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1. Introduction.  
Wi-Fi is not an option – the question is how to integrate it with cellular

Nobody questions Wi-Fi’s role in the current growth of wireless traffic and mobile 

device adoption. Today, overall Wi-Fi traffic dwarfs cellular traffic and, according to 

WIK, 74% of the traffic from smartphones and tablet was transported over Wi-Fi in 

2013. LTE networks will greatly expand cellular capacity, but Wi-Fi will retain its 

advantage. According to Cisco VNI, Wi-Fi will account for 48% of the global IP traffic 

and cellular for 10% in 2017. WIK forecasts that, by 2016, cellular networks will carry 

only 22% of smartphone and tablet traffic in Western Europe. Cisco VNI Mobile 

predicts that 56% of traffic from 4G connected mobile devices will be on Wi-Fi by 

2018. Wi-Fi is ubiquitous in mobile devices: 66% of tablets (Cisco VNI) lack cellular 

connectivity, but all have Wi-Fi; smartphones without Wi-Fi are an oddity.  

Mobile operators have embraced Wi-Fi, even though it largely falls outside their 

direct control and uses license-exempt spectrum, toward which they have 

ambivalent feelings. Wi-Fi is a huge reservoir of data capacity that is largely free 

when used from residential or workplace locations.  

The choice for mobile operators is not whether to have a Wi-Fi strategy or not, but in 

which of the many available ways they should leverage Wi-Fi – as an access 

technology, a revenue-generating tool, and a new service creation opportunity. This 

is where most of the debate and uncertainties are today. How can operators 

maximize Wi-Fi benefits and manage the challenges that come from an interface 

that has to be shared with whoever wants to use it? How much investment and 

effort should operators allocate to Wi-Fi, knowing this will detract from their 

commitment to 4G? How effectively will Wi-Fi relieve traffic pressure at peak hours? 

In this report, we skip the resolved issue of Wi-Fi’s relevance, and get right to an 

exploration of these topics – and how (and when) Wi-Fi and cellular networks can go 

beyond side-by-side coexistence to become fully integrated into the mobile radio 

access network (RAN) and core. 
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2. Beyond Wi-Fi offload. 
Offload limits the benefits of Wi-Fi for subscribers and operators  

Wi-Fi offload has been a huge – and largely unplanned – success. While estimates 

vary by country and source, more than half of the traffic on smartphones and tablets 

with cellular is likely to be over Wi-Fi, using a combination of residential, enterprise 

and public networks. The growth in Wi-Fi offload has come primarily from 

subscribers who get better performance and free access from Wi-Fi.  

Operators have also benefited from Wi-Fi offload because it has widened the use of 

mobile data while limiting the burden on mobile networks. However, only recently 

have operators actively encouraged offload by directing mobile devices to Wi-Fi, or 

by rolling out Wi-Fi networks in public areas to divert traffic from cellular networks. 

Yet Wi-Fi offload as used today poses great limitations in multiple respects: 

 Leaves outside the operator’s control the amount of traffic that Wi-Fi can carry, 

especially in congested locations during peak hours. 

 Limits the visibility that mobile operators have into offloaded traffic and their 

ability to monitor the subscriber experience is over Wi-Fi. 

 Makes it difficult to leverage Wi-Fi for new services or monetization. 

In this report we make a case for mobile operators to move beyond this type of blind 

offload, and urge them to get more directly involved in managing the Wi-Fi 

subscriber experience and in controlling the Wi-Fi infrastructure in public locations. 

This they can do by moving to carrier Wi-Fi and integrating Wi-Fi in their networks. 

Along with the transition to carrier Wi-Fi, we propose abandoning the use of the 

term offload to define Wi-Fi’s new role of providing connectivity to mobile devices. 

Offload carries a negative connotation, suggesting a lower rank for Wi-Fi, when in 

fact Wi-Fi carries most of the traffic from mobile devices. With the adoption of 

carrier-grade functionality, Wi-Fi is ready to gain equal footing with cellular 

technologies. 
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3. What is carrier Wi-Fi? 
Wi-Fi as a full-fledged RAN technology, integrated into the mobile core 

What does a move to carrier Wi-Fi entail? Mobile operators and Wi-Fi service 

providers can choose among many tools available today or being developed, but 

there is no defined set of prerequisites that strictly define carrier Wi-Fi. Furthermore, 

the transition from today’s offload will be gradual, and each operator and service 

provider will chart its own roadmap. But we expect the transition to carrier Wi-Fi 

from today’s blind offload to progress along three dimensions: 

 Establishing Wi-Fi as a RAN technology, deployed as a complement of the 

cellular RAN and serving a specific role in transporting the growing traffic loads. 

 Integrating Wi-Fi within the cellular core, to enable policy and service 

consistency across interfaces, and hence support service creation and 

monetization efforts from operators. 

 Enabling seamless, optimized connectivity from mobile devices that does not 

require subscriber intervention for network selection, based on a combination of 

performance, subscriber preferences and operator policy. 

The concept of carrier Wi-Fi should be used with caution, because Wi-Fi was not 

created as – and still is not – a carrier-grade technology. Carrier Wi-Fi refers to new 

functionality, and to a new role within wireless and, more generally, IP networks that 

Wi-Fi can support. But it does not entail operators having the same degree of control 

over performance that they have over cellular networks that use licensed spectrum, 

for which they have exclusive rights. The requirement to allow access to Wi-Fi bands 

– as well as the use of Wi-Fi bands by other wireless technologies – means that 

operators have limited ability to manage interference and, hence, to control 

performance. But because operators have visibility into the real-time performance of 

Wi-Fi networks, they can use the new functionality to optimize the allocation of the 

network resources available, and this is what makes it appropriate to refer to it as 

carrier Wi-Fi.  
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4. Carrier Wi-Fi is more – and less – than operator Wi-Fi. 
The scope for Wi-Fi and cellular integration 

Much of the interest in carrier Wi-Fi is for the prospect of mobile operators 

deploying their own Wi-Fi infrastructure, and the attendant opportunity for Wi-Fi 

and cellular integration. But carrier Wi-Fi has a wider scope that is complementary to 

mobile operators’ Wi-Fi, yet distinct from it.  

Some service providers such as Wi-Fi or fixed operators (e.g., Boingo Wireless, 

Towerstream or BT) and cable operators (e.g., Comcast or Cablevision) operate large 

Wi-Fi networks and are strong supporters of carrier Wi-Fi. In some cases, they plan to 

leverage the Wi-Fi footprint to enter the small-cell neutral host market. In these 

cases, carrier Wi-Fi functionality gives them more powerful tools to manage their 

network and to provide a better experience to their customers, and it creates a 

platform for their subscribers to roam with other service providers, including mobile 

operators.  

There is also a place for carrier Wi-Fi functionality in the enterprise and at home. The 

operator does not have to own the infrastructure, but may support some 

functionality (e.g., SIM-based authentication, or secure access) that enables a better 

quality of experience (QoE), a closer relationship to the subscriber or enterprise, and 

the ability to offer a consistent set of services that spans both cellular and Wi-Fi (e.g., 

the same parental control service and interface over both). 

At the other end, mobile operators may rely on their subscribers using Wi-Fi or even 

owning a Wi-Fi network, but without any carrier Wi-Fi functionality – i.e., using what 

is sometimes called legacy Wi-Fi, typically used today for the blind offload we 

described above. Mobile operators that do not want to invest in their own Wi-Fi 

infrastructure, or that do not need or are not ready to adopt carrier Wi-Fi 

functionality, can continue to leverage Wi-Fi as an independent access technology. It 

will relieve congestion from the mobile network; however, they will have no visibility 

into it.  
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5. Beyond macros. 
Densification with small cells needs Wi-Fi to succeed 

Wi-Fi and cellular have been and continue to be yoked in a relationship of mutual 

dependency and support. Since the introduction of smartphones, Wi-Fi has provided 

the bandwidth and capacity that mobile networks lacked, and cellular networks have 

compensated with the coverage required to build a reliable service offering.  

Today, LTE matches, or betters, Wi-Fi’s throughput. Operators like EE in the UK have 

seen subscribers using cellular more and Wi-Fi less as a result. This is to be expected 

in new LTE networks that still have relatively few subscribers connected and hence 

can support high per-device throughputs. As the networks become more heavily 

used, these data rates are likely to go down, and we may see subscribers select the 

network with better performance – regardless of whether it is Wi-Fi or LTE.  

Even assuming some reduction in the rate of traffic growth over the next few years 

(expected by most data traffic forecasts), mobile operators still need to increase 

network capacity quickly and cost effectively, without relying solely on new 

spectrum availability. In this context, densification of the network infrastructure with 

both small cells and Wi-Fi is necessary for operators to keep up with demand 

without breaking the bank.  

But financial considerations may be just as crucial as meeting capacity requirements. 

The business case for small cells is challenging. The new infrastructure has to steeply 

reduce per-bit costs in order to meet higher traffic loads that are not accompanied 

by a corresponding increase in ARPU: per-subscriber traffic volumes are expected to 

multiply over the next few years, while ARPUs in many markets continue to 

decrease.  

Adding Wi-Fi to cellular small cells not only gives the small cells a capacity boost, it 

substantially lowers the TCO for the combined cellular and Wi-Fi deployment, 

because the marginal cost is low. The same is true in the reverse: adding cellular 
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radios to operator-owned Wi-Fi deployments likewise lowers TCO, because the 

marginal cost of adding LTE to a Wi-Fi hotspot with sufficient backhaul capacity is 

low.  

Furthermore, combining Wi-Fi with 3G small cells makes it more attractive for 

operators to have initial 3G and Wi-Fi small-cell deployments, in networks without 

LTE or without any need yet for additional 4G capacity, but with severe 3G 

congestion. 

Adding Wi-Fi to a small-cell enclosure does not increase its price significantly – and 

equipment typically accounts for a small part of the capex. The higher backhaul 

requirements may lead to an increase in equipment cost, but that is unlikely if 

operators use fiber or high-capacity wireless backhaul. Equipment installation and 

operating costs remain the same when adding Wi-Fi to a cellular small cell, because 

the siting, installation and operating requirements are the same.  

To compare the TCO of cellular, Wi-Fi and combined cellular and Wi-Fi deployments 

in a way that takes performance differences into account, we looked at the per-bit 

TCO1. Capex and opex are lower for Wi-Fi than for any configuration of small cells 

that includes 3G and/or 4G, even if we assume the deployment of carrier-grade 

equipment and functionality. The cost of Wi-Fi infrastructure would be considerably 

lower for a basic hotspot (e.g., for a coffee shop with an access point giving free 

access to customers). At the same time, a Wi-Fi CERTIFIED ac access point in an area 

with manageable interference can deliver a higher throughput than an LTE small cell. 

As a result, the per-bit TCO, obtained by dividing the TCO by the capacity, is 

considerably lower for Wi-Fi than for 4G. Equally important, however, is the fact that 

by adding Wi-Fi to small cells, the per-bit cost of 3G and 4G is drastically reduced, 

thus strengthening the business case for 3G and 4G small cells. 

But we need to take an extra step to make the comparison fair. If transporting one 

GB over Wi-Fi is cheaper than over LTE, why should an operator deploy LTE small 

                                                      
 

1. For a more detailed discussion of the TCO assumptions and results, refer to the Senza Fili 

white paper “Carrier Wi-Fi® for mobile operators,” commissioned by the Wi-Fi Alliance.  

https://www.wi-fi.org/file/carrier-wi-fi%C2%AE-for-mobile-operators-the-economics-of-wi-fi-small-cells-2013
https://www.wi-fi.org/
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cells at all? Why not allocate all the funding to Wi-Fi? This is not going to happen, 

because one GB over LTE is not the same as one GB over Wi-Fi. The operator 

controls the LTE spectrum, so it can count on certain performance levels in LTE, but 

that is not the case with Wi-Fi. Hence the value of traffic over Wi-Fi is lower; how 

much lower depends largely on the level of interference and the topology of the 

Wi-Fi deployment. Our TCO analysis takes these factors into account by adjusting the 

capacity of the Wi-Fi access points, but operators have to assess the specific 

conditions they face within their footprint, and establish the appropriate tradeoffs 

between deploying more Wi-Fi or more cellular.  

As Wi-Fi and cellular become integrated in the same small-cell enclosure because of 

the TCO savings, a decision between Wi-Fi and LTE is no longer needed, because 

both get deployed throughout the small-cell footprint. 

As a result, we expect that the contribution from Next Generation Hotspot (NGH) 

carrier Wi-Fi, and cellular small cells to progress in parallel, because the 

infrastructure will converge to colocated equipment2. We expect that by 2018, 

carrier Wi-Fi will account for 5% to 10% of mobile traffic, and small cells for 6% to 

15%.  

  

                                                      
 

2. For further details, download the Senza Fili white paper “Cost savings and revenue benefits 

from Next Generation Hotspot (NGH) Wi-Fi,” commissioned by the Wireless Broadband 

Alliance (WBA). 

http://www.wballiance.com/wba/wp-content/uploads/downloads/2013/09/Cost-savings-and-revenue-benefits-from-NGH.pdf
http://www.wballiance.com/wba/wp-content/uploads/downloads/2013/09/Cost-savings-and-revenue-benefits-from-NGH.pdf
http://www.wballiance.com/
http://www.wballiance.com/
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6. Why integrate Wi-Fi and cellular? 
The end-to-end benefits 

The experience of using Wi-Fi on a mobile device in multiple networks – home, work, 

and public areas – has greatly improved over the years. Gone are the days when you 

could not connect to Wi-Fi with your mobile phone because it lacked a browser 

needed for the authentication. Today, mobile users find it easy to see what networks 

are available and connect to them. The devices remember networks they have 

connected to before, and in most cases reconnect to them automatically. Some 

operators and device manufacturers even make Wi-Fi the preferred connectivity 

option and try to limit the use of services such as OS and apps upgrades to Wi-Fi. 

Yet the current Wi-Fi usage model can lead to inefficient use of available wireless 

resources and to a suboptimal subscriber experience – over both Wi-Fi and cellular. 

Mobile devices follow a coexistence usage model, where the selection between 

Wi-Fi and cellular obeys the idiosyncratic preferences of the device owner – who in 

most cases does not want to have to choose the network to use, if only the device 

could pick the best one unassisted.  

The integration of Wi-Fi and cellular networks will cause a shift from a coexistence 

model to a seamless connectivity model. In the latter, network selection choices will 

be made in the background (as already happens among cellular bands), functionality 

and services will be consistently available regardless of access technology, and 

subscribers will not need to know (unless they want to) whether they are on Wi-Fi or 

cellular.  

Achieving the full potential of seamless connectivity will require time and effort, and 

it will add another layer of complexity in mobile networks. Operators will have to act 

at multiple levels – devices, cellular and Wi-Fi RAN, and the mobile core – getting 

different parts of the combined network to interface and share real-time 

performance information, and combining standards and technologies supported by 

multiple organizations (see table on next page).  

Benefits of cellular and carrier Wi-Fi integration 

 Automatic network discovery and selection, relieving 
subscribers from identifying available networks and 
selecting one to connect with. The operator can direct 
subscribers to a specific network based on operator policy, 
subscriber plan or tier, or network performance.  

 Seamless client authentication over Wi-Fi, enabling subscribers 
to connect to Wi-Fi without active participation, thus improving 
experience and encouraging Wi-Fi connectivity. With 
SIM-based authentication for cellular devices, operators can 
securely manage subscriber connectivity. Non-SIM devices can 
also be authenticated, by the operator using via 
username/password and certificate EAP-based methods.  

 Improved mobility support between Wi-Fi and cellular. This is 
increasingly important as Wi-Fi becomes integrated into cellular 
small cells, increasing the frequency of handoffs between the 
two technologies.  

 Integration with policy and charging in the mobile core, for 
consistent service offerings, tiering and charging options for 
both cellular and Wi-Fi – with the option of supporting 
specific services or options over just one network or the 
other. 

 A common authentication and network selection platform, 
to facilitate roaming across service providers. Mobile 
operators can support seamless roaming with other mobile 
or fixed service providers. 

Source: Senza Fili 
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Industry-wide efforts to establish a strong carrier Wi-Fi foundation and ecosystem 

Organization Ecosystem role Initiatives, standards 

Wi-Fi Alliance 
 

 Defines Wi-Fi technology on the basis of IEEE specifications for the MAC and 
PHY layers, and complements those with additional specifications or 
resources as needed (e.g., the Hotspot 2.0 Specifications or operator best 
practices guides to Passpoint).  

 Establishes certification programs for devices and infrastructure equipment 
that ensure out-of-the-box interoperability across vendors for devices and 
APs; does this in collaboration with all value chain participants.  

 Promotes carrier Wi-Fi adoption across the ecosystem, with the participation 
of vendor and operator members, and in collaboration with industry 
associations such as the WBA, GSMA and CTIA.  

 Passpoint certification program based on Wi-Fi Alliance 
Hotspot 2.0 Specification to enable seamless and secure 
SIM-, certificate-, and password-based authentication 
across networks; online signup; and policy control. 

 Wi-Fi CERTIFIED ac to increase capacity, throughput and 
spectrum utilization. 

 WPA2™- Enterprise to provide secure authentication and 
connectivity. 

 Additional certification programs in development to 
address management features, new frequency bands, 
and more. 

WBA  Facilitates the creation of partnerships among network and service operators, 
and collaborates with organizations such as the GSMA and Wi-Fi Alliance to 
promote the use of Wi-Fi roaming. 

 Promotes the use of Wi-Fi in public locations by establishing guidelines for 
user experience, fault management and customer care.  

 Establishes a community of operators committed to interoperable Wi-Fi 
roaming, and maintains a global hotspot directory.  

 Next Generation Hotspot (NGH) program to facilitate 
seamless and secure subscriber access across 
participating operators, through the publication of 
guidelines and specifications. 

 Global Wi-Fi Roaming specification (WISPr 2.0) to 
establish standards and best practices for Wi-Fi roaming. 

 Interoperability Compliance Program and Wireless 
Roaming Intermediary eXchange (WRIX) for 
interoperability in Wi-Fi roaming. 

3GPP  Develops standards for 3GPP technologies, including UMTS/HSPA and LTE 
that enable the integration of Wi-Fi into cellular networks.  

 Promotes integration of 3GPP and Wi-Fi networks by defining the interfaces 
between the two technologies.  

 ANDSF for traffic management and policy enforcement 
for mobile traffic in non-cellular, public networks. 

 S2a, S2b and S2c interfaces, DSMIP and SaMOG to 
support session mobility between cellular and Wi-Fi 
networks. 

IEEE  Develops IEEE 802.11 WLAN specifications for the 2.4, 3.6, 5, and 60 GHz 
bands for the PHY and MAC layers. IEEE specifications provide the basis for 
the definition of Wi-Fi, but their scope is not limited to Wi-Fi, and they exclude 
upper-layer specifications. 

 IEEE 802.11 a, b, g, n, ac and ad to define the air interface. 

 IEEE 802.11 u for network discovery.  

 IEEE 802.11i for security. 

Source: Wi-Fi Alliance 
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7. Mobile access with Wi-Fi. 
Creating a seamless experience with Passpoint 

Passpoint has become a main catalyst for carrier Wi-Fi, and for Wi-Fi and cellular 

integration. A standards-based platform for carrier Wi-Fi driven to a large extent by 

service providers, Passpoint is widely supported in the industry. It is backed by the 

Hotspot 2.0 standard and a certification program that includes both devices and 

infrastructure equipment. Passpoint replaces a varied collection of proprietary 

solutions that were designed to address the need for carrier Wi-Fi but repeatedly 

failed to induce mobile operators to deeply integrate Wi-Fi with their cellular 

networks. At the same time, it can be argued that it was precisely the need of mobile 

operators and other service providers to use Wi-Fi more efficiently within their 

networks that created the momentum for Passpoint to come to pass. 

Yet, despite its crucial role in helping mobile operators leverage Wi-Fi more 

aggressively, Passpoint is mostly about improving the Wi-Fi subscriber experience, 

making the use of Wi-Fi resources more efficient, and expanding the monetization 

opportunities of Wi-Fi. Passpoint is not about integration with cellular; it is about 

adding the functionality that Wi-Fi needs in order to be deployed in carrier networks, 

as opposed to homes, enterprises and stand-alone hotspots.  

By supporting new functionality, such as SIM-based authentication or policy, 

Passpoint acts as the foundation that makes integration with cellular networks 

possible. It gives Wi-Fi a language with which it can talk to its cellular counterparts.  

With Passpoint in place, 3GPP has been able to provide the hooks in the cellular 

networks to link corresponding functionality, such as RAN access, authentication, 

policy, charging, and roaming. In turn, 3GPP standardization efforts pave the road for 

the multiple players in the Wi-Fi and cellular ecosystem to develop solutions that can 

interoperate with each other.  

Passpoint: how does it foster cellular integration? 

2012: Release 1  

 Network discovery and selection provides the required 
functionality for traffic management (e.g., real-time traffic 
allocation between Wi-Fi and cellular network resource 
availability) and mobility support.  

 Seamless network access encourages Wi-Fi connectivity 
and enables operators to gain visibility into subscribers’ 
activity and QoE while using Wi-Fi, and facilitates extension 
of cellular services (e.g., those that require digital rights 
management) to Wi-Fi. 

 WPA2-Enterprise security addresses mobile operators’ 
concerns about ensuring a level of security in Wi-Fi 
networks that is comparable to that in cellular networks.  

2014: Release 2 

 Online signup facilitates an operator’s efforts to get 
revenues from occasional network use by Wi-Fi–only 
devices or users that cannot roam on the operator’s 
network.  

 Operator policy establishes a platform for Wi-Fi policy, 
which can operate autonomously within the Wi-Fi network 
or be linked to cellular core policy.  

For more information on Passpoint functionality, refer to the table in 

the interview with the Wi-Fi Alliance. 

Source: Senza Fili 
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Commitment to Passpoint is wide among mobile operators and device vendors alike. 

They are the players whose actions determine its success. Operators need to support 

its functionality, and need to build carrier Wi-Fi networks (or establish roaming 

partnerships with Passpoint operators). Vendors need to gain Passpoint certification 

for both the access point and the mobile device.  

Yet commercial deployments are still limited, and understandably so. Operators face 

a substantial investment of money and effort in moving from today’s blind offload to 

carrier Wi-Fi, and they want to invest only when mobile devices are ready to use 

Passpoint. Device vendors want to ensure that operators are ready to move forward 

before adding Passpoint. But with Samsung’s and Apple’s commitment, the path to 

adoption on the device side is clear. Among mobile operators, China Mobile and 

AT&T (interviewed for this report) are among the strongest Wi-Fi supporters, and 

both have plans to roll out Passpoint.  

Early data from carrier Wi-Fi deployments demonstrate that features like SIM-based 

authentication encourage Wi-Fi use. In a commercial deployment in an airport, a 

mobile operator has seen the total number of SIM-based sessions Wi-Fi sessions 

grow by a factor of ten over six months, while the portion that are web-based grew 

at a much slower pace. This type of growth in Wi-Fi access is not surprising, because, 

as they arrive at the airport, subscribers can be automatically moved over to Wi-Fi 

without having to switch manually or even provide confirmation. If subscribers had 

to actively move to Wi-Fi, they would be likely do so only if they planned to use large 

amounts of data or if the cellular data rate were low.   



REPORT Wi-Fi and cellular integration   © 2014 Senza Fili Consulting • www.senzafiliconsulting.com      |16| 

8. Integrating Wi-Fi into cellular. 
3GPP tools that leverage the mobile core to support Wi-Fi  

3GPP has addressed interworking with non-3GPP technologies for a long time, and, 

even though some of the standardization efforts cover other technologies as well, 

Wi-Fi is the only candidate on a global basis. The three main elements of 3GPP 

efforts are listed in the table at right; they share the goal of improving the allocation 

of Wi-Fi and cellular resources and the subscriber experience. Mechanisms like 

ANDSF and SaMOG are designed to ensure that the device selects the best network 

available and that the device can handle handoffs from one network to the other 

seamlessly. 

Integration of Wi-Fi into the cellular core depends on whether the Wi-Fi network is 

trusted or untrusted (see the graphic on the following page). A trusted network is 

one over which the mobile operator (or a trusted partner) has control (and one, 

typically, that it owns). In such a network, the Wi-Fi gateway can connect to the 

packet gateway (PGW), and to the authentication, authorization and accounting 

(AAA) and policy and charging rules function (PCRF) servers directly. In untrusted 

networks, access to the mobile core is mediated by the evolved packet data gateway 

(ePDG), and IP security (IPsec) has to be used to secure the link from the Wi-Fi 

gateway to the ePDG.  

In both cases, the ANDSF server provides network and policy information to the 

ANDSF client in the mobile device to help it make the appropriate network selection 

decision. While ANDSF uses network information to steer the device in the desired 

direction, the decision to switch to the other network is not made by the network, 

but is left to the device. In some circumstances this can lead to inefficiencies – e.g., if 

all devices were to follow the same policy of preferring Wi-Fi over cellular, they 

would all connect to Wi-Fi when available, leaving the cellular network underutilized 

and lowering the QoE. However, this does not mean that the operator has no control 

over the network selection decision; it can push policy onto the devices, but it has to 

do so mindful of policy interaction among devices in high-traffic environments.  

3GPP elements to enable Wi-Fi and cellular integration 

Interfaces to the packet gateway: 

 S2a in trusted Wi-Fi networks. 

 S2b in untrusted Wi-Fi networks, to be used in conjunction with 
IPsec. 

 S2c for client/host-based mobility using IPsec. 

Access network discovery and selection function (ANDSF) ties 

network selection and traffic steering to policy by establishing a 

real-time link between the PCRF and the Wi-Fi network. Using the 

S14 interface, ANDSF gives mobile devices network information and 

policy-based instruction to direct network selection.  

S2a Mobility over GTP (SaMOG) provides access from trusted Wi-Fi 

networks to the mobile core using the GPRS Tunneling Protocol 

(GTP) for mobility-management enabling services that require 

quality of service (QoS) or real-time data.  

Source: Senza Fili 
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AAA Authentication, authorization and accounting 

ANDSF Access network discovery and selection function 

AP Access point 

ePDG Evolved packet data gateway 

IPsec IP security 

PCRF Policy and charging rules function   

PGW Packet gateway 

UE User equipment 
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9. Integrated network selection makes Wi-Fi and cellular good neighbors. 
ANDSF can improve performance and QoE  

Operators reluctant to embark on the journey to carrier Wi-Fi argue that subscribers 

are happy with the current coexistence of Wi-Fi and cellular. The QoE has greatly 

improved on both the Wi-Fi and the cellular sides, and coexistence works well in 

residential and enterprise environments, where subscribers continue to use the 

same Wi-Fi networks (hence their devices attach to them automatically) and where 

they know what to expect in terms of performance (hence stick to their preferences, 

without having to check every time which network is better).  

In public areas, traffic conditions are more variable and devices are more likely to 

encounter new Wi-Fi networks. There, subscribers have to continually reevaluate 

their network decisions if they want to be on the network that offers the best 

performance (which might not be the one with the highest data rate). In practice, 

subscribers are likely to stay on cellular, unless they are planning for some 

bandwidth-intensive activity.  

Network selection in public areas will become even more relevant with the 

introduction of LTE and small cells. In a 3G network, it is a safe bet that Wi-Fi has 

better data rates than cellular. If using LTE, this assumption no longer holds, 

especially if Wi-Fi uses the crowded 2.4 GHz band instead of the 5 GHz (see channel 

deployment in London in the graph at right; 5 GHz still accounts for the smaller 

portion of traffic, despite being a wider band). In the UK, EE has seen Wi-Fi use 

decrease among its LTE subscribers – most likely because the LTE data rates are high 

enough that subscribers do not miss Wi-Fi. But this means that simple rules such as 

“select Wi-Fi whenever available” are no longer desirable, either from a subscriber or 

an operator perspective.  

In a HetNet where small cells and Wi-Fi are colocated, LTE and Wi-Fi will compete 

head to head in terms of performance. The separation between indoor Wi-Fi and  
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outdoor cellular will also blur, as operators increasingly plan for indoor small-cell 

installation and Wi-Fi migrates outdoors as it gets embedded in small cells. LTE small 

cells face interference with the macro layer, Wi-Fi faces it with the competing 

neighboring networks – and both share their capacity among the devices they serve 

within their footprint.  

To further complicate the selection, on average Wi-Fi has a shorter range than LTE. 

As a result, devices closer to a small-cell site with both LTE and Wi-Fi are better off 

using Wi-Fi, and those at the edge will do better using LTE (see the graph on the 

previous page). Again, subscribers do not know, without checking, which network 

provides the best performance.  

In these environments – high-traffic public areas with LTE and Wi-Fi, with the 

possible addition of small cells – network selection is crucial to ensure both high 

network utilization and a good user experience. There is no longer one network that 

has better performance, but two high-capacity, high-speed networks that need to 

share traffic – and it is crucial for the operator to optimize traffic steering, picking 

which subscribers should use Wi-Fi and which cellular.  

The scenarios we list in the table at right point to some of the inefficiencies that may 

arise despite the best intentions of subscribers, device manufacturers, and mobile 

operators. Wi-Fi and cellular integration offers the potential for operators that meet 

the challenge to avoid these pitfalls and to be rewarded with higher subscriber 

satisfaction. But finding the right balance and deploying the best solution is going to 

require substantial effort at the beginning.  

Integration efforts are just beginning, and there is a lot to learn for both vendors and 

operators. The standards are evolving and need to expand in scope to enable the 

deep integration needed to optimize network resources. In particular, ANDSF does 

not use all the network data that Passpoint can collect, nor does it yet incorporate 

real-time traffic load data, so there are limits to its effectiveness. Some vendors have 

proprietary extensions that overcome some of these limitations, but ultimately a 

standards-based solution is preferable, because integration efforts typically involve 

multiple vendors, and they need to have interoperable solutions.  

 

Scenarios that can lead to an inefficient network selection 

(and possibly to a decrease in QoE)  

Herd behavior. Multiple factors – individual subscriber preference; 

device settings by subscriber, operator or manufacturer; operator 

policy -- may drive a majority of devices to make the same choice. 

Even if they all pick the best network, the result is that sharing 

network resources among too high a number of subscribers reduces 

the data rates on the best-performing network, while the other has 

unused capacity.  

Frequent network selection updates. At the other extreme, devices 

may constantly compare network performance and move to the 

best-performing network. If many devices do that or if network load 

fluctuates (e.g., there is a sudden increase in traffic when a train 

with many subscribers crosses the area), the mobility management 

overhead increases and the per-user data rates decrease. 

Lack of real-time performance data. A network decision based on 

available capacity, but not real-time traffic load, leads to a bias in 

network selection, which in turn leads to uneven load balancing. 

Backhaul bottleneck. A comparable uneven load balancing may be 

caused by taking RAN capacity into account only at locations where 

the backhaul capacity may act as a bottleneck. 

Traffic type and plan options. When resources are limited, 

operators may find it beneficial – in terms of revenues and overall 

QoE – to use factors such as traffic type (e.g., voice on the most 

reliable network), tier (e.g., gold subscribers get first choice), or cost 

benefits (i.e., free Wi-Fi will encourage Wi-Fi usage) to drive 

network selection. 

Source: Senza Fili 
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10. Planning, managing and optimizing integrated networks. 
The emergence of new business models and opportunities 

The mobile operator’s decision to integrate Wi-Fi and cellular – and how tight and 

extensive the integration should be – will extend beyond the adoption of Passpoint 

and 3GPP functionality. Integration will change the way the operator plans and runs 

the combined network. New business opportunities will unfold, and new players and 

business models will emerge (see the table at right). 

When planning for a capacity expansion, the use of operator-owned carrier Wi-Fi 

networks will reduce the cellular capacity requirements. But by how much? And 

where? Especially when planning for a small-cell sublayer, operators have to 

carefully select locations both for Wi-Fi and for cellular small cells where the 

subscriber density is highest. An even or peaked distribution of subscribers within 

the macro footprint, the choice between indoor and outdoor coverage, and the area 

topology have a great impact on the capacity gain that Wi-Fi and cellular small cells 

contribute. Interference is also likely to affect the two networks differently. Small-cell 

interference comes from the macro layer; Wi-Fi interference comes from other Wi-Fi 

networks sharing the same spectrum resources. Operators are familiar with planning 

and operating networks with multiple technologies and interfaces, but they all use 

licensed spectrum, and hence can rely on consistent capacity levels. With Wi-Fi, they 

gain access to free spectrum and lower per-bit costs, but they cannot bank on well-

defined performance levels.  

At the same time, we expect that colocation of Wi-Fi and cellular small cells will 

increase the role of indoor small cells, as well as of outdoor Wi-Fi access points. The 

increased indoor capacity is desirable because indoor locations have lower 

interference and most traffic comes from indoor locations. However, this also 

changes the way operators plan and optimize network performance, because their 

approach to interference management will have to change.  

New business models and opportunities 

Roaming. Wi-Fi roaming has been available for some time, but its 

scope has been limited because it still often involves a time-

consuming process. Seamless domestic and international roaming 

on integrated networks provides a great advantage over per-session 

paid access or unsecure free access, and gives subscribers the 

confidence that the network they attach to is secure and that the 

connection costs are known. 

Wholesale network operators. Wi-Fi operators that have a valuable 

Wi-Fi footprint, such as Boingo Wireless, can add cellular small cells 

on behalf of mobile operators, giving them a hassle-free and quick 

deployment, especially in locations where gaining access rights to 

potential cells sites can be difficult or expensive.  

Enterprise deployments. Mobile operators or neutral-host 

providers may work with enterprises to provide access to enterprise 

staff or to M2M services (e.g., at campus locations or in 

warehouses) or to customers or visitors (e.g., malls or hospitals). In 

this case, the network operator can provide both Wi-Fi and cellular 

access, or find a mutually attractive infrastructure-sharing 

agreement (e.g., sharing the backhaul).  

Source: Senza Fili 
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11. The promise of policy integration. 
Developing advanced services across access technologies 

Tying Wi-Fi and cellular policy together helps optimize resource utilization and QoE – 

and this advantage in itself justifies the integration efforts. But because most of the 

traffic from smartphones and tablets goes over Wi-Fi, the impact of policy 

integration can be just as great on the development of Wi-Fi–based services, and the 

extension existing cellular services to Wi-Fi, using a consistent user interface and 

QoE.  

Until recently, policy integration would have delivered limited benefits, because 

operators did not use policy extensively. This is rapidly changing because operators 

have embraced policy as a main tool for new services and revenue generation – e.g., 

tiering, shared plans, OTT partnerships, and content- or app-specific services. Now, 

excluding Wi-Fi traffic from policy-defined services will limit the revenue opportunity, 

reduce their attractiveness to subscribers, and add complexity to data plans.  

Integrating policy does not mean that operators should treat services over Wi-Fi and 

cellular equally, or that they have to offer the same services over both interfaces. 

Rather, they will use a single platform to provision them. This will enable operators 

to treat them consistently, and to have the same flexibility in managing the 

interaction between services and access technologies (i.e., what’s available where 

and how much to charge for it). The table at right shows examples of services that 

could benefit from policy integration. Once policy is integrated, the ensuing service 

integration does not have to be limited to the operator-owned Wi-Fi network; 

instead we expect that operators will extend it to home and enterprise Wi-Fi access. 

Policy integration may also address the perceived challenges in Wi-Fi monetization. 

A common refrain is that mobile operators find it difficult or impossible to monetize 

Wi-Fi, and that stems from the fact that Wi-Fi access is typically included without 

additional fees in the data plans.  

Policy integration's advantages for advanced services 

Data caps may include both carrier Wi-Fi and cellular, or have 

different allowances for each. The operator can tie Wi-Fi and 

cellular caps to time, location, network load or other features to 

create incentives for subscribers to shift traffic that is not time-

sensitive to off-peak times. For instance, instead of unlimited Wi-Fi 

as part of a mobile plan, operators may offer free access or a 

supplementary traffic allowance during off-peak hours and at non-

peak locations, regardless of interface. 

Tiering may also use Wi-Fi access as a differentiation among 

subscriber levels. The operator may grant unlimited Wi-Fi access or 

prioritized access only to top-tier subscribers. 

Add-on services that are available as a complement to the basic 

data plan – such as parental control, security, or content- or app-

based services – can be made available through Wi-Fi networks and 

to mobile devices, such as tablets, that may not have a SIM card.  

An integrated roaming offering can reduce the complexity of using 

the service. Subscribers may sign up for roaming packages that 

include both Wi-Fi and cellular data roaming. While charges for 

Wi-Fi and cellular may be different, subscribers can use the same 

interface to select and accept the service.  

Source: Senza Fili 
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It is difficult to see how operators could monetize Wi-Fi access per se when 

subscribers or their employers pay for the Wi-Fi access points and the backhaul. They 

may be able to do so – and we see no reason why they should not – if they own the 

Wi-Fi infrastructure, and if Wi-Fi supports the seamless connectivity and 

performance of cellular networks, which is what an integrated carrier Wi-Fi network 

should deliver. If operators charge for carrier Wi-Fi traffic over their networks as they 

do for cellular traffic, they also retain more flexibility in allocating traffic between the 

two interfaces, because this removes the subscriber bias toward Wi-Fi that results 

from its lower costs, and which may decrease overall network utilization. Subscribers 

accustomed to free Wi-Fi access may find this change unfair unless operators 

demonstrate that carrier Wi-Fi is superior to free hotspot access. In fact, operators 

can still provide free access from their legacy infrastructure, or adjust their data caps 

to take into account the fact that Wi-Fi in public venues is no longer free.  

Policy integration will also support Wi-Fi monetization by letting operators decouple 

charging for services and charging for access – and, incidentally, this is a distinction 

that becomes more relevant with the adoption of residential femto cells that carry 

traffic for which subscribers foot the backhaul bill and may not be willing to pay the 

same price as they do for the rest of the traffic. An example is parental control 

services, which operators can offer through both Wi-Fi and cellular. Subscribers are 

able to use the same service over Wi-Fi and cellular (no need to deal with two 

services to set up, possibly with different capabilities), even though the Wi-Fi access 

may be through their home network or a public network not owned by the operator. 

Offering the same service across Wi-Fi networks – regardless of whether they are 

legacy or carrier Wi-Fi – makes the service more valuable and attractive to 

subscribers, and this in turn may drive adoption and revenues up.  

This service-based revenue source is valuable to operators because it increases (or 

creates) revenues that are not dependent on access. At the same time, it takes 

mobile operators closer to their subscribers at home and in the enterprise, by 

offering services that follow them where they are, even when they are not using 

their networks. Moving a step further, operators could also support the same 

services in Wi-Fi–only devices, such as tablets, which are still often beyond the 

operator’s reach because most subscribers do not yet see a benefit from adding their 

Wi-Fi tablets to their mobile data plan.   
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12. Implications. 
Integration strengthens both Wi-Fi and cellular performance to improve QoE 

The success of mobile data solidly rests on the symbiotic and complementary 

coexistence of Wi-Fi and cellular technologies. Not only will the two technologies 

continue to be the main growth enablers for wireless data, but their relationship will 

grow tighter with the integration of the two interfaces in the mobile core. Wi-Fi and 

cellular will continue to have a different role (albeit the difference is shrinking), but 

they will both be essential RAN technologies in HetNet deployments.  

What changes with the introduction of carrier Wi-Fi functionality is that Wi-Fi 

acquires a more central role within the cellular infrastructure. Operators will be able 

to increase the benefits from both technologies by improving performance and QoE, 

if they are willing to invest time and effort in integrating them.  

Today’s dominant Wi-Fi offload model leaves Wi-Fi access largely outside the 

visibility range of mobile operators – it keeps operators at a distance from their 

subscribers, leaves them unable to optimize the utilization of the RAN infrastructure, 

and constrains their ability to offer services across interfaces.  

Even though the Wi-Fi experience is a very positive one for most subscribers, 

operators can extract additional benefits from both Wi-Fi and cellular by using policy, 

real-time network data, and subscriber preferences to allocate traffic loads across 

interfaces, manage mobility, and launch advanced services.

 
 

 

 

 

Trends and future drivers for Wi-Fi and cellular integration  

Increased adoption of carrier Wi-Fi, making Wi-Fi an integral 

component of HetNets, requiring deep changes in the way 

operators plan, operate and optimize their networks. 

With the colocation of Wi-Fi and small cells, a growing role for 

indoor cellular small cells and for outdoor Wi-Fi, which also 

strengthens the case for integration between the two technologies. 

Cost savings from the combination of Wi-Fi and cellular small cells 

within the same equipment unit and sharing the backhaul. 

Expansion of the scope of 3GPP standards to support a tighter 

integration of Wi-Fi into cellular networks and more extensive use 

of real-time performance information. 

Growth in M2M adoption and traffic, leading to new usage cases in 

public areas, some requiring Wi-Fi, some cellular. 

Deeper policy integration, enabling the creation of new services and 

extension of existing ones to Wi-Fi. 

Carrier Wi-Fi and cellular small cells gaining a foothold in the 

enterprise and at home, and tied to the emergence of new business 

models. 

Source: Senza Fili 
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II. Vendors’ profiles 
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1. Accuris Networks 

Background and focus Founded in 1997, Accuris initial focus was on CDMA and GSM 

cellular roaming and it has evolved to include Wi-Fi offload and Wi-Fi roaming, for both 

voice and data, among Wi-Fi, fixed and cellular service providers. Through a standards-

based approach to promote roaming across different range of Wi-Fi and cellular networks, 

Accuris strives to go beyond basic access, and provide security, service consistency and 

continuity, security, subscriber identity across networks, using SIM-based functionality 

when possible, but also supporting authentication methods that do not require a SIM in 

the mobile device. 

Solution AccuROAM is the flagship product for Wi-Fi and cellular integration that provides 

mobile operators with a solution for Wi-Fi roaming and offload. It includes three modules: 

 AccuROAM Mobile Client. It is a downloadable app that makes the connection to 

available Wi-Fi networks seamless. It enables the automatic selection of the best 

available Wi-Fi network, manages the connection and sign up, both for roaming 

subscribers (i.e., those that use a subscription plan from a different service provider) and for occasional users (i.e., those that pay at the hotspot venue). 

 AccuROAM Core Network Server. As the authentication and access controller, the Core Network Server directly interfaces with the mobile core to ensure that the 

device is allowed to the network and to obtain the policy that governs it.  

 AccuROAM Network Access Controller (NAC). It acts as the Wi-Fi gateway that transports the traffic from authenticated devices. It captures all the traffic from the 

captive portal (e.g. payment), interfaces with the cellular network for policy control and fraud detection.  

Ecosystem Accuris works primarily with mobile operators, but its customers also include Wi-Fi and fixed service providers. It has partnered with equipment vendors, 

operators and service providers to establish an ecosystem for Wi-Fi roaming and offload. 

Future With the rapid evolution in technology and growth of interest among mobile operators to integrate Wi-Fi and cellular, there are multiple areas for further product 

development, which include Passpoint Release 2, automatic network selection, policy and monetization, analytics, automatic network configuration – all of which point 

towards an overall trend at Accuris towards a deeper integration between Wi-Fi and cellular that proceeds in parallel within devices, the RAN and the core network, and 

towards realizing the vision of Wi-Fi as a full-fledged carrier-grade technology.  

http://www.accuris-networks.com/
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2. Aptilo Networks 

Background and focus Aptilo is one of the companies with the longest commitment to help service providers to provide 

Wi-Fi access in public locations. Initially this required a laborious authentication process, dongles, and entering credit card 

numbers. During the last twelve years, Aptilo has played a role in making public access widely available, secure, and easy 

for the user to negotiate. Today, Aptilo’s focus is on establishing a Wi-Fi and cellular integrated network, with a consistent 

authentication, service offering, charging and policy, and that is equally open to SIM and non-SIM devices. 

Solution Aptilo’s Service Management Platform interfaces the WLAN controller in the RAN on one side, and the mobile 

core on the other to support carrier Wi-Fi functionality. Aptilo’s solution enables service providers to authenticate 

subscribers using SIM-based and other authentication methods. The management of Wi-Fi access, charging and policy is 

fully integrated with the cellular network to give users a consistent and reliable experience across access technologies. 

The Service Management Platform enables operators to manage Wi-Fi services and roaming, to analyze traffic data, to 

secure network access, to integrate the control plan with support for RADIUS, Diameter and SS7, and to support policies 

that can be Wi-Fi specific or shared between Wi-Fi and cellular networks.  

Ecosystem Aptilo’s customers are primarily mobile operators and other 

service providers, and enterprises, but the company works closely with 

other Wi-Fi and cellular ecosystem vendors as any integration of Wi-Fi 

and cellular infrastructure requires the integration of solutions from 

multiple vendors. Operators may have today a separate Wi-Fi network 

and cellular network that they want to integrate, but want to do so 

without having to replace their core network elements such as the PCRF. 

Because of it position at the intersection of the Wi-Fi and cellular 

networks, Aptilo sees itself as having a central role in ensuring that 

network elements from other vendors work seamlessly with its solution.

Future As operators transition from best-effort Wi-Fi offload to carrier 

Wi-Fi, Aptilo sees room for growth to address the connectivity needs of 

the enterprise, to enable homespots that share residential Wi-Fi APs, to 

tighten the integration of Wi-Fi and cellular further, and to leverage 

charging and policy tools – e.g. tiering tied to network selection – to 

boost monetization.  
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3. Goodman Networks 

Background and focus Founded in 2000, Goodman has become a leading 

provider of indoor wireless infrastructure, primarily DAS. More recently, 

Goodman has extended its expertise and services to the carrier and enterprise Wi-

Fi market, and to indoor and outdoor small cells, organically and through the 

acquisition of the Custom Solutions Group (CSG). 

Solution Goodman has developed an Intelligent Service Delivery Model (ISDM), 

specifically to support small cells, both during the initial deployments and during 

subsequent operation with teams of field technicians that can install and operate 

a small-cell network on behalf of the operator. Goodman assists operators from 

the planning stage, to the installation, commissioning, and finally maintaining and 

monitoring the network. In addition to provide services in the field, Goodman has 

staging and testing facilities, as well as a network operations center for network 

monitoring and dispatching. 

Ecosystem Goodman works primarily with mobile operators in North America, 

but has also partnerships with vendors to facilitate deployment of their 

equipment.

Future Goodman expects to see the size of small-cell and carrier Wi-Fi 

deployment expand in size over the next two years, as it continues to refine the 

installation process and operations of small cells and Wi-Fi in the network sublayer 

in light of the early-days installation experience that is acquiring now with the early 

small cell deployments supporting mobile operators in the US. From the initial 

experience with DAS and the current experience in small cells and carrier Wi-Fi, 

Goodman aspires to become an end-to-end service provider to mobile operators 

in the deployment of HetNet sub-macro layers, as an integrated network that 

includes varying topologies that include small cells, Wi-Fi and DAS both in indoor 

and outdoor locations. 
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4. InfoVista 

Background and focus As a leading provider of IP and RF planning tools, and assurance solutions and 

services, InfoVista has naturally expanded the focus of its activities to include multi-layer HetNets, 

including small cells and carrier Wi-Fi, which in its RF planning approach is geared to create an 

optimized multi-technology fully-integrated network, rather than providing piecemeal RF tools for 

different wireless interfaces, such as Wi-Fi and LTE. 

Solution InfoVista helps mobile operators to plan and operate their Wi-Fi and small-cell networks, from 

the initial RF network design and planning, to the subsequent coverage and performance monitoring, 

traffic management, and network optimization, using a rich set of historical and real-time network 

data, including 3D traffic data. As a precise positioning of Wi-Fi and cellular small cells where the 

highest density of usage comes from within the macro footprint, 3D traffic maps are crucial to plan for 

networks that maximize capacity and reduce the impact of interference.  

In the early deployment stage of HetNets, the RF design and planning tools in Mentum Planet are the 

ones most frequently needed by operators. With Mentum Planet operators can evaluate the tradeoffs 

among different options, such as indoor versus outdoor locations, or macro- versus small-cell capacity contribution (e.g., when adding a new small cells has no longer a 

significant impact on overall capacity), and the backhaul capability available (e.g., whether LOS is available). 

Complementary to Mentum Planet, is VistaSON available to operators once their networks start to operate and they need to automatically manage and optimize HetNet 

performance and QoE. Automated functionality include dynamic load balancing, CCO, energy savings, cell outage management, and real-time optimization. 

Ecosystem InfoVista provides mobile operators, other service providers and enterprises with tools to plan, optimize, and monitor their networks. To deliver the solution, it 

has a wide network of partners that include equipment vendors, system integrators and channel partners. 

Future The expansion of HetNet multi-layer networks which include technologies such as Wi-Fi and LTE that have different requirements makes RF planning more 

demanding, but also unlocks new opportunities to optimize network performance, and the ROI on the RAN investment. Building on this trend, we expect InfoVista to 

continue to add functionality to its RF planning solutions as SON technology evolves and to enable increasingly optimized location of the small-cell and Wi-Fi 

infrastructure. At the same time, as HetNets become more widely deployed, the on-going network monitoring and optimization is likely to grow in importance for 

InfoVista and the recent acquisition of Aexio, with its geo-analytics solution that enables optimization of network performance using real-time network performance 

information.
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5. Openet 

Background and focus Openet has provided mobile operators charging and policy solutions for data services since 1998, which have expanded from the initial support for 

basic texting and roaming, to include support for innovative service and charging models, personalized services, and real-time policy. In this context, the addition of Wi-Fi-

based access and services is a natural extension to Openet solution initially focused on cellular services. 

Solution Openet solution to integrate policy and charging for Wi-Fi and cellular relies at its center on the Openet platform that includes Convergent Mediation, a Policy 

Manager, Evolved Charging, and an Interaction Gateway, and that ensures consistency of service and policy across cellular and Wi-Fi networks. To support Wi-Fi 

integration, Openet has developed an ANDSF Server that is included in the Interaction Gateway, and that is 3GPP compliant – and hence can interoperate with third-party 

ANDSD clients in the mobile devices. To accelerate the introduction of ANDSF functionality, Openet has also introduced an ANDSF client that can be installed in mobile 

devices directly by the operator or by subscriber download. Openet offload solution makes it possible for operators to bundle Wi-Fi with their data plans, offer tiered 

Wi-Fi access and Wi-Fi roaming, and ad-hoc prepaid Wi-Fi access for occasional users. 

Ecosystem Openet clients are mobile operators worldwide, but it has established partnerships with core-network equipment vendors, system integrators and providers of 

complementary solutions in traffic and policy management, video optimization, DPI and policy enforcement. 

Future The integration of policy and charging 

across Wi-Fi and cellular networks is still in a very 

early stage and Openet’s opportunity to help 

operators to exploit this opportunity to optimize 

the use of network resources, monetize the 

investment in the network infrastructure, and 

support new services and better QoE is still largely 

untapped. One the first priorities it to assist 

operators implement ANDSF, which is enables 

operators to treat Wi-Fi as a fully-integrated RAN 

technology and, hence, extend the integration to 

core functions such as policy and charging. In 

turns, this allows operators to move to what 

Openet calls intelligent offload, which uses real-

time network information and policy to use 

context to guide network selection.   
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6. SpiderCloud Wireless 

Background and focus Since it was founded in 2008, SpiderCloud had a clear 

focus on supporting the wireless connectivity needs of the enterprise, working 

both with operators and their enterprise partners. SpiderCloud is more than a 

small-cell equipment vendors: it has developed a platform for mobile 

operators to provide access to enterprise subscribers, but also to integrated it 

manage it within their network. Within the small-cell enterprise RAN, Wi-Fi fits 

seamlessly as an additional wireless technology that can be integrated within 

the operators’ cellular network, and that enables the mobile operator of 

offload traffic from the cellular network. 

Solution The SpiderCloud E-RAN platform includes multiple elements that 

form a scalable multi-access RAN network that is typically managed by a 

mobile operator: 

 SpiderCloud Radio Nodes (SCRN) that support multiple interfaces (3G, LTE 

and Wi-Fi). The Radio Notes use Ethernet backhaul and PoE and hence can 

use the existing enterprise infrastructure, making it easy and inexpensive 

for the mobile operator to deploy it. The small cells support up to 32 voice/data channels over 3G, and more over LTE and Wi-Fi. The Wi-Fi interface uses both the 2.4 

GHz and 5.8 GHz band, support 802.1x, up to 16 SSIDs and roaming functionality. 

 Service Nodes that can support up to 100 Radio Nodes which combine the functionality of a 3G RNC, an LTE gateway, and a Wi-Fi controller.  

 SpiderNet sits in the mobile core network and is a configuration, fault and performance management system that enables operators to manage multiple E-RANs from 

a centralized location, and integrate cellular and Wi-Fi functionality from the E-RAN into the mobile core. 

Ecosystem SpiderCloud clients are mobile operators deploying cellular networks in the enterprise (including both public venues and locations serving enterprise staff), but 

it also works closely with the enterprises where its solution is installed, and with equipment vendors and system integrators.

Future The growing demand from the enterprise to be better connected and from the mobile operators to establish stronger links with the enterprise create an attractive 

opportunity for solution providers with an enterprise-focus such as SpiderCloud. We expect SpiderCloud to refine its solution along the path it has established to add 

functionality in a platform that provides a balanced mix of operators and enterprise requirements and expectations.
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7. Wi-Fi Alliance 

Background and focus The Wi-Fi Alliance was established in 1999 as an industry and service-provider association 

to promote Wi-Fi technology and to develop a certification platform that ensures product interoperability across 

vendors. With about 600 members, the Wi-Fi Alliance has expanded its scope from supporting fundamental 

WLAN connectivity, to include security, multimedia, voice, QoS and mobility capabilities through a highly-

respected certification program and the development of specifications that support functionality not included in 

IEEE 802.11 or 3GPP standards. The Passpoint specifications and certification program are a crucial enabler for 

the development of carrier Wi-Fi that was developed with industry-wide support and that operators worldwide 

have embraced. 

Solution The Wi-Fi Alliance offers multiple certification programs that provide fundamental functionality to 

enable Wi-Fi in mobile devices. But it is with Passpoint that the Wi-Fi Alliance more directly addressed the 

requirements of mobile operators to deploy carrier-grade Wi-Fi and to welcome Wi-Fi as a fully-fledged RAN 

technology that does not compete, but complements cellular technologies. Passpoint enables automatic 

network discovery and selection and seamless network access to subscribers either through SIM-based or other 

authentication methods, ensuring a level of security that is comparable to that available in mobile networks. 

Ecosystem As an industry organization, the Wi-Fi Alliance has over the years been a main reference 

point in the ecosystem and created a powerful brand for Wi-Fi. The certification programs it 

administers have played a key role in establishing the type of interoperability that make it possible to 

gain the confidence among vendors and users alike that eventually led to the ubiquitous availability 

of Wi-Fi in all mobile devices and in an increasing number of CE devices.  

Future The expected rapid adoption of the Wi-Fi CERTIFIED ac, the new Wi-Fi interface that increases 

throughput and performance, will further encourage the use of the still-underused 5 GHz band, will 

make the use of carrier Wi-Fi and Wi-Fi offload more compelling to mobile operators and encourage 

the integration of Wi-Fi and cellular networks both in the RAN and in the mobile core. Passpoint 

Release 2, expected during 2014, represents the next milestone in the expansion of carrier Wi-Fi 

capabilities, as it establishes a solid foundation to integrate policy across Wi-Fi and cellular networks, 

thus enabling mobile operators to offer consistent services across cellular and Wi-Fi networks.
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Monica Paolini. Good afternoon, and welcome to 

this conversation with Finbarr Coghlan, VP of 

Product Management at Accuris Networks. I am 

Monica Paolini, with Senza Fili. This conversation is 

part of our report on Wi-Fi and cellular integration. 

Finbarr, Accuris Networks comes from an 

interesting background, dealing with all the 

challenges of cellular roaming. Maybe you can tell 

us a little bit about what it is that you do. 

Finbarr Coghlan. Accuris Networks has a history in 

providing roaming solutions, with our customers 

being mobile service providers, and we’ve been 

doing that since the mid ’90s. 

Accuris Networks, as a company, dates from 2004. 

We’ve been providing roaming and interworking 

solutions that allow mobile service providers to 

integrate networks together, so that their users 

have a seamless roaming experience irrespective 

of the geography they’re in, or the technology 

that’s needed to give them particular service in 

particular visited networks. 

Our flagship product is called AccuROAM. 

AccuROAM provides an inter-standard and inter-

network solution that allows the mobile service 

profile, the mobile service identity, and the key 

mobile value-added services that end users enjoy 

to be experienced on mobile technologies, 

irrespective of the visited technology versus the 

home technology.  

We’ve been using Wi-Fi as a technology domain 

since around 2005. We were members of the 

MobileIGNITE community, with a focus on SIP-

enabled services for Wi-Fi and voice over SIP, voice 

over Wi-Fi, messaging using SIP over Wi-Fi, and 

voice-call continuity solutions. 

We found ourselves, with that kind of background, 

ready to enable the service user to roam into Wi-Fi 

and have a seamless experience doing it. When 

the iPhone launched in 2007 with its focus on 

Wi-Fi we were ready to provide a seamless service 

experience for end users. 

Monica Paolini. Connecting to an open Wi-Fi 

network is not that difficult, but roaming is 

challenging. You could argue that it’s more 

challenging than cellular roaming, because cellular 

is much more homogeneous across networks, but 

when you get to Wi-Fi, you’re dealing with 

different types of operators – fixed, mobile, you 

name it – in different locations. 

Finbarr Coghlan. That’s exactly right. You have a 

number of natural causes of that complexity. Wi-Fi 

is a different technology and a different market 

than the world of mobile. Wi-Fi is unlicensed. 

Mobile is licensed.  

The end user’s experience of mobile data has 

always been seamless, comfortable and natural, 

because it’s been a case of a home service 

provider’s subscriber roaming onto one of a small 
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number of visited network providers, all using the 

same technology, or at least agreeing, through 

strict and openly published standards, on the 

means by which the end user goes onto those 

different technologies.  

Wi-Fi, as you say, has been provided by a variety of 

different service providers, in an open market in 

which entrants can join in as they wish, and the 

end users ends up getting quite confused as to 

which service provider they should get onto. That’s 

been a difficulty for Wi-Fi roamers. 

Another difficulty has to do with what they will be 

charged, if at all, when they are Wi-Fi roaming, and 

how that will interplay with their existing home 

service package.  

A third has been the whole fracturing of the user 

identity and the user trust in the service provider, 

both visited network and home service provider 

network. 

These things have made Wi-Fi roaming more 

complex, as you say. It has made it more difficult 

to provide a global Wi-Fi roaming experience to 

the end user and, indeed, to have Wi-Fi operators 

agreeing with one another on how to put that 

together. 

We think that nowadays the story is improving a 

huge amount. The Wireless Broadband Alliance, 

where the mobile operators and Wi-Fi operators 

come together and discuss how roaming can take 

place and agree on some practices, has made 

some great strides in the last couple of years. In 

Accuris Networks, we’re very supportive of that. 

We take part, to a great extent, in the workings of 

the Wireless Broadband Alliance, and we think 

that now is the time for Wi-Fi roaming to really 

come into its own. 

Monica Paolini. As you mentioned, there is a big 

scope for industry-wide and standards-based 

approaches, but there is a lot of work that needs 

to be done, trying to customize those approaches 

to work with what different operators and service 

providers have. Can you tell us about how you 

help service providers in this respect?  

Finbarr Coghlan. At Accuris Networks, we’ve 

always been heavy proponents of standards-based 

approaches. We’re a small, innovative company. 

We rely on agreed standards and agreed practices 

so that we don’t have fractured solutions in the 

marketplace. Yet, at the same time, because we’ve 

dealt with mobile service providers for so long, we 

recognize that it takes some time for the new 

standards to filter and percolate into the 

marketplace. So you need a mechanism to go from 

the here-and-now generation of market, business 

and technology to the next generation. 

We are heavy proponents of carrier Wi-Fi, 

whereby Wi-Fi networks, Wi-Fi services, and Wi-Fi 

devices have some capabilities that would be quite 

familiar to the mobile service provider community, 

in terms of enabling users to securely access and 

automatically access the right Wi-Fi networks and 

then have a full end-to-end service experience. But 

we believe that you need to move to carrier Wi-Fi 

in small steps, so that you can go from the current 

Wi-Fi and Wi-Fi roaming towards the more 

integrated and richer next generation of Wi-Fi 

capability and integration with mobile. 

This graphic [see next page] depicts the 

AccuROAM deployment model. On the left-hand 

side, we have Wi-Fi–capable mobile devices. There 

are two broad sets of capabilities in the Wi-Fi 

world today. One is open Wi-Fi. It uses 802.11 

Wi-Fi technology, and it allows users to, more or 

less ad hoc, access Wi-Fi networks. It’s designed 

for ISP users to walk up to a Wi-Fi network, to fill 

out a log-in form, and to join a Wi-Fi network, with 

their ISP log-in and password authenticated by 

their home provider, and with some kind of 

interworking or Wi-Fi settlement arrangement 

between the visited Wi-Fi network and the home 

service provider. 

The top user there is in is a Wi-Fi network of this 

type that allows users to have an automated 

experience of Wi-Fi. The software on the device 

chooses the right Wi-Fi network so that they enjoy 

bundled Wi-Fi for roaming or free access, or a 

service-provider priced and marketed access for 

Wi-Fi. 

There you see that, with AccuROAM, we have a 

Wi-Fi client that appears as an online-store 

downloadable app. They can use that application 

to automatically find the right Wi-Fi network. 

Then, having done so, it logs them in to that Wi-Fi 

network. 

This visited Wi-Fi network sees that user just as a 

straightforward username-password signed-on ISP 

account. With the AccuROAM server performing 

the role of authentication and access controller, 
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Wi-Fi can interwork with the mobile core. It can 

determine that, yes, indeed, the user has a mobile 

subscription. Yes, indeed, the user has the right 

service policy, and indeed, the user credit to allow 

them to have Wi-Fi roaming service. 

That’s how we provide, from end user towards the 

mobile service core, a fully integrated and 

seamless experience from an end-user point of 

view of Wi-Fi access – and then, from a service 

control point of view, a mobile-centric form of 

Wi-Fi access from the mobile operator’s point of 

view.  

Carrier Wi-Fi is taking us – and it’s already started, 

by the way – towards 802.1x Wi-Fi technology, 

which allows for a much stronger identification of 

the user and, crucially, it provides for air 

encryption and secure Wi-Fi access across that 

Wi-Fi link. 

A lot of modern-day Wi-Fi networks are taking on 

802.1x as their mode of Wi-Fi access. The benefit is 

that you don’t need a username-password sign-on 

as your identification. You can go ahead and use a 

mobile-subscription identification. 

That’s done with technology known as EAP, 

specifically EAP-SIM and EAP-AKA. We support 

those types of mobile access. Our AccuROAM 

server is the EAP-SIM and EAP-AKA gateway to the 

user when they’re on that Wi-Fi access. But again, 

the AccuROAM server can play the role of checking 

mobile service profiles, checking mobile credit 

control, as well as, indeed, just checking the 

mobile service authentication. That’s the first step 

we see towards carrier Wi-Fi. 

Monica Paolini. This is quite interesting because 

Wi-Fi was not initially part of a carrier technology. 

It’s just evolving to become one. Operators are still 

working with a type of offload that is very simple. 

They’re moving towards an integration with 

cellular. 

Integration gives them a lot of features, but also 

increases the complexity in the network. What do 

you see as the tradeoffs there?  

Finbarr Coghlan. This is not a new situation and it’s 

not unprecedented. When we look at new 

generations of mobile access technology, we’ve 

always seen that the new technology comes in as 

an overlay to the existing generation of services 

and capabilities. We see that carrier Wi-Fi will do 

much the same. 

That’s one of the things that we like to promote in 

Accuris Networks. Rather than going from some 

kind of step change between the open Wi-Fi 
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technology that exists today and carrier Wi-Fi 

technology that is being built right now, we can 

accommodate both. 

Now, it turns out that the Wi-Fi access 

technologies, the Wi-Fi access points, the wireless 

LAN controllers that are being deployed in order to 

put these networks together, they can, in parallel, 

support both modes. That’s important from the 

point of view that you have a lot of users with 

existing devices, existing accounts and existing 

service profiles working on open Wi-Fi. They can 

be served, and at the same time, so can the new 

generation using 1x technology for secure access. 

The next step on, in terms of carrier Wi-Fi, is 

Passpoint. Passpoint enables the user to be 

automatically steered and automatically put onto 

the appropriate visited Wi-Fi network, very much 

like how mobile data roaming and preferred 

roaming is done today – mobile data steering, for 

example. Passpoint does that for Wi-Fi, and it does 

it in a way that’s broadly agreed in the industry. 

That’s our next step on. We see 1x networks 

overlaying on open Wi-Fi networks. We would see, 

indeed, Passpoint networks overlaying on 1x 

networks. All the while, there’s an incremental 

story and a step-by-step story by which the mobile 

service provider, or indeed, any service provider 

can start to introduce these services to their users. 

They don’t lose their legacy users. Rather they 

upscale their offer from the legacy here-and-now 

generation of things towards a finer service, a 

more seamless service and a more policy-oriented 

service, a service that gives users what they want 

when they want it, as they need it. That’s the main 

thrust of providing this carrier Wi-Fi service along 

with the open Wi-Fi. 

In the broader strategy for mobile service 

providers carrier Wi-Fi is beyond debate 

nowadays. Mobile service providers, I think, 

broadly agree that they need to blend Wi-Fi with 

3G technologies and indeed with the 4G and 4.5G 

technologies. 

We’re seeing Wi-Fi capability being incorporated in 

3G and 4G small-cell technology, and being 

combined with those technologies for operational 

cost reasons, as well as end-user experience 

reasons. 

Monica Paolini. You said there is a lot of work, but 

it’s gradual, so operators can pace themselves, see 

what they need in their own market. 

One of the interesting aspects of Passpoint, 

besides authentication, which is clearly crucial, is 

the work on policy. You have the policy in the 

mobile core and the Wi-Fi policy, and they need to 

work together. Can you tell us how you see that 

moving along? 

Finbarr Coghlan. Passpoint adds on to that 1x 

technology a capability that’s known as ANQP, 

Automated Network Query Protocol. There’s an 

IEEE standard for this, IEEE 802.11u. 

That’s important, because it means that the device 

manufacturers, the Wi-Fi equipment providers, 

and indeed, the network operators and service 

providers, and the enablers of those, which include 

Accuris Networks, all agree on how we are going 

to allow users to be automatically given preferred 

roaming to individual Wi-Fi networks. 

ANQP is all about providing a means to determine, 

which ones among the many different choices of 

visited Wi-Fi networks available make sense for 

the user to be accessed. It can go as far as looking 

at a particular service profile for an end user and 

deciding which Wi-Fi network makes the most 

sense for that user. ANQP we see as a very 

important step in this whole story. 

I mentioned earlier that network selection is one 

of the key gaps in current Wi-Fi behavior that 

disable Wi-Fi roaming or slows down Wi-Fi 

roaming for the moment. Mobile data roaming has 

been very successful from the point of view of the 

seamlessness of the end-user experience. ANQP 

does give the end user that seamless, no-click-no-

headache experience of which Wi-Fi network is 

the right Wi-Fi network for them to attach to. 

The user ends up with the best of worlds. They end 

up with a very cost-effective broadband access 

through Wi-Fi, because Wi-Fi does open a new 

door in terms of visited-network cost control and 

therefore competitiveness. At the same time, it 

takes away that complexity that you talked about 

at the start and that people have experienced with 

Wi-Fi networking. The amount of choice that you 

get among unlicensed operators has a flip side, 

which is that complexity. 

With ANQP, you do take away a lot of that 

headache from the end user. That’s the first step 

in that policy story that you talked about.  
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The next stage on is coming with Passpoint and 

Release 2, and there’s a number of IEEE standards 

underpinning this work for Passpoint. 

The next phases of Passpoint are about including 

more and more fine-grained control of policy, and 

the end user’s experience arising from that policy. 

You will get to the point where individual grades of 

service can be chosen so that you can access a 

Wi-Fi network and ask for a particular Wi-Fi grade 

of service, so that you could do things like carry 

toll-grade voice or high-definition video on Wi-Fi 

without worrying about the possible loss of service 

quality. 

With those kinds of generations of Passpoint, 

service providers will be able to give their 

customers different values and different grades of 

Wi-Fi access service, all under a coherent policy 

control, and all tariffed and priced in a manner 

that makes sense and is easily understood by the 

end user. The end user can potentially decide to 

buy a gold, silver, or bronze service standard, and 

they’ll get the appropriate service that they expect 

because of that purchase. 

Monica Paolini. That’s going to be a very powerful 

tool for operators that want to monetize the 

network, because if you don’t have the tools, it’s 

very difficult to charge unless you can provide a 

differentiation for the subscribers? 

Finbarr Coghlan. There are a number of 

monetization models, some of which are about 

free Wi-Fi to the consumer, but something with 

regard to the bundling of that Wi-Fi with mobile 

data that monetizes it. Or there are models where 

the user gets free Wi-Fi, but in fact it’s the venue 

provider or retailers within the venue provider’s 

coverage area who effectively monetize that. 

But they’re all underpinned by a certain expected 

grade of service from the end user’s point of view. 

One of the issues with current “free Wi-Fi” – and I 

wanted to put air quotes around the “free Wi-Fi” – 

is that you will get ad hoc Wi-Fi. First of all, users 

have to find it for themselves. Secondly, there’s no 

guarantee of the quality of the service that they’ll 

get. If the user is OK with that, that’s what they’ll 

get. 

Then, on the other end of the spectrum, the user 

might expect to be able to make voice calls or 

video calls, for instance. They do need a certain 

grade of Wi-Fi in order to allow for that and that 

Wi-Fi must be monetized. Even if the user is paying 

nothing for that grade of service, somebody in the 

chain must monetize that Wi-Fi. 

We believe that these technologies that I’ve 

mentioned – Passpoint and the integration of 

those in small-cell environments with LTE – will 

help to monetize the Wi-Fi. 

Monica Paolini. If we were to look at the next five 

years, it looks like there is a lot of work needed to 

integrate cellular and Wi-Fi to really get carrier 

Wi-Fi rather than free Wi-Fi. What do you think the 

evolution is going to be? What’s going to happen 

first?  

Finbarr Coghlan. I think the project that’s under 

way from our viewpoint seems to be about making 

Wi-Fi come into the fold of mobile data and in as 

seamless a manner for the end user as possible, all 

the while allowing the mobile service provider to 

use Wi-Fi where it makes sense, use mobile data 

and LTE where it makes sense – and all of that 

being around the broad area of optimized service 

operation on the one hand and a seamless user 

experience on the other. 

Subscribers are high consumers of data and are 

increasingly hungry consumers of data, and what 

we’re doing is simply providing them that wireless 

data. You can use direct access and architectures 

that directly connect them to the Internet through 

the Wi-Fi network to manage most of their service 

requirements right now. 

We see that that’s the project that’s under way 

right now. The issue will be to include analytic 

information from the device and the service, which 

are about understanding what your users are 

trying to do with that data access at any given 

time, and then giving them the right data access 

and the corresponding grade of connectivity in 

order for them to get end-to-end service.  

The next project on is to introduce that policy-

based and more integrated experience of Wi-Fi 

with mobile data. There are different technical 

architectures and different business models 

starting to shake out in the industry in order to 

make that happen. 

You would then see that gold, silver or bronze 

service capability that I talked about earlier. The 

end user would be able to say, “Well, in fact, I have 

particular services, such as voice over Wi-Fi, or 

video interaction over Wi-Fi, where I want a 
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particular grade of service.” We already are 

starting to see capabilities on the devices, in the 

access infrastructure, and in the core networks 

that enable, service by service, the choice to be 

made. 

The end user could use a given Wi-Fi access for 

ordinary Internet browsing, a different style of 

Wi-Fi access for end-to-end grade of service and 

quality control of that Wi-Fi access, and indeed an 

intelligent switch between Wi-Fi and mobile data 

for the case where they have core services in the 

mobile data network and they need to use the 

mobile data network to access those services. 

We would say that that would be the next step on: 

an intelligent choice of the types of Wi-Fi, or 

indeed, Wi-Fi plus mobile, and to enable all that. 

The next step on would be to have a fully seamless 

experience even at the session level, so that if an 

end user happens to use Wi-Fi to start a video call 

or experience high-speed and high-definition 

video, as they move from that Wi-Fi coverage 

towards LTE, they experience no service 

interruption, no session interruption whatsoever. 

There are solutions here and now which take 

advantage of application-level capability to do 

things like buffering to avoid sessions to get 

interrupted. But the real innovation is when the 

networks organize these things for themselves and 

the applications don’t have to worry about those 

sources of service snags or service frictions. Then 

the applications can get much more innovative 

without having to worry about the potential loss of 

service grade or connectivity. It’s in these four 

stages that we see the evolution of Wi-Fi into what 

people are calling full carrier Wi-Fi. 

Monica Paolini. That’s fascinating, because there 

are a lot of opportunities there for the coexistence 

of the two technologies. Finbarr, I would like to 

thank you very much for sharing your thoughts 

with us. It was a pleasure talking to you. 

Finbarr Coghlan. Thank you, Monica. 

Monica Paolini. I would like to remind our 

audience that this is part of a report on Wi-Fi and 

the cellular convergence that is available on our 

website, at www. senzafiliconsulting.com.  

Glossary 

1x IEEE 802.1x 
AAA Authentication, authorization and 

accounting 
ANQP Automated Network Query 

Protocol 
AuC Authentication center 
CSCF Call Session Control Function 
Cx Interface between the CSCF and the 

HSS 
DHCP Dynamic Host Configuration 

Protocol  
DNS Domain name system 
EAP Extensible Authentication Protocol 
EAP-AKA EAP - Authentication and Key 

Agreement 
EAP-SIM EAP - Subscriber Identity Module 
GGSN Gateway GPRS support node 
GPRS General packet radio service 
GTP GPRS Tunneling Protocol 

Gx Interface between PCEF and the 
PCRF  

Gy Interface between OCS and PCEF 
Gz Interface between PCEF and OFCS 
HLR Home Location Register 
HSS Home subscriber server 
HTTP Hypertext Transfer Protocol 
IEEE Institute of Electrical and 

Electronics Engineers 
IP Internet protocol 
IPsec IP security 
ISP Internet service provider 
LAN Local area network 
LTE Long Term Evolution 
MAP Mobile Application Part  
MMSC Multimedia Messaging Service 

Centre 
NAC Network Access Controller 
OCS Online charging system 
OFCS Offline Charging System 
PCEF Policy and charging enforcement 

function 
PCRF Policy and charging rules function 
PDG Packet Data Gateway 
PLMN Public land mobile network  
RADIUS Remote Authentication Dial In User 

Service 
SIP Session Initiation Protocol 
SMSC Short Message Service Center  
SSL Secure Sockets Layer 
VPN Virtual private network 
TTG Tunnel Termination Gateway 
WISPr Wireless Internet Service Provider 

roaming 
WLAN Wireless local area network 
WPA Wi-Fi Protected Access 
Wx Interface between the AAA server 

and the HSS 
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Monica Paolini. Welcome to this conversation 

with Torbjörn Ward, CEO of Aptilo Networks. I am 

Monica Paolini from Senza Fili, and this is a 

conversation for the report on Wi-Fi and cellular 

integration. 

Torbjörn, Aptilo Networks has been working on 

Wi-Fi for quite a long time, twelve years. There 

was not much carrier Wi-Fi or cellular integration 

back then. Can you tell us about what you’re doing 

in this space? 

Torbjörn Ward. When we started out, just like you 

said, there wasn’t much of Wi-Fi really going on. It 

was, in sort of an inconvenient way, when people 

had to insert special Wi-Fi cards into their laptops, 

and they stopped working after 30 minutes or so. 

But what we felt was that there was a good, 

interesting market trend going on in terms of 

broadband becoming ubiquitous; we knew that 

Wi-Fi was going to get built into devices. We 

figured, what happens if you actually start 

deploying thousands, tens of thousands of these 

little access points, and actually look at it from a 

business model where an operator runs this? 

We figured there was no good product to pull that 

kind of network together, and that’s the role we 

wanted to build: to give the operators a tool to 

manage and pool all these Wi-Fi networks, and 

make a business out of it, integrate it into their 

existing offerings. That’s what we started out 

doing, and we’ve been keeping very true to that 

path all these years. 

Monica Paolini. You’ve been working for a long 

time not only on solutions for devices that have 

SIM-based authentication, but also for devices that 

do not have SIMs. Why do we care about devices 

that do not have a SIM, and how easy is it for 

devices without a SIM to be on the network? 

Torbjörn Ward. Well, first of all, the devices that 

do not have a SIM were there first. So when it 

comes to Wi-Fi devices, it used to be really only 

Wi-Fi–only devices, without a SIM card.  

If you have a smartphone with a SIM card, it can 

be extremely simple to get it working on Wi-Fi. The 

great tool for that is the SIM card, which of course 

was invented for the 3G GSM networks. But since 

it entails and contains the credentials for you as an 

individual, the user, the software in that 

smartphone can grab that and send that through 

to the Wi-Fi network. 

If they do that automatically, which is really 

prescribed now, in standards from 3GPP and in 

other different ways, we can grab those kinds of 

credentials on the Wi-Fi network, and look into 

databases and policies. But the key thing is that 

this process can be completely seamless for the 

users, so the users do not have to do anything. 

Many devices still do not have a SIM card. Laptops 

don’t have any slots for SIM cards. Many tablets 
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and other devices are Wi-Fi only. And having a 

subscription with the mobile operator, you still 

want to be able to use all these devices within 

your plan. 

That’s why it’s so important that we can recognize 

these devices, we can see where they are, we can 

understand how to connect them to the right user, 

and then connect them with the right policies in 

the Wi-Fi network. 

Monica Paolini. For the operator too, this is a good 

way to reach devices, like Wi-Fi–only tablets, that 

have been largely out of reach. 

Torbjörn Ward. It is. A year ago or so, when we 

were talking to mobile operators about devices 

that do not have a SIM card, many didn’t really 

think about it. In their world a subscriber is a SIM 

card.  

Then they started to realize, “Yeah. You’re right. 

Families have a lot of other devices when they’re 

on vacation, and users have several different 

devices,” and to include all these other devices is 

an interesting thing to think about, how you can 

do that in the best possible way. 

Monica Paolini. One thing about Wi-Fi is that there 

are a lot of security mechanisms available, but not 

always used. How do you address this issue? 

Because obviously, you have a mobile device, and 

it uses both Wi-Fi and cellular, so there are a lot of 

security issues. You want to have, ideally, the same 

security over Wi-Fi and cellular. 

Torbjörn Ward. It’s true. If you do have a device 

that can make use of the SIM card, then those 

credentials are used for the authentication, but 

then also the Wi-Fi connection is encrypted over 

802.1x, a technology originally driven from the 

enterprise world. It’s a fully enterprise-class 

encryption of the wireless path. 

But it doesn’t have to be a SIM card triggering that 

encryption. You can actually use what’s called EAP 

TTLS and TLS, which are either certificate-based or, 

maybe better, username/password-based. Those 

username/password–based ways can still trigger 

the 1x encryption. 

You can trigger that with SMS one-time 

passwords, and send a PIN that you enter as the 

username and password. The key thing is to get 

onto the bandwagon of 802.1x encryption, so that 

users feel that they’re securely connected to the 

Wi-Fi. 

Monica Paolini. You also facilitate the connectivity 

from the device to the network by keeping track of 

multiple devices. As you were mentioning before, 

it’s becoming a standard scenario. You have 
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multiple devices and you need the network to 

remember who you are throughout sessions. 

Torbjörn Ward. That’s right. We have many ways 

to do this, depending on what the operators have 

in the network today and what their security 

policies are. 

For instance, you can have one way if the operator 

has a business model in which they want to 

include, for their gold customers, five or ten Wi-Fi–

only devices, but it’s going to be virtually free of 

charge, it’s not going to be counting toward a 

monthly quota. Then you can be a little bit less 

particular about how they authenticate, and just 

periodically authenticate these Wi-Fi–only devices. 

You can enable them and do MAC address 

authentication. Then a little bit more seldom, 

periodically check that the user is still a valid 

subscriber. 

In other business models, you’ll see the operator 

applies Wi-Fi use as part of the overall data 

allocation, taking bites out of the total allotted 

quota. It doesn’t matter if you are on 3G or Wi-Fi; 

we as an operator are providing you with Internet 

connectivity, and that means it’s going to get 

counted against your quota. Then you have to be a 

little bit more cautious about how you 

authenticate the additional devices, and how you 

make sure that the actual charging and data usage 

is really correct. 

Monica Paolini. This allows the operator to mix 

different models for traffic control and charging. 

Most operators are still experimenting with 

different models. What do you hear in terms of 

where we might be going? There’s a lot of talk on 

monetization. How do you see that happening? 

Torbjörn Ward. Well, monetization is an extremely 

crucial part. Of course, everybody in this industry is 

pressured by monetization or trying to increase 

ARPUs. I think when it comes to Wi-Fi, there have 

specifically been a lot of questions about how can 

you get more revenues out of it. 

One way we see operators are doing this is by 

enabling Wi-Fi access in a smartphone to their Wi-

Fi network. If you have a single smartphone 

subscription, maybe you can get Wi-Fi as part of 

that, but the additional five devices or the 

unlimited use of Wi-Fi is something the operator 

may offer only on gold plans, and it’s something 

that may get bundled in with corporate VPN, other 

security features, or a couple of other things, and 

then you may charge an extra $10 for it. 

If you’ve got $50 in ARPU for a general 3G data 

service, then $10 extra is a 20% increase in ARPU. 

That’s really important. 

Of course there are also revenues from roaming 

and nomadic users. If you build a larger Wi-Fi 

network, you can let others make use of that Wi-Fi 

network, and that’s going to bring you additional 

revenues. 

But there is also the cost savings you can get in 

terms of not having to dimension the 3G and LTE 

systems for the peaks, specifically for stadiums and 

other areas that are extremely dense in terms of 

user population. 

Then if you manage to do this bundling of Wi-Fi 

and normal mobile services, you get loyalty. You 

get churn reduction. There’s a very clear impact on 

customer acquisition costs.  

Monica Paolini. And that is increasingly important, 

because Wi-Fi is moving beyond the traditional 

hotspot. How do you see the transition to wider 

coverage areas, and how are you supporting that 

transition? 

Torbjörn Ward. One way of moving beyond the 

normal hotspots is, of course, getting into the 

enterprise area. One of the most key 

developments going on right now is maybe 

operator-provided enterprise services. 

You can argue how much market share is 

operator-provided enterprise offerings today, but 

it certainly is very important to a lot of operators. 

Many large operators are doing a lot to broaden 

their offerings to the enterprise.  

As part of doing that, it is for the SMB market, 

sending out a package to the gateway that will 

help them with security, with Wi-Fi and Internet 

connection. As part of that, you can also give them 

a good way of connecting Wi-Fi and maybe giving 

guests Wi-Fi, or maybe even more importantly, 

support BYOD offerings. 

For the SMB market, you can do all of this in one 

box, and it can be provided by the operator. That’s 

one way of getting into the enterprise market. 

Monica Paolini. Then there is the other big 

market, which is the home. That also can be 
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opened to support public access, for instance using 

the Fon model? 

Torbjörn Ward. Yes, it’s an extremely interesting 

area. We have more than 90 service providers 

doing carrier-class Wi-Fi services and many are 

looking to expand into this area which we refer to 

as “homespots”, and operators are looking for this 

in their RFPs. 

To give an example, one of our key customers in 

South America is Oi in Brazil. They have more than 

500,000 residential gateways, or homespots. It 

doesn’t necessarily have to be exactly the FON 

model, but the idea of an operator sending a box 

that is used for either the SMB or the home 

residential broadband, and that at the same time 

also enables the Wi-Fi for, so to speak, the 

homespot community, is an extremely interesting 

one. 

It does require a very good backbone, though, or a 

smart way of handling the priorities. You have to 

communicate it correctly to your customers, so 

people don’t feel like somebody’s stealing their 

bandwidth. It has to be very clearly 

communicated: “You have the priority whenever 

you need it. It’s there for you. But there are a lot of 

times when you don’t need it to its full extent, and 

all of these things will be collectively connected 

together and used for other uses.” 

Monica Paolini. Wi-Fi, in many countries, accounts 

for more than 50 percent of usage of mobile 

devices. Wi-Fi is no longer at the edge, it has 

become a central part of the infrastructure and of 

the usage model for subscribers. 

How do you integrate Wi-Fi with the network in 

terms of policy and charging? How do you glue the 

two components together?  

Torbjörn Ward. This is one of our specialties. 

You’re very right, you have to do this. You have to 

integrate policy and charging for the Wi-Fi services. 

It is a combination of several things. For instance, 

3GPP specifications work fine with maybe one out 

of the eight use cases or so – with pure 

smartphones, pure SIM models and then a certain 

way for how it can be charged and billed. 

We go beyond this. When people are 

authenticated and we understand what that 

device is, and who it is, and what it’s going to be 

used for, etc., we start to look into how we can 

best integrate Wi-Fi access in terms of 

authentication, policy and charging. 

If it is a device with a SIM card, of course, it will be 

authenticated, but then the next step is, “How do 

you check on the policies?” And this depends on 

the operator to some extent. 

We go into different types of databases and 

systems, with different kinds of policies. It’s really a 

federation of policies. There may be one big set 

somewhere in an HLR about whether this Wi-Fi 

roaming is allowed, but then you have to go into 

another system to pull out other things. And, after 

that, you also have to go into the prepaid system, 

look at how much data is left in the quota, and 

make sure you can charge it correctly. 

This is if you want to integrate it fully at the 

beginning. Many other operators are actually 

asking us to have policy and charging in our system 

as an adjunct for Wi-Fi in the beginning, because 

just like you said, many are experimenting. They 

don’t want to go ahead and modify things right off 

the bat in their existing network.  

But if they do want to modify things, of course, 

they want to keep the modifications to the existing 

network as low as possible. So one of our key 

differentiators is that we can add and integrate 

policy and charging for Wi-Fi without doing open 

heart surgery on their existing network. 

We can federate policies. We understand how to 

do it for different kinds of devices and different 

kinds of subscriptions. You can maintain a Wi-Fi 

use model in our system, and then sometimes just 

go in and check with the existing network and 

sometimes we do full integration, depending on 

where the operator is in the life cycle of its Wi-Fi 

service. 

Monica Paolini. I guess it’s crucial to do this well, 

because you need to maintain consistency when 

subscribers use Wi-Fi. So in the core, Wi-Fi and LTE 

are treated differently, but the subscriber wants 

the same experience. It’s a little bit of a tough 

balancing work there. 

Torbjörn Ward. Yes, we hear many operators say, 

“We just bought a brand new PCRF, and we want 

to enhance and use that as much as possible.” And 

we say, “That’s absolutely great. No problem.” We 

will integrate with the existing policy and charging 
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server, and we will make sure we use that as much 

as possible. 

Almost always, the core service a mobile operator 

has is built around SIM users, and Wi-Fi–only 

devices do not have an identity, of course, because 

these devices don’t have a mobile number or 

anything like that in the policy and charging 

database. 

Other operators say, “Well, I bought a PCRF or I 

got one almost for free from one of my network 

suppliers. It doesn’t do that many elaborate things. 

It’s there, but I don’t think it can be used for Wi-Fi. 

You guys are going to have to be my Wi-Fi PCRF.” 

And then we take on that role for them. 

There’s a lot still settling in the industry about how 

this is going to be done, but we seem to be mostly 

the adjunct, either where we retain most of the 

intelligence about the Wi-Fi network, or where we 

ping into the existing core network where most of 

the identities are and then we translate the Wi-Fi 

world into that existing one. It seems to be going 

one of those two ways. 

Monica Paolini. You’re doing more than just 

selling a solution package to the operator. Can you 

tell us how you see your position in terms of both 

differentiation and what you do when you work 

with an operator? 

Torbjörn Ward. One of the key things 

differentiating us is experience, and we’ve noticed 

this becoming an extremely crucial part of the 

operation. Our customer may be at phase one out 

of a three-phase project, and the operator says, 

“This is how much we want to do in phase one, but 

we’re not 100% sure about phase two and phase 

three.” 

You can always find a couple of different vendors 

that can do exactly what you want to do in phase 

one, but in phase two and phase three you’re not 

sure, so you need to build a trust with the operator 

and demonstrate that we have the future-proof 

technology to move forward. 

We do that by showing the operator what we’ve 

done for other deployments. There might be 50 or 

60 features, and one operator is making use of 10 

or 12. But they can see the other 30, 40 features, 

and they can see that they’ve been used by many 

other key brand names, and they can realize that 

others have made a decision to actually go with us. 

They know that this is a very key, future-proof 

path forward from a technology point of view. 

But then, there’s another type of trust that goes 

beyond the technology, and that’s about the 

relationship and what operators do in terms of 

Wi-Fi. They realize that we are a trusted partner 

from a business model point of view as well. 

Since we’ve seen the ins and outs of so many of 

these deployments and we’ve been driving many 

parts of this industry, we know what’s working and 

what’s not working. And we know what the 

different operators have done and what was 

successful and what was not successful. This is 

extremely appreciated by many operators.  

The third thing is the way we can deploy this in 

phases so that we don’t have to do the open heart 

surgery, but also support a deployment in terms of 

software as a service or a hosted model. 

We offer a hosted model to many of our 

operators, and it’s been used by quite a few of 

them. It lowers the barriers in terms of getting into 

Wi-Fi. They can focus on getting Wi-Fi out to all 

these locations.  

In the beginning, allowing us as experts to run that 

key integration on a subscription and a service 

level can be fruitful for them. And then, after a 

year, they can bring it in house. So the flexibility of 

running hosted or in house is key. 

Monica Paolini. In closing, could you tell us what 

you think is going to happen next? Do you see your 

role changing at all? What’s going to happen in the 

next five years? 

Torbjörn Ward. What happens in the next five 

years is going to be crucial for all different 

companies and, of course, we’re going to evolve 

like many others. I’m pretty sure we are still going 

to be supplying servers and software to operators 

to help them build and integrate various networks 

together. 

I’m pretty sure there will be cellular networks in 

five years. I’m pretty sure there will be Wi-Fi 

networks in many years. But the flexibility, the 

level of automation and the level of smartness 

going between these networks are going to be so 

much greater in the next five years. 

We have, as an industry, been talking about smart 

offloading and doing smart things for various 



 

REPORT Wi-Fi and cellular integration   © 2014 Senza Fili Consulting • www.senzafiliconsulting.com      |44| 

years, but it takes a long time to do it. It takes year 

after year to get this into mobile devices. 

It’s one thing to – from a network side – go into 

the different nodes and to see the current load, 

and we can do that already today, or we can 

compile that information. But then you need to 

also convey this information to the devices. Not 

only to the new devices, but also to the existing 

ones.  

But I think that, generally speaking, there will be 

Wi-Fi deployed in three main ways. First, the 

hotspots of today will continue, and will be doing a 

little bit more in terms of retail and other things 

we talked about before. The second big thing, the 

big wave, is the homespots that we talked about. 

And then, the third one is the small cells, with 

Wi-Fi included. And those three ways of deploying 

Wi-Fi are going to be extremely important. 

With Wi-Fi so much more widely deployed, 

providing a coherent and automated Wi-Fi service 

with the other bundles of mobile services is going 

to be even more important. So we’re looking 

forward to getting all 800 mobile operators as 

customers, and then all the cable operators, and 

then all the fixed operators, and anybody who 

needs to integrate Wi-Fi with an existing network. 

Those are the guys we want to work with. 

Monica Paolini. Sounds like you’re going to have a 

very busy next five years. Torbjörn, thank you very 

much for your time. We really appreciate it.  
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Monica Paolini. Good afternoon, and welcome to 

our conversation with Goodman Networks. This 

conversation is part of our report on Wi-Fi and 

cellular integration. Today, with me I have Shawn 

Tsetsilas, the Senior Director of Business 

Development, and Syed Zaidi, Senior Director for 

Solutions Architecture at Goodman Networks. 

Shawn and Syed, could you give us an introduction 

about what Goodman Networks is doing in Wi-Fi 

and in cellular integration?  

Shawn Tsetsilas. Goodman Networks is a wireless 

systems integrator. We’re based out of Plano, 

Texas. We have customers in the wireless service 

provider’s space. We have customers in the MSO 

market space. And we have a growing business in 

the enterprise space.  

And as a part of those different markets, we are 

doing systems integration work, whether it’s on 

the carrier macro environment, a public venue, or 

a sports and entertainment facility. Those are 

types of deployment that we’re involved in, which 

include the use of cellular and Wi-Fi technologies. 

Monica Paolini. For a long time, the Wi-Fi and 

cellular sides of business were somewhat 

independent. Maybe it was the same operator or 

the same customer, but they were different 

projects. How is that changing, and what is driving 

the change towards a closer relationship between 

Wi-Fi and cellular? 

Shawn Tsetsilas. You’re absolutely right. When we 

started in the Wi-Fi space, going back six years ago, 

they were two certainly different industries, Wi-Fi 

and cellular. Over time, they have gradually 

become closer. The sheer demand for mobile data 

applications has had such a steep climb in terms of 

growth. What we’re seeing, not only in the 

enterprise space, but also in the carrier space and 

MSO space, is the idea of using both technologies 

to deliver as much data and as much bandwidth as 

possible. 

What’s happening is that its entire value chain is 

changing. You used to have Wi-Fi, specifically, on 

an enterprise value chain for manufacturing, 

distribution, value added, reseller and customer. 

The Wi-Fi and cellular value chains are coming 

together, and this is changing things dramatically. 

As the value chains get more in line, the 

technologies will do the same. 

Syed Zaidi. There’s also a shift to carrier Wi-Fi. As 

that shift happens, more and more carriers want 

to control the Wi-Fi and its subscribers. 

They want to control the throughput and the 

quality that the subscriber is getting. They also 

want to control the environment – for instance, in 

some cases they want to see that the subscriber 

goes to a landing page where they can offer some 

sort of branding, or where subscribers can get 

some targeted advertisements. 
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Also, looking at some analytics, the carriers want 

to be able to sell those analytics to the marketers 

and, in some cases, enterprises are trying to do the 

same thing. It’s more about the control, from the 

carrier perspective, over the environment. 

Monica Paolini. We are still in the early days in 

combining Wi-Fi and cellular. What type of 

timeline are you looking at for adoption by MSOs, 

our mobile operators, and enterprise? 

Syed Zaidi. As far as the small cells and the 

convergence with Wi-Fi is concerned, so far the 

deployments have been 3G. 2014 is going to be a 

big year for small-cellular deployments. 

We are still in the early phases. The trials were 

conducted in 2013. A small number of initial 

deployments are going to happen in 2014, but we 

are still in the learning mode. 

The big launch year is going to be 2015. We have a 

well-defined small-cellular deployment process in 

place. This year is going to be a test of that 

process. We will be tweaking that process as we 

learn new things, in terms of small-cellular 

deployments. 

Monica Paolini. You mentioned learning; it’s really 

a crucial concept here. What is it that you’re 

learning as you help service providers and 

enterprises in this process? 

Syed Zaidi. In terms of the outdoors, there are 

four critical components that we need to look at. 

One is the location of the small cell. Where do you 

place the small cell, because it’s a low-powered 

small cell? If you don’t place it appropriately, you 

increase the interference and you don’t add to the 

capacity. 

Second is power. Where are you placing it? Do you 

have the power?  

Third, do you have the backhaul where you want 

to put the small cell? 

The fourth is the site acquisition. What kinds of 

assets are available for you to deploy these small 

cells? 

Those are the four critical things that we look at 

for outdoor deployments. 

Shawn Tsetsilas. For a Wi-Fi deployment, 

specifically, in a public space or a public venue 

space, where you have people gathering and more 

people than usual, the amount of bandwidth that’s 

being used, the amount of data that’s being 
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forwarded out the egress to the internet, is greater 

than what venue owners and operators would 

have anticipated. The good news here is that the 

networks were planned and designed to handle it.  

What we’re learning is, basically, the more you 

build it, the more it’s going to get used. That is the 

first thing. 

On the carrier side, Wi-Fi poses a greater challenge 

in terms of network management and operations. 

My concern there for carriers is that it requires 

more resources to manage, operate and maintain 

these networks than operators may have planned. 

Monica Paolini. Initially the main concern with 

Wi-Fi was the potential for interference. But now, 

even with interference, Wi-Fi networks can still 

pack a lot of capacity, but you have to manage the 

network. 

That’s going to be an even more demanding task, 

as you combine small cells with Wi-Fi, especially in 

public venues. 

Shawn Tsetsilas. In an environment like a stadium, 

we have solved the interference issue to some 

extent. We can manage the 2.4 GHz frequency 

with directional antennas and smaller cell design. 

We can manage it to a point where there is a 

functional, measurable amount of bandwidth for 

users. You can exchange some emails, do your 

social networking and web surfing. We’re a far cry 

from watching live video in that type of 

environment in a consistent and reliable, 

television-like manner. But we addressed the idea 

that it’s impossible to do because of the 

interference issues on the 2.4 GHz frequency. 

Syed Zaidi. Interference between cellular and 

Wi-Fi is less of an issue versus interference within 

the cellular bands, especially if you’re deploying 

small cells in the same band as the macro network. 

So whether you are deploying outdoors or indoors, 

interference management between small- and 

macro-cell layers – and handoff optimization 

within those layers – are absolutely critical, as is 

managing interference between indoors and 

outdoors. 

There is going to be a lot of work required to do 

that. SON is there and, depending on the vendor, 

there are different SON capabilities available. But 

we are still in the early days, and we still have to 

tweak our parameters. 

Shawn Tsetsilas. One of the other things we’ve 

learned, back to your question, is that we’re seeing 

– and it’s a good sign – from the analytics that 

more people are utilizing the 5 GHz frequency on 

the Wi-Fi side, which takes some of the stress off 

the 2.4 GHz band. It has been a pleasant surprise. 

Obviously, as that increases and more people get 

on the 5 GHz band, the better these Wi-Fi 

networks will perform. The faster device makers 

and operators can get 5 GHz into the market, the 

better we’ll all be. 

Monica Paolini. Does that also mean that we will 

have less of a need for cellular small cells, because 

we’re gaining more capacity from Wi-Fi? 

Shawn Tsetsilas. That’s a good question. I don’t 

think so. I really don’t. The demand is so high. The 

demand is too high and people will just use the 

network for more things: more video, more live 

video. 

You look at the triple-play type traffic – voice, 

video and data – and what’s coming now with 

Netflix and Hulu. They are able to deliver 

broadcast content over mobile networks. We’re 

going to need them both – Wi-Fi and cellular – for 

a while. 

Syed Zaidi. People change their usage habits as 

bandwidth becomes available, especially the 

teenagers and the kids, they’re always playing 

video, and that’s taking up a lot of bandwidth. 

Monica Paolini. That’s a good thing and a bad 

thing. The more capacity – the more that gets used 

– the more data access becomes successful, but 

also, challenging.  

Can you tell us how you help operators? What is it, 

specifically, that you help them do that they don’t 

want to do themselves, and would rather have you 

do? 

Syed Zaidi. Like Shawn mentioned earlier, we have 

a suite of services for small cells and Wi-Fi. Our 

model is turnkey. We provide end-to-end services, 

all the way from planning, RF design, construction, 

implementation and operation, as well as 

maintenance. We have created a suite of services.  

The operator and the enterprise want different 

types of services. We provide a menu of services, 
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and operators and enterprises can pick and choose 

what services they want, but our model is end to 

end. 

Monica Paolini. In some cases, you work with 

multiple operators in the same area. So it could be, 

say, a stadium where you work with different 

operators. Or do you work with one operator at 

one location?  

Shawn Tsetsilas. The answer is yes to all of that. If 

we’re looking at a particular in-building DAS or 

small-cell project – and you can include Wi-Fi in 

there – it generally starts with one carrier, and a 

customer who would like to enhance the data 

through improving the coverage for that particular 

carrier. Once you do that, it leads to other carriers 

and to Wi-Fi. 

So it generally starts with one carrier, but by the 

time the project’s fully implemented, you’re 

talking multicarrier for the most part. Then, 

obviously, the Wi-Fi as well, and how that gets 

implemented. 

If carriers want a piece of the Wi-Fi, the technology 

exists to make that happen. But typically speaking, 

today it is still a setting with one SSID, with one 

service set for all the guests, at least in a public 

venue. 

Monica Paolini. DAS has been around forever, but 

there is a growing interest in DAS as a potential 

alternative to small cells. How do you see that?  

Because with DAS you typically have a neutral-host 

model. Small cells are more tricky to use in a 

neutral-host environment. How do you see the 

relationship between DAS and small cells? 

Syed Zaidi. DAS, small cells, macros – they’re all 

solutions. DAS is going to be a great solution for 

venues such as stadiums, and it will continue to be 

there for many, many years to come. 

Small cells are best suited for big enterprises, small 

enterprises, and small offices. You will see a 

transition with enterprises moving towards small 

cells. 

The big venues with neutral host will stay with 

DAS, and DAS will prosper for years to come. 

Monica Paolini. The ecosystem is becoming more 

complex, and when you start talking about small 

cells, there is a major interest in having multiple 

vendors coming in, so the macro vendor might be 

different from the small-cell vendors.  

How do you address this issue in multivendor 

environments? 

Syed Zaidi. If you look at the outdoor small cells, 

the X2 interface is still proprietary, and it’s not 

open between multiple vendors, so it is much 

easier for the macro- and small-cell networks to be 

from the same vendor. 

In the case of indoor deployments, it’s easier 

without multiple vendors, or a macro versus 

indoor small cells.  

We are OEM agnostic. We are working with 

different vendors, both for indoors and outdoors. 

Monica Paolini. For a long time, Wi-Fi was mostly 

indoors and cellular outdoors. Even with small 

cells, the initial view of the small cells was that the 

small cell was attached to a lamppost. 

But there is an increasing interest in indoor small 

cells, and Wi-Fi in outdoor small cells. How do you 

see the balance between indoor and outdoor? 

Most of the usage is indoors, but the outdoor is 

easier to manage.  

Shawn Tsetsilas. It’s interesting, because of the 

conversation we were having earlier about the 

2.4 GHz frequency. We solved that problem, as I 

was saying, but the reality is that when I said that, 

it was really viewed towards a venue – i.e., a 

stadium or hospital. 

When you’re talking about the outdoor space, say, 

in downtown Boston, downtown New York City, 

you absolutely do have interference when it 

comes to that type of scenario. You have 

hundreds, if not thousands, of Wi-Fi access points 

in that area, both residential and commercial. That 

will still, without question, be a challenge. It will 

certainly reduce over time as the 5 GHz frequency 

gets more used. 

Frankly, my thought there is that, the way things 

are today, outdoor metro really requires 4G small-

cell technology. So small-cell technologies would 

probably be your better bet in that type of 

scenario. 

Syed Zaidi. Talking to the carriers, the predictions 

are that the percentage of the indoor small cells is 
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going to be much higher compared to the outdoor 

small cells. The coverage is not adequate indoors. 

You will see a lot of deployments indoors. On the 

flip side, you will see deployments outdoors. The 

projections are much higher for indoors. 

Monica Paolini. That’s quite interesting, especially 

in a country, like the US, where traditionally 

there’s been a stronger emphasis on outdoor 

coverage than other regions, such as Asia Pacific.  

What are the specific challenges to bringing the 

infrastructure indoors? Indoors you need to have 

the right to access the premises. Is it a different set 

of challenges that you face for indoor coverage? 

Shawn Tsetsilas. One of the biggest challenges we 

see is space. Especially I’m referring to larger 

deployments, such as a campus or a decent-sized 

office building. I’m not talking about 25,000 to 

50,000 sq ft. venues. 

In your larger deployments – where capacity 

matters most – people don’t realize the amount of 

space a head-end can take for a DAS, for instance: 

the power requirements and everything that goes 

into that. From our perspective, this is one of the 

biggest challenges. 

Syed Zaidi. The other issue with indoors that is 

going to be very significant is the backhaul – 

whether the backhaul is a dedicated link from the 

carrier or whether it is supplied by the enterprise; 

whether it’s authenticated VLAN or it’s a shared 

backhaul. 

If it’s supplied by the enterprise, the deployments 

are relatively quick, but if the carrier has to build a 

dedicated backhaul for indoor small cells, it adds 

several months to your deployment.  

These are some of the challenges that we have to 

look at. In a lot of cases, enterprise IT departments 

will not allow you to put the small-cell traffic on 

their IT network. In that case, you have to create a 

separate backhaul, and that would add time. That 

is going to be pretty significant. 

Monica Paolini. How do you see that developing? 

Do you think enterprises will relax their 

requirements and allow operators to use their 

backhaul, or do you see more of a trend towards 

operators deploying their own backhaul? Building 

a separate backhaul network is going to be a major 

issue in terms of cost, construction and complexity 

of the project. 

Syed Zaidi. We have to see how it plays out. The 

answer is different when you talk to different 

vendors. Some vendors say, “You have to put the 

traffic on the IT network.” Some are saying, “No, 

you have to put it in a separate backhaul 

network.”  

It would be difficult for the IT guys to share their 

network and put the small-cell traffic on that. 

That’s my view, but we just have to wait and see 

how it plays out. 

Monica Paolini. What is special about what you 

do? What differentiates you from other players in 

this space? 

Syed Zaidi. We are probably one of the largest 

system integrators in the nation. We do Wi-Fi. We 

do DAS. We have good processes in place for small 

cells, both indoors and outdoors, and we have vast 

market experience on the macro network.  

We have the feet on the street: we are the people 

who actually deploy.  

Our customers are carriers. Our customers are 

OEM vendors. Our customers are neutral hosts, 

and our customers are enterprises. 

Our people, the expertise within those people – IT 

expertise, LAN expertise, wireless expertise – is 

critical. 

We are nationwide. We offer turnkey services. We 

are focused on communications only. The scale, 

the people, the resources, the breadth of 

experience are the key differentiators for us. 

Monica Paolini. I guess we’re all learning a lot 

here, because there are no major deployments in 

most of America or if you’re looking in other 

countries. How do you expect this to change the 

way you operate, if you work on, say, the small 

cells and Wi-Fi, versus macro or Wi-Fi only? How is 

that going to impact the way you work with the 

operators? 

Shawn Tsetsilas. As an industry, we all have to get 

more efficient in our planning and procedures. 

Right now, the way things are going, there’s a lot 

of activity. Let’s put it that way. There are a lot of 

moving pieces.  
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The more companies like us can stay involved with 

their customers – understand their requirements, 

understand their timelines, their goals and their 

budgets – if we could all work together, us and our 

customers, to be as efficient as possible, we’ll all 

be more successful. 

Syed Zaidi. What’s changing in the growth areas is 

going to be the small cells. The question is, how do 

you adapt together to that new business? 

That’s more feet on the street. It’s more bucket 

trucks for deployments. It’s those kinds of 

technicians who can handle putting the small cells 

on the poles. Putting the small cells on the power 

lines, strand mounts, and all those types of things. 

The workforce is changing. That is going to be one 

of the biggest things that we adapt to, and we are. 

Monica Paolini. Just to close this, how do you see 

the next five years? What’s going to happen in the 

next five years? 

A lot of people complain that we haven’t seen the 

growth in small cells that was initially expected. Is 

that going to change over the next five years? Or 

when do you think it’s going to happen? 

Syed Zaidi. Analysts were projecting that small 

cells would happen in 2013. It didn’t really take off. 

There were trials. 

2014 will still be limited in numbers, but the 

capacity demand is growing. Video is growing, 

very, very rapidly. 

The consumer behavior, especially the kids’ and 

the teenagers’, is changing. They have no concept 

of how much bandwidth they are consuming with 

all these video connections. That will force the 

operators to deploy small cells, because that is the 

most efficient and cost-effective way to increase 

capacity in the network. Similarly, Wi-Fi will grow 

beyond constraints. 

2015 is going to be the key year around 

deployments for small cells, and we will, finally, 

see small cells being deployed in numbers. 

Monica Paolini. I would like to thank you both for 

your time. It was a pleasure talking to you. 

And again, I would like to remind the audience 

that this conversation was part of a report on Wi-Fi 

and cellular integration available at 

www.senzafiliconsulting.com.  

 

Glossary 

DAS Distributed antenna system 
IT Information technology 
MSO Multisystem operator 
OEM Original equipment manufacturer 
RF Radio frequency 
SON Self-organizing network 
SSID Service set identifier 
VLAN Virtual local area network 
X2 LTE interface between eNodeBs 

 
 

  

http://www.senzafiliconsulting.com/


 

REPORT Wi-Fi and cellular integration   © 2014 Senza Fili Consulting • www.senzafiliconsulting.com      |51| 

 
 
Orchestrating Wi-Fi 
and small-cell 
performance 
 

 
A conversation with  

Bernard Breton 
Senior VP of Americas  

and APAC Sales, and 
Chief Marketing Officer 

InfoVista 
 
 

By Monica Paolini 
Senza Fili 

Monica Paolini. Welcome to our conversation on 

Wi-Fi and cellular integration. Bernard Breton, the 

Senior VP of Americas and APAC Sales and the 

Chief Marketing Officer at InfoVista is with me 
today. 

To get started, Bernard, can you give us an 

introduction about what InfoVista is doing in the 

space of Wi-Fi and cellular integration? 

Bernard Breton. InfoVista is positioned to offer 

software technologies to mobile operators so they 

can get better performance from their network. In 

fact, our tagline is “Orchestrating network 

performance,” because we understand that 

network performance is key for two fundamental 

drivers for operators today. 

One is to ensure that capex will deliver an 

outcome in terms of network quality, and in terms 

of capacity to their subscribers, so that operators 

can maximize the use of the capex. We live in a 

world where we cannot spend infinitely to fight 

the data growth, which is exponential nowadays. 

The second driver is that it’s very important to 

ensure there is a good user experience. 

At InfoVista we ensure that we can plan a network 

that performs well, that we enable the operation 

of networks that deliver sustained good 

performance, and that we continue to optimize 

the network to continue to operate well.  

To do that, we take data from the network and 

come up with intelligence about what’s going on in 

the network, in order to make the network a 

better one.  

Networks are becoming extremely rich. Wi-Fi has 

moved from a technology for wireless LAN to a 

wireless technology integrated into a mobile suite 

of tools that operators are using to deliver that 

ubiquitous, seamless data service to their 

subscribers. 

As such, it needs to be integrated with all the other 

activities of the operator. Wi-Fi network 

performance suddenly matters. It’s not a best 

effort anymore. It must be considered, from the 

operators’ perspective, just like any of the other 

technologies that they’re using. 

That’s why for the last three years or more we’ve 

been working on providing Wi-Fi capabilities in our 

suite of software technologies to help operators 

deploy networks that perform better. 

Monica Paolini. Wi-Fi is a mature technology that 

we’ve been using for decades now, but hotspots 

are rarely part of an RF plan. They’re put in some 

locations, such as Starbucks or McDonald’s, based 

on agreements with the retailers. 

Now, with carrier Wi-Fi, there is a need to plan, 

because cellular and Wi-Fi work together. How do 

you have to do things differently when planning 

for Wi-Fi? 
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Bernard Breton. You’re spot on when you say that 

there’s been a change. The change has been that 

Wi-Fi was really a separate technology. It was 

something that had nothing to do with the mobile 

networks. Suddenly, we’re moving to carrier Wi-Fi 

offloading, taking data that would have been 

served by the mobile networks, which suddenly 

can be served by the Wi-Fi network. 

Therefore, your Wi-Fi network planning cannot be 

done in a way that is disjunctive from the mobile 

network, because they are one network. From a 

user perspective, I do not care whether I’m served 

by Wi-Fi or by LTE. Unfortunately, now I have to 

care, because the handover to Wi-Fi is definitely 

not seamless in most cases. 

Down the road you want to deliver to those users 

a seamless experience. In the context of Wi-Fi 

being deployed as one technology alongside the 

rest of the mobile technologies, it means that you 

plan your Wi-Fi offloading as a function of your 

existing network performance, not separately 

anymore. 

I’ll give you a very simple example. It used to be 

that you were placing Wi-Fi hotspots just in areas 

that you said, like Starbucks. That’s great. That 

helps for coverage in the Starbucks. That doesn’t 

actually do much for your mobile network. 

In a Starbucks coffee shop beautifully served by 

your macro network, in an area where you are 

spectrally efficient, there is no need to have a 

Wi-Fi hotspot. There is no true ROI in deploying 

additional assets to provide coverage and capacity. 

On the other hand, if you’ve got another area with 

a lot of demand, where capacity is poor because 

you’ve got poor spectral efficiency and high 

demand, then there’s a lot of ROI for deploying a 

hotspot there. 

You really need to integrate that notion of what’s 

the resource consumption from the macro 

network as the key indicator for why you’re going 

to deploy your Wi-Fi hotspot. You need to do that 

in a way that takes into consideration the 

constraints you have. 

One of them is backhaul. It is a very important 

constraint. You need to have a low-cost 

deployment, which means that you’re not going to 

dig under the sidewalk to get fiber to your Wi-Fi 

hotspot. 

You need to make sure that you’ve considered 

these constraints in the design process. You have 

to have an equilibrium between, on one hand, 

where should you have your Wi-Fi hotspots – and 

that’s a function of both the demand and the 

performance of the macro network –, and on the 

other hand, what are your constraints, so you can 

keep your cost down. 

If your cost for small cells in general – and Wi-Fi is 

one of them – is high, it defeats the purpose. The 

purpose is twofold. One is capacity, and the 



 

REPORT Wi-Fi and cellular integration   © 2014 Senza Fili Consulting • www.senzafiliconsulting.com      |53| 

second one is cost. If the cost is too high, it doesn’t 

work. You need to make sure that this is in the 

equation. That’s why planning Wi-Fi in the context 

of carrier Wi-Fi is quite different than as solely a 

hotspot disjointed from the network. 

Monica Paolini. Wi-Fi also changes the way you 

plan for small cells and potentially macro cells. 

When I have an area with a lot of traffic, as an 

operator, I can have more or fewer small cells, 

more or less Wi-Fi. How can you help operators 

figure that out?  

Bernard Breton. The first thing to say is that it 

actually does impact the macro network. Wi-Fi or 

small cells are there to relieve the macro network. 

When an operator has to decide how to handle 

that extra capacity that it needs because demand 

is growing, we have multiple approaches. 

One of them is to add more carriers on the macro 

network. That’s probably still the first strategy. It 

might be that, in some cases, it’s better to actually 

deploy small cells. We did a use case recently in 

Japan, where by adding two small cells per macro 

cell we increased the capacity of the macro 

network by 40%, on average, per macro cell. 

Why is that? Because we deployed the small cells 

where resource hogs were undermining the 

performance of the macro network and where, 

basically, we had poor spectral efficiency. By 

placing small cells, we increased the capacity of 

the macro network. Not only did we increase the 

capacity because we added small cells, but we also 

increased the capacity of the macro network, 

requiring fewer small cells in the future. 

It goes together. You really have to think of it 

together. You cannot say, “I’m going to do small 

cells,” or “I’m going to do the macro network.” It’s 

one network. 

Monica Paolini. How do you decide how much 

Wi-Fi and how many small cells? 

Bernard Breton. Small cells and Wi-Fi are one and 

the same thing. Wi-Fi provides you access to 

spectrum that you don’t have access to otherwise. 

Therefore, it increases your spectrum real estate. 

It’s a cheap spectrum real estate, but it comes with 

a cost. The cost is uncontrolled quality, because it’s 

shared spectrum. Therefore, it’s harder to 

guarantee quality of service. 

Most of the small cells will be multimode. They’ll 

be both LTE and Wi-Fi. That’s the route to go, 

because as an operator, Wi-Fi is providing you 

additional spectrum and basically increasing the 

size of your pipe, but at the expense of lack of 

control.  

Therefore, multimode makes a lot of sense. You 

can shift users back to the LTE small cells, if need 

be, to get the quality of service in check. 

Monica Paolini. You can’t really plan for Wi-Fi in 

the same way that you plan for a small cell. You 

don’t control the spectrum, so you don’t know 

what performance you’re going to see. 

Bernard Breton. And you have to make 

assumptions. When you do the planning, you have 

to make an assumption of average density of the 

Wi-Fi hotspots in the general vicinity, so that you 

consider the interference in the equation so you 

don’t overestimate the capacity and performance 

in reach of your Wi-Fi nodes. Otherwise, you’re 

going to think that you live in a rosy world, and 

that’s not the case. 

The Wi-Fi hotspots are going to be deployed in 

areas where there’s lots of demand – which is 

where there are a lot of Wi-Fi hotspots already. If 

you’re in downtown Paris or New York, you always 

see a list of something like 20 Wi-Fi hotspots 

anywhere you are in these cities, which means 

that you have a lot of interference. 

Monica Paolini. Do you foresee cases where Wi-Fi 

serves subscribers that are closer to the small cell, 

while subscribers farther out, at the small-cell 

edge, connect to 4G?  

Bernard Breton. Yeah, I think that’s something 

that is going to happen. In fact, that’s the beauty of 

LTE small cells as we see more and more 

coordination capability in the underlying 

equipment. You have the ability to control better 

the handover between the small cells and the 

macro cell. 

You can think of the same principle between Wi-Fi 

and the LTE small cells, for example: that if you do 

not have a good quality of service, you can hand 

over to the LTE network. It’s not usually about 

distance; it’s really about quality of service and 

average data throughput that you’re getting on 

the Wi-Fi. 

Monica Paolini. Recently we’ve seen a lot more 

interest in indoor coverage, because that’s where 
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subscribers are. The planning is different, because 

not only are the RF properties different, but what 

you’re trying to achieve is somewhat different.  

Bernard Breton. I think we have to realize that 

there are a lot of buildings out there, and we’re 

not going to have indoor systems for all of them. 

At least, it’s going to take a while before we have 

that. On top of that, many of the first-generation 

indoor systems are, unfortunately, not that 

relevant when it comes to deployment of LTE – 

wrong bands, for example. 

I think what we’re going to see is an increased 

focus on understanding the indoor performance. 

Because if you can’t measure something, you can’t 

manage it. It all starts with understanding the 

performance of your radio networks, and that 

includes understanding the indoor performance, 

so that you can decide how to deal with the indoor 

problem. 

The indoor problem doesn’t necessarily need to be 

dealt with by an indoor system. Many operators, 

for example, have taken the position that they’re 

going to improve their coverage indoors by going 

to the lower band. The 700 MHz band, for 

example, is a beautiful band to deal with 

penetration of structures. That’s a way to deal 

with the coverage issue, but maybe not so much 

with the capacity issue. So you need to look at 

capacity at the same time. You might have enough 

indoor coverage, but if you don’t have enough 

capacity to deal with the demand, you might still 

need to add an indoor – for example, Wi-Fi offload 

or a small cell. 

What we provide today – and we’ve worked for 

multiple years on that now – is this whole 

densification in the network, because users are 

demanding more data, and that demand is coming 

from devices that are data hungry.  

When I’m on the phone walking in the street, I am 

not data hungry. When I’m on my laptop and I’m 

using streaming video, I am data hungry. When I’m 

data hungry is when I’m consuming a lot of 

resources. 

As we’ve seen the shift of the demand to indoors, 

we’ve done a lot of work in all of our technologies. 

We have full 3D capability to our planning, so you 

can visualize the performance of your indoor 

coverage and capacity from your outdoor network 

before you actually decide if it’s relevant or not to 

implement an indoor system. 

That’s typically now a part of the planning process 

for small cells: you look at what buildings need to 

be addressed with an indoor system. 

Monica Paolini. Can you tell us a little bit more 

about how you do find out where the traffic is in a 

3D environment? It’s difficult enough to do it in 

2D, so how do you add the third dimension there? 

Bernard Breton. You’re right, it’s not that trivial. 

We use multiple data sources to do that. Typically, 

if you’re an operator and have carrier Wi-Fi, you 

know the amount of traffic that is carried on a per-

cell basis, and you know the geographical 

environment where that is happening. 

What we use is the probability of service analysis, 

so we know, for every point in space in X, Y and Z 

coordinates, who are the probable servers. We 

know what is the total traffic that the servers 

carry. It’s a complex, multidimensional, linear 

equation that needs to be solved, and we solve 

that equation.  

Monica Paolini. Now this is how you understand 

where the traffic is today. But then, the operator is 

going to plan for the next, say, 5 or 10 years. How 

do you do that type of prediction? 

Bernard Breton. Very, very good point. That’s why 

we have forecasting modeling in our traffic 

analysis capabilities. When we take the live traffic 

from the network, we have forecasting modeling 

that you can use to look at your traffic today or 

forecast your view of the traffic, and we can then 

again spread into the volume, in three dimensions. 

Monica Paolini. You can do the forecast based on 

different scenarios? Because we don’t really know 

what’s going to happen in five years – for instance, 

depending on what assumptions you make about 

the device mix. 

Bernard Breton. If you’re talking about forecasting 

in five years, I would really suggest that you do 

more of a marketing-based forecasting. There’s 

two types of forecasting. We have forecasting 

based on existing traffic, on the existing trend we 

see in the network. The validity of that kind of 

forecasting, in my view, doesn’t span more than a 

year. 
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After that, it becomes a little bit iffy because this is 

based on the current users’ pattern. But as new 

services erupt, are coming into play, we don’t 

know that, but that might change quite materially 

the traffic patterns. That’s where you need to start 

to have more of a strategic view on your traffic. 

We also have the capability to do that. But that’s a 

different way of forecasting.  

But in any case, we can definitely forecast the 

traffic with our technology. Because you’re right, 

it’s an essential part of understanding how you’re 

going to deal with the future of demand. That’s 

why they put in small cells and Wi-Fi hotspots in 

the first place. 

Monica Paolini. How do you plan where to put 

Wi-Fi and small cells within the footprint?  

Bernard Breton. From what we’ve seen thus far, 

it’s very unlikely that your small cell will be 

overloaded. So you tend to oversubscribe capacity 

when you deploy small cells, because a single Wi-Fi 

hotspot was going to have a maximum 100 m 

coverage, and I’m really generous there. 

The capacity of a Wi-Fi hotspot is actually quite 

high. And the number of subscribers that you will 

capture in that distance is pretty low. So in most of 

the analysis we don’t see that the dimensioning of 

the Wi-Fi traffic is what’s critical. What’s critical is 

understanding the traffic pattern of the macro 

network, because your small cells or your Wi-Fi 

offloading cells are really there to relieve the 

macro network. 

Monica Paolini. Do you think we’ll be better off 

having more small cells and Wi-Fi access points 

that have lower power and a shorter radius, or 

better off having fewer and more powerful ones?  

Bernard Breton. There’s one element I need to 

caution in my answer here, because each city’s 

different. When we talk about Wi-Fi hotspots, it’s 

really in the urban areas. So when you do 

something in Paris, when you do something in 

New York, when you do something in Tokyo, it’s a 

different layout for each city. 

But in most cases, I would say that in dense urban 

areas, low-power small cells are probably going to 

work better.  

In lower-density areas like the suburban areas, 

where you’re already starting to get congestion on 

the macro network, higher-power small cells are 

probably going to work better. In these areas, if 

you have a low-power small cell, you will be very 

far from consuming the capacity of that small cell. 

Therefore, you’re undermining the ROI of those 

small cells, and you will end up needing more small 

cells and not relieving your macro network 

enough. 

But in denser areas, that’s not nearly as much the 

case. The macro network already has much 

smaller cell footprints, and therefore, it’s okay to 

also have small cells that are smaller.  
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Monica Paolini. Can you tell us about what sets 

InfoVista out from the rest of the companies? 

What is it you do that is special? 

Bernard Breton. Three things truly differentiate us. 

First of all is the fact that we have positioned 

where planning is one of the ingredients of 

network performance. We don’t do network 

planning as an island that’s disconnected from 

everything else. We see planning as being part of a 

global venture to get a network that performs. 

And as such, our network planning solutions are 

fully integrated with our network performance 

management solution, and our network 

optimization solutions. You can break the barriers 

to performance, because you need all of those 

teams to work together to achieve performance. 

Our second differentiator is that we’ve done a lot 

of investment in small cells in the last four years, 

five years now, probably. We’ve won probably 

four awards for our small-cell capabilities in 

Mentum Planet, our key planning tool that 

includes features like the 3D capabilities we 

discussed before. So the utmost effort on small 

cells is certainly differentiating our solution in both 

the Wi-Fi and LTE small cells. 

Thirdly, the general innovation that we have in our 

product is towards the support of new technology. 

For example, we already support LTE Release 10. 

We already support eICIC. We already support 

plenty of technologies that are part of the 3GPP 

roadmap that are fundamental to the 

advancement of small cells.  

This has been a commitment that we made to 

operators. We were first to market with a 3G 

capability. We were first to market with an LTE 

capability, and first to market with LTE-Advanced 

capability. So this is a very important 

differentiator, because when you plan, you need a 

planning tool. You need the planning capabilities 

before you have a network, not after. So you need 

to be one step ahead of the technologies. So that 

is the third differentiator. 

Monica Paolini. In closing, can you tell me what 

you see changing for InfoVista and generally for 

network planning over the, say, next five years? 

Bernard Breton. Planning is going to become 

increasingly integrated with optimization and 

performance management. That’s why our tagline 

is about orchestrating network performance. We 

see planning as one ingredient of that 

orchestration. 

And as such, planning will become increasingly 

automated and refined in terms of its ability to 

propose solutions that are relevant to the 

engineers, so that it can quickly help when adding 

assets in the network in ways that are just in time, 

that are happening when you need it but not 

before. 

So we’re going to see a shortening of the planning 

cycles. And planning will become essentially a lot 

more operational, and a lot less something that 

you do before you have a network and then forget 

about it. I think that mentality is gone now. We’re 

really going to see planning as being one act of 

that orchestration of the performance of the 

network. 

Monica Paolini. Bernard, thank you very much for 

taking the time to talk to us today.  

And I’d like to remind you that this conversation 

was part of our report on Wi-Fi and cellular 

integration, and it’s available from our website, 

www.senzafiliconsulting.com.  
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Monica Paolini. Good afternoon, and welcome to 

this conversation for the report on Wi-Fi and 

cellular integration from Senza Fili. I am Monica 

Paolini with Senza Fili, and today I have John 

Fitzpatrick, the telecom analyst in the CTO office at 

Openet with me.  

John, could you tell us what Openet is doing in this 

space? 

John Fitzpatrick. Openet’s pedigree is in policy and 

charging control, integrating with a large number 

of disparate network elements. Our main products 

are in policy control, mediation and online 

charging systems. We are one of the world’s 

largest and leading vendors in this space, and we 

have some of the world’s largest deployments as 

well. 

Particularly around Wi-Fi offload, policy and 

charging control are a key part of intelligent 

network selection. ANDSF, in particular, can be 

viewed as extending policy beyond the core 

network and out onto the mobile devices. We are 

able to coordinate our core network policy with 

the network selection decisions that we’re making 

on the device. 

Monica Paolini. This is not the type of offloading 

that we use today. When we go home, we switch 

on the Wi-Fi and the operator doesn’t know much 

about it. Can you walk us through how we’re going 

from today’s offload to an offload where policy is 

central? 

John Fitzpatrick. We’ve come from an area where 

Wi-Fi is very widely deployed, but typically it hasn’t 

really been a technology that mobile operators 

have embraced. This was for a number of different 

reasons. Over the last number of years, what 

we’ve actually seen is operators begin to really 

embrace Wi-Fi, and to use it as a market 

differentiator for their customers and also as a 

capacity-increasing technology. 

The majority of data traffic originating from mobile 

devices is already offloaded. There are varying 

figures, but up to 75% of data is already being 

offloaded – but it’s being offloaded by users 

themselves. They go home or to work, and they’re 

manually selecting Wi-Fi networks in these 

locations, and they’re sending data over those 

networks as opposed to over the cellular network. 

A lot of operators have deployed large-scale Wi-Fi 

networks, have partnered with existing Wi-Fi 

network providers, or use community Wi-Fi as 

well. But these networks are pretty much silos. 

The operator deploys its own Wi-Fi network, but it 

has very little integration with its core network. 

We’re starting to see this change just a little bit, 

particularly with the technologies like Hotspot 2.0 

and EAP-SIM, allowing the operator to use some 

SIM-based authentication mechanisms to get the 

users onto those Wi-Fi networks.  
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One of the main problems with this is that the 

operators have no control over when, where, how 

and under what circumstances the user’s device 

will select certain Wi-Fi networks. 

This leads to a number of problems. First of all, it 

can lead to a poor network selection decision, 

which leads to a poor QoE for the user. An 

example is when the operator has deployed Wi-Fi, 

maybe, in a coffee shop, and a user is just walking 

past the coffee shop, and the user’s device tries to 

select that Wi-Fi network. It tears down the data 

connection on the cellular network when that 

happens. 

That causes a couple of problems. First, it increases 

the amount of signaling traffic on the mobile 

operator’s network. Second, it leaves the users in a 

limbo area. They don’t quite have Wi-Fi 

connectivity and they don’t quite have cellular 

connectivity. This leads to a very poor user 

experience. 

Another problem is that users will often, because 

of these kinds of problems, turn off their Wi-Fi. Or 

when they go into an area of Wi-Fi that their 

operator has deployed – they still need to know 

Wi-Fi’s available, go in, select it and log in. That 

process of logging in can be a pain. 

So it’s very important that it’s completely 

seamless, particularly for the operator to get the 

maximum return out of the investment they’ve 

made in their Wi-Fi network. 

Monica Paolini. There are a lot of moving parts to 

this, a lot of dimensions that have to act. How do 

you help an operator in addressing these issues 

with policy and network selection? 

John Fitzpatrick. What Openet has developed is 

ANDSF technology with a number of proprietary 

enhancements. We provide the operator with a 

mechanism to control device network selection. 

We can create more intelligent network selection 

and decisions from the device side. 

There are a number of advantages that this 

provides the operator with. First, it’s zero touch 

from the users’ perspective. Users enter a location 

in which their operator has deployed Wi-Fi, and 

they don’t have to go through any kind of 

cumbersome login process. Our client will 

automatically pick up that they’re in this location. 

The policies the operator has set will seamlessly 

and automatically get them connected. 

One of our main differentiators is that we can 

integrate with a lot of other network elements. All 

of this is pushed down to the mobile device as 

policy. We can integrate with things like the PCRF, 

SPR, OCS, and so on.  

This enables us to do network tiering, for instance. 

Operators have deployed quite large-scale Wi-Fi 

networks, but they’re potentially utilizing the same 

SSID or network identifier across that entire 

network. Those access points may have different 

backhaul capabilities or enable a different QoE. 

They may even have different radios: some may 

be IEEE 802.11g, some 802.11n. 
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Operators have no way to differentiate among 

these networks. That means they can’t tier the 

network and they also can’t tier their subscribers. 

For example, they can’t say, “My business 

customers will only get access to my high-quality, 

carrier-grade Wi-Fi networks.” Rather, as soon as 

these devices see the particular SSID, they’ll just 

try and automatically connect to it.  

That’s one way we help operators: they can do 

network tiering, so they can separate out the 

different SSIDs or the different access points 

themselves. And then we can also tier the 

subscribers. We can say, “These types of 

subscribers should only utilize these networks,” 

and so on. 

Monica Paolini. But can they also look at the real-

time condition of the network? Because the same 

access point that’s not loaded today might be 

loaded tomorrow. So the operator may want to 

have the top tier subscribers moved to either 4G 

or Wi-Fi, depending on network load. 

John Fitzpatrick. We can tier between the 

different radio access networks. We can make 

relatively static policies which say things like, “If 

the user is connected to LTE, don’t connect him to 

these specific access points,” for example. That’s 

one way we manage the user experience. 

If customers are paying you $100 per month for an 

LTE service and they’re getting 20–30 Mbps, 

they’re going to be pretty unhappy if you move 

them across to a Wi-Fi network that gives them 1–

2 Mbps. That’s one way.  

Another way is that all of our ANDSF technology is 

integrated with Openet’s policy framework. That 

policy framework can interface, as I said earlier, 

with a large number of other network elements, 

including network probes. It is possible for us to 

take probe information from the cell sites in real 

time and use that to modify the policy on the 

device side as well. We can do network steering in 

that sense. 

We also perform a lot of monitoring and analytics. 

On our client side, we continually monitor a 

number of different metrics. For example, the 

quality that’s being experienced on the Wi-Fi 

network, the link speeds to your SSID; also, when a 

user moves from the cellular network onto the 

Wi-Fi network, what cell ID did they move from, 

and what was the radio-link quality on the cell 

network when they moved. Also, which ANDSF 

rule and policy caused that offload decision to 

happen. 

While the user is connected, we also gather QoE 

information, and that can be used to identify 

access points that are problematic, potentially, 

where users are getting poor experience, or the 

link speed is very low. That information can then 

be fed back to update the policies. 

Monica Paolini. Another thing that’s important 

about having the same policy on Wi-Fi and cellular 

is the concern that mobile operators have when 

you introduce a new wireless interface – you still 

need to preserve consistency across services. If the 

same service looks very different if you’re on Wi-Fi, 

that makes it more difficult for the subscribers. 

There are two policy centers, one on Wi-Fi and one 

on cellular, and they have to look the same to the 

eyes of the subscriber. 

John Fitzpatrick. We can coordinate the policies in 

the PCRF, and we can also coordinate them with 

the intelligent network selection policies that 

we’re making. We’re also able, from our PCRF, to 

interface with the Wi-Fi gateways as well, so we 

can have coordinated policy across the network. 

This technology is coming down the road now, but 

it’s core-integrated Wi-Fi. A lot of the Wi-Fi 

networks are pretty much silent, and the data 

plane will go through the Wi-Fi gateway and out 

onto the internet. Technologies such as SaMOG 

enable operators to integrate their data plane 

from their Wi-Fi networks and pass that through 

the core network.  

That makes it very easy for us to then provide 

coordinated policy across the Wi-Fi access network 

and the cell network. 

Monica Paolini. Can you tell us how ANDSF is 

going to help operators? 

John Fitzpatrick. We are starting to see a lot of 

interest in ANDSF. Operators first started to deploy 

small Wi-Fi networks, and then they started to 

deploy much, much larger Wi-Fi networks. Then 

they started to introduce technologies like 

EAP-SIM to get the users automatically 

authenticated.  

While that’s brilliant, it brings with it its own 

challenges. One is poor network selection 



 

REPORT Wi-Fi and cellular integration   © 2014 Senza Fili Consulting • www.senzafiliconsulting.com      |60| 

decisions, because you’re simply relying on the 

connection manager in the mobile device to make 

those decisions, and the operator has no control 

over that. 

As soon as the mobile device is in range of one of 

these Wi-Fi networks, even if the radio link quality 

is very poor, the device will automatically try and 

connect to that network. ANDSF is designed to 

enable the operator to take into account all of this 

other contextual information, and push that down 

to the mobile device to prevent these kinds of 

problems. 

A lot of operators are seeing that users connect to 

the access point, and when they connect they get 

into this limbo area – where they don’t quite have 

connectivity, or if they get connectivity, it’s very 

poor quality and it’s much lower than it would 

have been if they had stayed on the cellular 

network. 

Another problem is that when you have deployed 

EAP-SIM technology, or even if you have an app on 

your device to allow seamless authentication onto 

your Wi-Fi network, then when a lot of users enter 

an area in which you have a Wi-Fi network, they’ll 

all jump onto that Wi-Fi network. And now your 

cell network has a very low number of users on it. 

Operators also need to be able to load-balance 

their user base across both access networks in 

order to maximize the capacity and maximize the 

QoE. 

Monica Paolini. That’s really important, because 

then you can actually maximize user resources. 

Because you don’t want a subscriber to make too 

many decisions if you can help it, right? 

John Fitzpatrick. Exactly. The device and the 

network operator are best positioned to make 

those decisions about which network users should 

be connected to. 

Monica Paolini. There are also some devices out 

there that do not have a SIM card. Does Passpoint 

help operators address this market, which has 

been largely outside of operators’ reach?  

John Fitzpatrick. Absolutely, I think it will. We’re 

doing a couple of things in that space. The first is 

that Hotspot 2.0 and Passpoint will enable the 

mobile device to garner much, much more 

information about the Wi-Fi access network 

before it connects to it. Before we’re connecting, 

we can know what the quality of that network is 

going to be, how congested the network currently 

is, and what operators I’m going to be able to 

authenticate with when I connect to that network. 

The first thing we’re doing is integrating Hotspot 

2.0 functionality into ANDSF, in line with 3GPP 

Release 12, which is due out later this year. That 

work is taking all the additional information that’s 

available from Hotspot 2.0 access points, and 

integrating that into ANDSF and policies. 

The operator will then be able to create even more 

granular policies. For example, if the user is 

currently connected to LTE, and the time of day is 

not rush hour, and the Wi-Fi network to which 

they could be connected has a link speed greater 

than some number, and a quality greater than 

80%, then connect them. We’ll be able to create 

these much more granular policies, which again, all 

help to improve the quality of experience.  

The second thing, for non-SIM devices we’re going 

to rely on Hotspot 2.0, Release 2. It will enable 

some aspects of policy control and network 

selection rules. We are looking at integrating that 

functionality into our ANDSF products, so you’ll be 

able to manage both SIM and non-SIM devices 

from the central point.  

Monica Paolini. This is what you’re doing from the 

network side. But there is also some action that 

you can take from the device side, because some 

subscribers might want to decide what to do, so 

they have their own policy.  

John Fitzpatrick. Openet is building an end-to-end 

solution. We’re building the client on the mobile 

device, and we’re building the server side of this. 

It’s very important that anything we do in this 

space is fully standards compliant. Our server talks 

S14, which is the ANDSF-defined interface, to our 

client. We’ve also interop-tested with other client 

vendors to make sure that, although we’re 

providing our own client, our server can talk to a 

large number of other client vendors as well. 

On the client side, we provide the operator with an 

over-the-top application for Android, so it can be 

made available in the application store as an OTT 

application – it doesn’t require any modifications 

to the mobile device. 

Another way we provide it is as an SDK. If the 

operator, for example, has its own application and 
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it wants to integrate ANDSF functionality, we give 

it an SDK and, with a very simple API, it 

immediately gets ANDSF functionality within that 

application. 

As I mentioned earlier, on that application we do a 

lot of analytics, a lot of gathering of information, 

including application usage. We learn what 

applications the users use most often, and how 

much data they’re consuming for each application, 

both uplink and downlink, and across the cellular 

network and across the Wi-Fi network. All of this 

gets pushed up to our server. 

This gives a lot of insight into user behavior. 

Typically when a user is offloaded onto a Wi-Fi 

network, the operator pretty much loses visibility 

of what that user is doing. For example, in the 

application case, what we can say is, “This user is 

consuming a lot of YouTube traffic, Facebook, and 

so on when they’re connected to Wi-Fi, but when 

they’re connected to this other network, their data 

usage is very, very small.” 

That may be because the user is very price 

sensitive, and so you could target that customer 

with some kind of data bundle and offer, to 

incentivize the user to consume more data on the 

cellular network. 

We provide additional functionality too. We have a 

map view so users can see where the access points 

they can connect to are, and they can get 

directions to those access points. We provide 

them with information about their data usage 

across all networks, and, of course, the 

applications. 

Within the client we also have a battery-saving 

feature. We can automatically turn off the Wi-Fi 

network, or the Wi-Fi radio, in the client device 

when the client is in a location in which we believe 

it doesn’t have any Wi-Fi access – or we know 

there’s no ANDSF access points. Then, 

automatically turn Wi-Fi back on when the user 

enters an area into which we believe ANDSF-

provisioned Wi-Fi access points are available. 

That also extends to the user’s own Wi-Fi access 

points. For example, if the user adds a Wi-Fi 

network as a favorite to the one in their home, the 

one in work – we can provide that same 

functionality. It also means that those Wi-Fi access 

points automatically get higher preference than 

the ANDSF Wi-Fi access points. 

If you selected your home Wi-Fi access network 

and the ANDSF client kept offloading you onto 

another Wi-Fi access network that the operator 

provided, you’d be pretty upset. You have to have 

a mechanism to manage that as well. 

Monica Paolini. This, too, provides a lot of 

opportunities to monetize Wi-Fi, which is an issue 

that operators raise all the time. You can monetize 

it both in terms of new services and in terms of 

differences in location-based services as well.  

John Fitzpatrick. This is part of Openet’s 

interaction gateway product, which provides the 

end user with insight into their data consumption 

and so on.  

We can also provide location-based offers to the 

user. For example, if the user enters an airport and 

they stay in the airport for longer than some 

predefined period, we can send them an offer for 

a data roaming pass. 

We can also integrate that with our Wi-Fi offering. 

We can provide Wi-Fi bundles to be automatically 

provisioned and pushed down to the users. When 

users buy a Wi-Fi bundle, we automatically push 

down the ANDSF policies, and, when they go into 

those coverage areas of those Wi-Fi networks, 

they’ll automatically get connected. 

Monica Paolini. We talked about how you help 

operators, but what sets you apart from the rest of 

the industry?  

John Fitzpatrick. Our ANDSF solution is built upon 

this same framework as our policy solution, as are 

all of our other products, and so we inherit, then, 

all of the integration with other network elements, 

the flexible business logic engine that we have 

built in, and the massive scalability that’s a key 

part of our technology. 

As I mentioned earlier, this enables us to have a 

large number of use cases that are beyond 

standard ANDSF, but to still do it in a standards-

compliant manner. Integrating with a large 

number of network elements, and taking into 

account a much more dynamic network behavior 

to affect the network selection policies – that 

really sets us apart and differentiates us. 

Monica Paolini. How do you see your role 

changing over the next five years?  
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John Fitzpatrick. We see Wi-Fi become a much 

more key technology in the cellular space. We’ll 

start to see much more widespread rollout of 

Hotspot 2.0–capable Wi-Fi access points, which 

will change how easy it is for users to get access to 

those networks.  

I think we’ll also see the deployment of SaMOG, as 

operators start deploying new Wi-Fi networks. 

That is where they’re going to bring all of the 

traffic back through the core network, and that 

means then of course they can provide unified 

policy control much more easily, and unified billing 

and charging as well, across both networks. 

I also think we’ll start to see, with technology like 

802.11ac, a greatly increased Wi-Fi network 

performance, and it will make Wi-Fi even more 

appealing to operators to improve the capacity of 

their networks. 

From an ANDSF perspective, our role and our 

value is really on the server side. That’s where our 

key technology is, and that’s where our pedigree 

is. On the client side, I think what you’ll see 

happen is that the chipset vendors themselves will 

start to integrate ANDSF functionality into the 

chipsets, and then it will become part of the 

connection managers on the mobile device 

themselves. 

Our role on the mobile device will slowly get 

eroded over time. That’s why it’s extremely 

important that our solution, and the ANDSF 

solution, is fully standards compliant. Our solution 

is currently fully standards compliant to 

Release 11, and we’re incorporating Release 12 

features at the moment. That means we’ll be able 

to talk to any ANDSF client, or indeed the ones 

that are actually integrated into the mobile device 

themselves. 

Monica Paolini. This is all very exciting. Looks like 

there is a lot more work for Wi-Fi. It’s an amazing 

technology when it comes to the ability to adapt to 

new environments. John, thank you so much for 

being with us.  

Today our conversation was with John Fitzpatrick 

of Openet. This was a part of the report on Wi-Fi 

and cellular integration, and it’s available on our 

website, Senza Fili, www.senzafiliconsulting.com. 
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Monica Paolini. Welcome to our conversation 

with Ronny Haraldsvik, CMO at SpiderCloud 

Wireless. This conversation is part of our report on 

Wi-Fi and small-cell integration.  

Ronny, to get started I would like to ask you to give 

us an introduction about what SpiderCloud 

Wireless does. 

Ronny Haraldsvik. SpiderCloud Wireless has been 

around since early 2008 when the small-cell space 

was called femto. We never referred to ourselves 

as a femto company, since our focus was on 

scalable small cells. Our company set out to fix 

what we believed would become a big problem 

after we had enough penetration of small cells in 

the market – that you would have the same issues 

of interference, scalability, security and 

coordination that you had with Wi-Fi. If you go 

back to 2002–2003, we saw a new set of players 

emerging in the marketplace to address large-scale 

deployments of Wi-Fi into the enterprise space – 

medium and large enterprises. And that’s exactly 

what SpiderCloud set out to do in 2008 when we 

created the company: to create a highly scalable 

small-cell system that could address the needs of 

hundreds or thousands of subscribers inside of an 

enterprise environment on behalf of the 

customers that we sell to, which are the mobile 

operators. 

Monica Paolini. What is special about the 

enterprise? Why can’t you just use femto cells in 

the enterprise? 

Ronny Haraldsvik. Femto cells can be used in the 

enterprise, and it’s clearly a market that Cisco 

(Ubiquisys) is going after for the small business 

perspective, along with Alcatel Lucent. They can 

have two or three or five, maybe up to six, small 

cells and try to mesh them together.  

This becomes a much bigger issue when you get 

into three-dimensional deployments – such as 

atriums or open spaces where you need small cells 

to cover 500 to 5,000 subscribers, over 300 to 

500,000 sq ft or more. Even deploying inside of a 

50,000 sq ft facility, you end up having a lot of 

issues with interference between stand-alone 

small cells. And more so if voice is important, as it 

is to all enterprises: you want to be able to rely 

upon your mobile device and the network to 

deliver at 100% reliability when it comes to voice 

sessions, which means soft handoffs become 

incredibly important. 

Those are the challenges that we took on, which 

meant we couldn’t necessarily just work with any 

basic off-the-shelf SoC, or any of the basic 

hardware or even software, and make that work. 

We had to apply the same principles as Wi-Fi 10 or 

12 years ago, with a controller to radio nodes 

relationship, which is what Aruba did with Wi-Fi in 

the enterprise. 

Monica Paolini. Why do we need to use small cells 

for voice? 

Ronny Haraldsvik. If voice is not a requirement, 

then data is easily handled just with Wi-Fi. But it 
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really has to do with the experience that you want 

to have with the mobile device, which is you want 

to have voice and data, and make it work reliably 

wherever you are, wherever you are walking. You 

need to coordinate, and you need to address 

voice, because voice is not going to go away as a 

requirement, even with a 5- to 7-year transition to 

LTE. 

Monica Paolini. It’s interesting that there is more 

and more talk about 3G rather than less when it 

comes to small cells. If you’re an enterprise, why 

don’t you just have all 4G? What do we care about 

3G? 

Ronny Haraldsvik. A lot of attention’s been put on 

4G and LTE. But 3G is going to be around for a 

very, very long time. So you need a system that 

supports 3G, LTE and Wi-Fi, and that’s what we 

have in the SpiderCloud approach, with a scalable 

multi-access small-cell system. 

And if you care about voice, then you’re going to 

care about 3G for quite some time. Voice over LTE 

is just beginning to be adopted. It’s going to be a 

long time before a lot of devices and cross-border 

networks support it. So you’re going to have to 

call-fallback to 3G for quite some time, which 

means that in any type of enterprise deployment 

or deployment of small cells anywhere, you can’t 

just forget about 3G, because you would be 

forgetting about 85% of the market today and 50% 

of the market tomorrow. 3G, LTE, Wi-Fi are going 

to be living together for at least another decade, if 

not more.  

Monica Paolini. You support cellular and Wi-Fi 

within the same system and also inside the radio 

nodes. Why so, and how is it going to work out in 

the enterprise? The enterprise specifically has its 

own Wi-Fi. 

Ronny Haraldsvik. Wi-Fi’s not something you lead 

with as a mobile operator, when it comes to 

delivering a small-cell system solution, but it’s 

something that you need to be inherently aware 

of, that it’s going to be a service requirement for 

the enterprise.  

Our system is a scalable, small-cell system that can 

grow with changing demands. Deploy 3G today 

and add 3G/Wi-Fi when needed, or deploy 3G/LTE 

and add Wi-Fi later. This is a system that creates 

seamless handoff between the small cells. The key 

to our whole system is the Services Node, which 

employs a lot of software algorithms to control the 

radio nodes, to handle interference mitigation and 

for coordination with the macro-cellular network 

to provide a best user experience. 

We can deploy up to 100 radio nodes, all powered 

by existing Ethernet infrastructure that’s already 

there. With a VLAN we can actually be deployed 

and connect back into the mobile operator’s core 

in a matter of days after the initial visit to the 

customer’s premises.  

The Services Node has all the neighbor lists 

populated in such a way that there’s direct 

coordination with the outside macro-cellular 

network. So if the radio node on the fourth floor 

on the east side of the building experiences a 

strong signal from the macro-cellular network 

outside, the system organizes itself so that it 

doesn’t interfere with the macro-cellular network, 

which is the core principle of our system.  

It’s also through self-organizing network (SON) and 

self-optimizing capabilities that we can deploy our 

systems so fast over the existing Ethernet 

infrastructure using the Services Node. The 

Services Node actually will see the location of each 

radio node, and each radio node will then, 

automatically, have information about where the 

neighboring radio nodes are, with a three-

dimensional network view. 

The one thing that’s key about our system is that 

we don’t want to arbitrarily just hand you off to 

the next cell if you move around the building. If 

that next cell is at capacity – because there may be 
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a lot of people congregating in the cafeteria or in a 

conference room – it would be bad to hand off 

arbitrarily to it, which is what you will experience 

with LTE. The next small cell with the best capacity 

may even be two floors up. Because you may be in 

an atrium type of setting, you will hand off to the 

best-connected small cell, which may be the 

closest or the small cell two floors up. That’s where 

the three-dimensional aspect comes in to how we 

operate, and why the self-organizing, self-

optimizing aspect of what we do becomes critically 

important, not just for deployment, but for 

ongoing management of that system.  

So, what about Wi-Fi? Wi-Fi, we believe, has to be 

a part of this system, because more and more 

enterprises are transitioning towards less capex 

and more opex spending, which means they want 

to buy and manage less and less. They want to 

actually get more and more towards a software-

oriented network model, with capacity 

applications and services on demand. And that’s 

where Wi-Fi becomes a critical component of that 

services model. With Wi-Fi in the system, it can 

become a service to the enterprise to manage 

guest Wi-Fi.  

We’ve been very happy to see Meraki get acquired 

by Cisco a year and a half ago, because it 

underscored the importance of the managed 

services model that’s emerging in the Wi-Fi space, 

where cheaper good-enough or managed Wi-Fi 

becomes more prevalent. And we see other 

companies, like Aruba Networks and other types 

of players, adopting this same type of model. 

So, if Wi-Fi’s already in our system, then as the 

enterprise becomes more and more confident in 

the reliable 3G and LTE service that’s being offered 

to them, it could be offered up with Wi-Fi as a 

service as part of this same system. That’s why we 

built it in from the get-go.  

We’ve had it operational in our own offices for a 

year and a half, and it’s working really well. It’s 

something that we believe is going to be there and 

needs to be there as part of the services model, so 

that in phase one, an operator may go and deploy 

a 3G and LTE system that may already have 

dormant Wi-Fi in it. And as IT directors become 

more accustomed to the fact that this is working 

reliably, that opens up the dialogue to have Wi-Fi 

as a service that could be offered. It may start with 

guest Wi-Fi, which is becoming more and more 

used in the US, even by large banks and large 

financial institutions, where the guest Wi-Fi 

portion is already managed by a mobile operator, 

and then lead to more mission-critical parts of the 

networks over time. 

We see Wi-Fi as one of the first services to be 

offered up as a managed service, along with PBX 

integration, MDM compliance, etc. And that’s why 

our company, besides focusing on scale and rapid 

deployment over Ethernet, makes sure that the 

managed services component is built into the 

Services Node so that an operator, after it has 

deployed for coverage and capacity, recognizes 
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that there is a revenue model that will be viable 

for years to come, as enterprises transition from 

an 80% capex to an 80% opex model, which we 

absolutely believe will be prevalent in the next five 

to seven years. 

Monica Paolini. As you integrate Wi-Fi and 

cellular, you actually bring more value out of the 

two. So having both technologies separate is less 

valuable than having them together, because 

when combined you can optimize how you shift 

traffic between the two of them. And is that 

something that you support?  

Ronny Haraldsvik. This is why it’s important that 

when an operator gets an entry point into an 

enterprise and deploys a 3G, LTE cellular network 

infrastructure using small cells, they don’t have to 

go in and create a different network overlay later 

to add Wi-Fi as a service.  

If cellular and Wi-Fi run on two different overlay 

networks, it’s going to be a nonstarter, just like 

going into an enterprise and requiring them to lay 

down new coax, or penetrating the building and 

going through their risers – that’s a DAS-oriented 

model. It’s not going to work if you have 

customers residing in the same building, but one is 

on the third floor, one is on the ninth floor, and 

one is on the tenth floor. You can’t take on a DAS-

oriented project or a project that requires different 

overlay networks, because the business model 

won’t fly for the operator, and it definitely will not 

fly for the enterprise IT, which does not like to 

have any type of disruption to their IT operations, 

period. 

Monica Paolini. There has been a revival of 

interest in DAS lately. How is what you do different 

from a DAS perspective? 

Ronny Haraldsvik. We use the existing Ethernet 

that is there, and we also deploy just like Wi-Fi. But 

we can scale the small-cell system to a 100 multi-

access radio nodes. And from the Services Node 

back, that is one connection back into the mobile 

core. We don’t have to go over expensive fiber or 

run coax. We don’t have to go through a lot of 

repeaters and so forth. We don’t have to 

penetrate or touch the building. We don’t require 

any building code approval for our deployment. 

That’s going to be the biggest differentiator and 

the advantage that we have over the DAS 

approach.  

And from the business model perspective, we can 

be deployed on one side of the building or 

different floors of a building. Wherever there’s a 

LAN, we can be deployed, and we shine where you 

have 150–200 subscribers to 5,000 and above – 

that’s really where our system comes into play, 

and we can scale up to say, 10,000, which clearly 

takes us into the DAS-oriented space. But unlike 

DAS, we don’t require the whole entire building to 

be owned by the same entity or that an operator 

have 100% penetration in the building. What we 

give operators is scalability and flexibility to the 

deployment model. 

And rather than working in time frames of three to 

nine months, our system can be deployed in a 

matter of days. So from the time we are allowed 

into the building, we can deploy 50,000 sq ft in less 

than a day, and 500,000 sq ft in less than four or 

five days. It’s time, it’s scalability, it’s flexibility. 

Those are the key advantages that we bring to the 

table for the operator. 

Monica Paolini. Scalability is also important from 

the operator point of view, because they have the 

same solution they can deploy in enterprises of 

different sizes with different degrees of complexity 

that they have to manage.  

Ronny Haraldsvik. You bring up an important 

point here, which is very often overlooked. Often 

we get the question “Why can’t an enterprise just 

buy and install this and manage this themselves?” 

Well, technically, there’s nothing that prevents 

that from happening. But operationally, there are 

a lot of reasons that shouldn’t happen.  

If an operator puts in a system, it guarantees the 

operation of that system, and that it will work with 

a plethora of devices in its network. It makes sure 

to have a uniform system and software load across 

the network that is managed.  

This is why operators should be in control of the 

managed network or the small-cell networks as 

they get deployed into the enterprise. They can 

show the true value of coverage, capacity and 

services. Before, it has been too cost-prohibitive 

for them to do so, and that’s why they’ve been 

pushed down the avenue of cost sharing through a 

multi-operator DAS, and this is why it takes 9 to 18 

months to do joint projects with various operators. 

And the business case is bad for all the operators 

involved, which is why it rarely happens. This is 

also why 85% of medium to large enterprises have 
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an underserved need for reliable in-building 

coverage and capacity. 

Monica Paolini. Some enterprises might want to 

have multiple operators having their own small 

cells. So it would be three, four operators within 

the same building. Do you think it’s going to 

happen? Can you support it? 

Ronny Haraldsvik. The need to offer multi-

operator support in a small-cell system is a little bit 

of a red herring. Look at how long it took for DAS 

to really become multi-operator, and the costs and 

the time associated with it. So why is it that multi-

operator doesn’t mean four operators anymore?  

If you take a look in the US, most enterprises have 

the great majority of subscribers with two 

operators: two operators putting in a pizza box 

into the data center, or two pizza boxes into the 

data center, and running it off Ethernet. That’s not 

a big cost burden for any of the operators to bear, 

nor is it anything that’s intrusive, considering that 

in the US, most of the radio nodes that we deploy 

sit underneath the ceiling in such a way they won’t 

be seen anyway.  

So multi-operator support means different things. 

Can you easily deploy two operators for two 

different systems, and still make cost sense and 

revenue sense for both operators? Absolutely. If 

an enterprise requires four operators, even if it is 

willing to pay for it, you’re going to have to sit 

around a long time for that to happen, to get to 

that point where you can support four different 

operators in the same small-cell form factor.  

If an operator with an enterprise deployment 

shows up and says, “We can fix this problem for 

you, and we can fix it within a week,” you’re likely 

to go with that operator, because they’re fixing the 

problem for your subscribers inside of this building 

or enterprise. This is actually what we have seen in 

some of the early deployments in the UK, where 

the subscribers from the other operator churned 

over, and willingly signed up with the operator 

that provides reliable in-building coverage and 

capacity. The sooner you do it, the sooner it 

becomes a competitive advantage for the mobile 

operator that’s willing to actually bear the cost 

burden of deploying the system.  

Monica Paolini. Let’s go back to the self-organizing 

capability. It’s very important how you plan for this 

network. Enterprises are very dense 

environments, and you can’t just put the 

infrastructure where convenient. You have to plan 

for it.  

Ronny Haraldsvik. In a very dense environment 

like most enterprises, interference mitigation and 

handoff become critically important. And this is 

why we recognized from the beginning that we 

need a system that could scale and take those 

components out of the equation. 

Being able to deploy where you can actually see 

other radio nodes and do handoff in a matter of 

milliseconds with very low latency, being able to 

hand off to varying radio nodes based on capacity, 

traffic, application and so forth are critical 

components. Thus is why you need to make 

planning automatic. You can’t make this a manual 

thing.  

This is why it’s so difficult to do a mesh release, 

because without a separate coordination point to 

manage these networks, it becomes almost 

impossible to handle if just a new component is 

put into that network. And that new component 

could be someone putting up a Wi-Fi access point 

next to the system and not thinking about the 

interference that that creates, or someone 

bringing in their own rogue femto cell and so forth. 

All those things are going to need to be as 

automatic as possible. Just like you discovered in 

the early deployments of DSL, the more you have 

to do a truck roll, and the more you have to show 

up at the facility, it just starts breaking down the 

business case fast and furious. 

Monica Paolini. How important is local switching 

and breakout in the enterprise environment? 

Ronny Haraldsvik. It’s not important today, but it 

will be tomorrow. We built it into our system. We 

do support local breakout, both in voice and data. 

It becomes critically important as you get beyond 

that coverage-and-capacity deployment model 

and, maybe, even break into providing Wi-Fi as a 

service, and then recognize that you don’t have to 

bring back the call to the mobile operator’s 

network. In a bigger enterprise, you have 

integration with the PBX and you want to keep the 

traffic local both from a voice perspective, and, 

potentially, from a security perspective – whether 

you want to do DNS caching, or you want to be 

able to cache things locally, or you want to run this 

through a security server, all depending on if this is 

a bank or government and so forth. 
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Local breakout becomes important later, and 

that’s why you want to have this built into the 

system from the get-go, which we have, rather 

than it being an afterthought a couple of years 

down the line. So local breakout becomes very, 

very important for the larger-scale deployments of 

small cells. We believe it’ll probably be in mid-2015 

and later. But if you don’t have it in the system 

today, you’re going to have a hard time fixing it 

later. 

Monica Paolini. What is it that makes SpiderCloud 

unique?  

Ronny Haraldsvik. We made some big bets, back 

in 2008: that scalability would become important; 

that soft handoff for voice would be important; 

that self-organized and self-optimized capabilities 

were going to become important. You need to 

scale a system from 50,000 sq ft up to 1 million 

sq ft – that was going to become important. 

Managed services from an operator were going to 

become important, to facilitate applications as a 

service.  

Those are all a lot of big bets that we made many, 

many years ago, and now they are getting the 

attention that we believe they deserve. What 

makes us special is the scalability and flexibility 

that we have built into our system with an eye 

beyond coverage and capacity. We think those are 

table stakes. It’s really about the managed services 

and the $100 billion revenue opportunity that 

exists with the operators to go and help 

enterprises in this transition from 80% capex to 

80% opex. It’s a tremendous opportunity.  

And, in prediction of needs for 2014-15, last fall we 

announced an industry-first innovation by 

introducing an enterprise small cell, the SCRN-310, 

a dual-band radio node which can simultaneously 

offer 3G and LTE service, and is software-

upgradeable to operate in two spectrum bands of 

LTE. We now have a complete portfolio of PoE 

small cells as part of the scalable E-RAN system 

with transmit power options of 100 to 250 mW. 

Monica Paolini. What do you see coming in the 

next five years? 

Ronny Haraldsvik. The priorities that we see from 

the perspectives of an operator and a network 

infrastructure vendor, including also the 

established RAN players – like Ericsson, Alcatel-

Lucent, Huawei, Cisco and NSN – is that vendors 

work with the operators beyond just looking at 

deploying radios and the radio access network, to 

understand the end users’ requirements – in this 

case, the enterprise. They set up their networks 

and infrastructure in order to offer the enterprise 

more managed services, and those become the 

priorities moving forward. That is why coverage 

and capacity is just phase one. It is on services that 

the revenue growth and most of the attention 

from the industry will be focused over the coming 

three to five years. 

Monica Paolini. Ronny, it was a pleasure talking to 

you, and thanks for taking the time. 

Glossary 

DAS Distributed antenna system 
DNS Domain Name System 
DSL Digital subscriber line 
E-RAN Enterprise radio access network 
GGSN Gateway GPRS support node 
GPRS General packet radio service 
HNB Home Node B 
IP Internet Protocol 
IT Information technology 
LAN Local area network 
LTE Long Term Evolution 
luh Interface between the HNB and the 

HNB gateway 
MDM Mobile device management 
MME Mobility management entity 
MSC Mobile switching center 
PBX Private branch exchange 
PGW Packet gateway 
PoE Power over Ethernet 
RAN Radio access network 
S1-C Interface between eNodeB and 

MME 
S1-U Interface between eNodeB and 

SGW 
SGSN Serving GPRS support node 
SGW Serving gateway 
SoC System on a chip 
SON Self-organizing network 
VLAN Virtual local area network 
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Monica Paolini. Welcome to this conversation 

with Edgar Figueroa, President and CEO of Wi-Fi 

Alliance. This conversation is part of our report on 

Wi-Fi and cellular integration that you can 

download from the Senza Fili website.  

Edgar, why don’t we start by talking about what is 

the role of Wi-Fi Alliance in promoting Wi-Fi and 

cellular integration? 

Edgar Figueroa. In general, Wi-Fi Alliance is the 

hub of the worldwide Wi-Fi industry. We have 

been playing that role for the better part of 15 

years now. We have been right at the epicenter of 

this convergence between the 

telecommunications world and the IT or computer 

world, and we continue to play the catalyst role. 

We have, for more than five years, had a number 

of initiatives that we’ve rolled out to facilitate the 

adoption of Wi-Fi by both fixed-line and mobile 

operators. And probably the most recent 

manifestation of that is a program called Wi-Fi 

CERTIFIED Passpoint™, which brings the 

experience with mobile over a Wi-Fi network 

that’s very much akin to the experience users have 

with their mobile phone in the cellular network. 

And just as important, it gives the operators the 

ability to continue to maintain that subscriber 

relationship, and all of the details associated with 

that subscriber, that’s important to the operators. 

Monica Paolini. There’s a lot of excitement about 

Passpoint among vendors, operators and 

subscribers. Let’s talk about the devices and what’s 

special about mobility or the integration with the 

mobile infrastructure. What is it you need to do 

differently or on top of what you were already 

doing, when we would have just connected to our 

home or work access point? 

Edgar Figueroa. The computer industry has played 

a key role in moving the telecommunications 

world to the IP world, right to where voice and 

video are just different types of streams that are 

still being handled like data traffic. 

In that sense, maintaining the connectivity for 

those devices over a network that’s operated by a 

service provider poses the challenges of making 

sure you’re honoring the subscriptions, and the 

access, and the authentication, and the encryption 

mechanisms offered by that service provider. 

So it is a true example of the two worlds 

converging: one being the digital world, stressing 

that telecommunications systems migrate toward 

an IP system – and then, from the 

telecommunications side, those requirements 

being imposed on the IP world to honor 

subscriptions and to offer the mobility. 

And it’s very important, because the genesis of 

telecommunications is, of course, to give you the 

voice service wherever you went. It’s probably the 

best example of true mobility, but what we’re 

seeing in the Wi-Fi world is that more than 75% of 
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the two billion devices shipped last year cannot 

connect to a cellular network. 

For a service provider this is a terrific opportunity. 

Service providers can have access to the billions of 

devices out there that are Wi-Fi only, and offer 

connectivity to them. There is a terrific amount of 

data that service providers can be handling for 

those subscribers. 

We are working through the process of enabling 

service providers to roll out these services, so that 

consumers can connect their cameras, their 

gaming devices, their health monitoring systems 

and all of these types of Wi-Fi–only devices, so 

they have that connectivity wherever they take 

them. 

Monica Paolini. And that’s quite important, 

because there are a lot of mobile devices that do 

not have cellular, but pretty much all the mobile 

devices have Wi-Fi. This is surprising, because, at 

the beginning, Wi-Fi was not a mobile technology.  

There are two directions there. The first is to get, 

as you mentioned, the devices that have Wi-Fi but 

no cellular connectivity closer to the mobile 

operators. The second is to give SIM-based devices 

an easier way to authenticate into the network. 

Maybe you can tell us a little about what happens 

to both classes of devices. How do you facilitate 

the integration with cellular for both with 

programs like Passpoint? 

Edgar Figueroa. Passpoint is a technology that’s a 

unique recipe of a number of different 

contributing elements that was pulled together by 

Wi-Fi Alliance to offer the consumer an easy way 

to get onto a Wi-Fi network – the best Wi-Fi 

network that may be available wherever they 

happened to be – and to connect to that network 

securely, which is something that I think is a terrific 

value to offer to the consumer. For the most part 

today, in public-access environments consumers 

have to connect in the open, without security 

enabled. That is on the consumer side. 

On the network side, the operator has 

mechanisms to ensure that the subscriber is who 

they say they are, and has the ability to ensure the 

network is delivering the subscriber services that 

should go with the subscribers wherever they are. 

The way that shows up in the consumer devices 

will differ by vendor. Largely, the default is that the 

device is able to connect to the best network at all 

times, and it will do that without user intervention. 

But end users will always have the ability to 

override that, and be in control, as they are today. 

On the network side, though, it’s a complicated 

equation of multiple new technologies that have 

to be supported on the core – on the back end – 

by the service operators. The key technology is the 

Wi-Fi CERTIFIED Passpoint program 

Network discovery and 
selection 

Client devices discover and automatically choose networks based on user 
preferences, provisioned operator policy, and network availability.  

Seamless network 
access 

Wi-Fi hotspot access for in-network APs no longer requires an active selection 
or input from the subscriber. Passpoint uses a consistent interface and 
automated association process. 

Devices can be automatically granted access to the network based on multiple 
credential types. Passpoint supports SIM-based authentication, widely used in 
cellular networks today, as well as username/password combinations and 
certificate credentials. No end-user intervention is required in order to establish 
a connection to a trusted network.  

WPA2-Enterprise 
security 

All Passpoint connections are secured with WPA2-Enterprise for authentication 
and connectivity, offering a level of security comparable to that of cellular 
networks. Passpoint enhances WPA2-Enterprise by adding features to mitigate 
common attack vectors in public Wi-Fi deployments. 

Wi-Fi CERTIFIED Passpoint program: Release 2 (expected for 2014) 

Online signup  Standardized and streamlined process for establishing a new user account at 
the point of access, driving a common provisioning methodology across 
vendors. 

Operator policy  Mechanisms to support operator-specific subscriber policies, including network 
selection policy. 

Source: Wi-Fi Alliance  
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authentication engine, an AAA engine which they 

have to control on the back end, and with which 

they can now authenticate all manner of devices – 

not only SIM-based devices, but also devices that 

use the most popular authentication protocols out 

there. In addition, the protocol supports all of the 

AAA protocols and services that the service 

providers are already using.  

We have to strike that balance of all the elements 

coming together to make the solution possible. It’s 

elegantly simple. But in the back end, the 

knowledge-technology recipe that has to be put 

together is tremendously complex. 

Monica Paolini. Passpoint really works to address 

that issue of the public networks, the Wi-Fi 

networks owned by mobile operators or other 

service providers, such as cable operators or fixed 

operators, rather than helping us connect at 

home.  

Edgar Figueroa. It’s interesting you say that, 

because there is a lot of interest from both fixed 

and mobile operators. There is a value that 

Passpoint brings to home networks.  

For example, to relieve the whole burden of 

having to set up your home network with the 

latest version of security, especially as you 

transition from one mobile device to the next. The 

life cycle for a mobile phone is not very long. 

When you go and upgrade your phone, your 

laptop or your tablet, you can bring them onto 

your Passpoint network at home and are able to 

get those devices connected easily. 

Also, as I mentioned, users have an increasing 

diversity of Wi-Fi products that they are using. We 

are just on the verge of the internet of things. We 

are seeing health-related devices, personal fitness 

devices, even automotive applications. 

As they bring more and more of those types of 

devices into the home network, they can do that 

very easily with Passpoint. There is an opportunity 

for fixed-line service providers to offer that to the 

consumer, alleviating that burden of continuing to 

expand that network for the consumer. 

It’s a solution that is very well suited for both fixed-

line and mobile operators. I think it’s no 

coincidence that, as we have brought more and 

more Wi-Fi–enabled, Passpoint-enabled devices 

into the market, we have seen a terrific level of 

additional rollouts for hotspots by fixed-line 

operators, as well as mobile operators. 

To give you an example, I think they just 

announced that Comcast is on the verge of going 

over one million hotspots that they have rolled 

out. We are seeing that aggressiveness in the 

hotspot rollouts by operators in the last year or so. 

Monica Paolini. This brings Wi-Fi beyond being 

just an access technology to enabling new services.  

Edgar Figueroa. One of the concepts that will 

resonate is the ability that previously was going 

untapped for fixed-line operators that have fiber 

into very densely populated areas, such as train 

stations: the ability to light up hotspots and offer 

internet connectivity to all those users that are 

transient in those environments. With Passpoint, 

not only are they offering that service, but they are 

also offering the simplicity that goes along with it. 

Monica Paolini. Probably the best-known part of 

Passpoint is SIM-based authentication and security 

and the benefits it brings to subscribers. In terms 

of the services that fixed and mobile operators 

provide, with Passpoint operators can integrate 

Wi-Fi also on the policy side. They can have a 

consistent set of services that is offered through 

Wi-Fi and cellular. 

Can you tell us a bit more about the Passpoint 

features for policy integration – for instance, 

roaming, and traffic balancing? 

Edgar Figueroa. What we have aspired to with 

Passpoint, and what we’ve been able to 

accomplish, is that Wi-Fi would become another 

network option to operators in this ongoing 

evolution toward heterogeneous networks. We 

are well on our way with Passpoint. Our intent is to 

go to successive generations of additional 

enhancements to the Passpoint capability. 

The first rollout largely accomplished the key 

target features for the program, which, as you 

mentioned, included security and network 

selection – being able to track the subscriptions 

and harmonize all the back ends so that, across 

different service providers, operators would have a 

mechanism to set up roaming agreements and 

honor each other’s subscribers across the world. 

It’s been terrific to see the level of adoption in real 

products. We’re starting to see the trials turning 

into rollouts for Passpoint. In subsequent versions 
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– one of which will be rolled out in the next few 

months, in 2014 –is the capability to do on-the-

spot signup for new subscribers. 

We all have the experience of, maybe, the day and 

the life of the traveling salesman. Maybe in the 

morning you’re at home. In the afternoon you 

have to create an account at the train station. 

Then create another account at the airport, and 

maybe another account on the plane as you 

connect on Wi-Fi, in different scenarios. 

But with this new harmonized approach to 

subscriptions, first of all, provisioning would be 

done in a similar way across the different service 

providers. Then, by virtue of the capabilities we’ve 

already rolled out, service providers will be able to 

honor each other’s subscribers.  

Finally, you mentioned the policy piece, which is 

key. As we all know, billing structures change from 

time to time. The particular service offerings 

change. The operators need a way to be able to 

roll out those changes to the subscribers. With 

Release 2 of Passpoint that’s coming this year, 

operators will be able to do that instantly and roll 

out a new set of policies, and push those out to 

their subscribers over the Passpoint link. 

Monica Paolini. There is sometimes confusion 

about who does what in the Wi-Fi and cellular 

space. You work in the Wi-Fi end of the network, 

but there are other organizations, such as the 

3GPP, that work on the cellular part. Can you tell 

us who’s doing what?  

Edgar Figueroa. We started off by saying that we 

are observing right before us this convergence of 

telecommunications and the IT world. It’s a big, big 

task. Telecommunications and mobile have been 

around for decades. Wi-Fi has been very successful 

over its fifteen years: there is more than one Wi-Fi 

device per person in the world out there. 

The convergence, bringing about a harmonious 

transition, is something that has required a 

number of organizations, as you might imagine. 

There are organizations that develop standards. 

There are trade associations, like Wi-Fi Alliance. 

We are making sure that we have ongoing 

dialogue with all of the parties that will need to 

contribute into this evolution. 

I would say that there are certainly a number of 

organizations that are involved in developing core 

cellular radio technologies. There are organizations 

that are focused on evolving the mobile market. 

Wi-Fi Alliance continues to be very focused on the 

growth and adoption of Wi-Fi. This convergence is 

of interest to us. 

We are continuing to focus on the over-the-air 

link, product interoperability, and regulations 

around the world that might impact Wi-Fi. And 

making sure that there’s a healthy, open dialogue 

with all the different organizations that are 

focused in different areas where Wi-Fi is 

emergent. 

Among some of our peer liaison organizations that 

I should mention by name, we have an ongoing 

dialogue with 3GPP, with the GSM Association, 

with CableLabs in the fixed-line side, with the 

Wireless Broadband Alliance, with the CTIA. It is a 

sort of multiparty approach to convergence. 

Monica Paolini. From an operator point of view, 

adopting Passpoint requires more work, more of 

an effort. Why is it worth it for an operator to put 

the extra effort and extra expense and cost into 

adopting Passpoint and deploying a true carrier 

Wi-Fi network? 

Edgar Figueroa. That’s a great question, Monica. 

I’d say that the opportunity for operators is 

unquestionable. In fact, the data already proves 

out that there is a terrific upside to offering Wi-Fi.  

If you just look at the mobile segment, already 

today, Wi-Fi carries about 69% of all of the data 

traffic that’s going over mobile handsets and 

tablets. If you expand that to the rest of the Wi-Fi–

connected devices, the opportunity becomes 

terrific. 

Today, the so-called offload experience involves 

the operator losing that intimate connection to the 

subscriber. Usually, the subscriber needs to go off 

the cellular network and be untethered and 

disconnected from their service provider when 

they do go on onto Wi-Fi. In the majority of cases, 

that’s what happens. There are some instances 

when the operator is able to maintain the 

relationship even through Wi-Fi. 

But Passpoint brings the opportunity to maintain 

that connection with the subscriber even when 

the subscriber goes off to Wi-Fi, to potentially 

monetize the bulk of the traffic that’s already 

happening over handsets and tablets. And then 
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there are additional opportunities to connect so 

many other devices that are not cellular devices. 

For those reasons, we have seen without 

exception that operators are counting on that and 

moving to deploying Wi-Fi. Of course they all have 

different strategies to do that, but I’ve yet to come 

across an operator that has told me, “No, we are 

not doing anything with Wi-Fi.” 

Monica Paolini. How do you see, in terms of the 

interfaces – most of the traffic on mobile devices 

was over Wi-Fi but, surprisingly, most of that 

traffic is still 2.4 GHz. There is a huge amount of 

spectrum out there that still can be used by mobile 

devices. For operators this is really a crucial issue, 

because they have such limited spectrum 

availability. So they are looking for any spectrum 

available.  

Can you tell us how fast is the increase in the use 

of the 5 GHz band in mobile devices growing right 

now? 

Edgar Figueroa. There is another great 

opportunity for operators just in terms of passing 

the traffic from their Wi-Fi devices that are 

connected on cellular networks over to the Wi-Fi 

network. There is even a better opportunity to 

handle an increasing amount of data traffic over 

5 GHz. I’d say that we are really at this turning 

point, in terms of having more traffic used by 

5 GHz, that’s been afforded by the advantages of 

IEEE 802.11 ac or Wi-Fi CERTIFIED™ ac, which is 

the latest version of Wi-Fi. It’s exclusively 5 GHz, 

and it is the first version of Wi-Fi that’s at a Gbps 

speed. 

That means that not only can the traffic go 

through that network much faster and get 

dispatched more quickly, but also it offers a 

number of opportunities for additional services – 

perhaps differentiated or enhanced services for 

operators. But really the reason that we’ll see 

more use of 5 GHz is that there is a generational 

difference between 802.11 n and Wi-Fi 

CERTIFIED ac which is the latest version of Wi-Fi. 

Once we start to see more Wi-Fi CERTIFIED ac 

equipment deployed, particularly on the service 

network side, then we’ll see more and more traffic 

using 5 GHz. 

Monica Paolini. If you look a little bit farther out, 

there is the 60 GHz coming, and that’s very 

interesting, but it seems like it’s more for 

multimedia devices or other devices rather than 

mobile devices. What are your thoughts on that? 

The mobile devices will benefit because you 

reduced the traffic in the other bands, but will we 

see a mobile phone with 60 GHz anytime soon? 

Edgar Figueroa. With the advent of 4K and 3D 

televisions, and with almost all televisions now 

with Wi-Fi, it’s easy to see the advantage of WiGig 

for multimedia; it is something we can relate to 

very easily. However, WiGig has built in this ability 

to seamlessly transition between 60 GHz and 

traditional versions of Wi-Fi, and, of course, it has 

the ability to support IP. 

When you couple that with the interest and the 

continuing push towards smaller and smaller data 

cells, you could see sort of a confluence of all those 

things that point to a good opportunity for even 

Wi-Fi CERTIFIED ac 

Features: 

 Higher data rates 

 More capacity 

 Higher reliability 

 Lower latency 

 Lower power consumption in devices 

 Ideally suited for multimedia applications 
such as video, voice and gaming in multi-
device environments 

Technological advances: 

 Wider spectrum channels, up to 80 MHz 

 More efficient use of spectrum  

 Use of less crowded 5 GHz band 

 Expanded support for beamforming 

 Multi-user MIMO 

Preserved core Wi-Fi functionality: 

 Interoperability across vendors  

 Security 

 MIMO support 

 Compatibility with legacy Wi-Fi 

Benefits to operators: 

 Higher capacity enables operators to serve 
more subscribers and relieve traffic 
congestion from cellular network more 
efficiently 

 Improved support for advanced multimedia 
services that require higher throughput and 
lower latency 

 

Source: Wi-Fi Alliance 
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very efficient, very fast dispatch of data traffic over 

60 GHz. 

The reality is, the market will dictate whether the 

opportunity for WiGig tilts toward IP and 

traditional Wi-Fi applications, or towards 

multimedia. I think the jury is still out on that. 

Monica Paolini. In closing, let me ask you about 

what you see in the future, especially with 

Passpoint, in terms of adoption from mobile 

operators. What’s going to happen over the next 

five years? 

Edgar Figueroa. Akin to how more and more 

operators have been rolling out Wi-Fi, they will roll 

out Passpoint services. Increasingly, that will 

become invisible to end users. The devices will 

connect, will auto-select the best network, which 

will include Wi-Fi along with various other 

networks the operators are managing. That’s really 

good news for all. 

In the end, folks have now had the experience of 

raising a whole wireless generation. Users have 

had the experience of mobility and wireless 

connectivity, and they want more of it. There is a 

tremendous amount of pressure from consumers 

for more connected devices, for more demanding 

applications running over those devices. 

The good news is that probably their network of 

choice has proven out to be Wi-Fi. And now with 

operators offering Wi-Fi in more places, in a way 

that’s easier for the end user, it means that, in the 

end, consumers are going to be happy, they are 

going to be loyal, and they are going to be have 

more of the connected experience that goes with 

them wherever they go. 

Network operators are playing a key role in 

bringing about that experience. Passpoint, of 

course, is at the center. I expect that Passpoint will 

be very, very popular over the next five years. 

Monica Paolini. I would like to thank you very 

much for talking to us, Edgar. 

This conversation was a part of our report on Wi-Fi 

and cellular integration. Today we talked to Edgar 

Figueroa, the President and CEO of Wi-Fi Alliance.  

Glossary 

3GPP Third Generation Partnership 
Project 

AAA Authentication, authorization and 
accounting 

AP Access point 
GSM Global System for Mobile 

Communications 
IEEE Institute of Electrical and 

Electronics Engineers 
LAN Local area network 
MIMO Multiple input, multiple output 
SIM Subscriber Identity Module 
WPA Wi-Fi Protected Access 
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Monica Paolini. Welcome to this conversation 

with Jim Parker, Senior Manager of the Antenna 

Solutions Group at AT&T. I’m Monica Paolini from 

Senza Fili, and this is a conversation for the report 

on Wi-Fi and cellular integration. 

Jim, what is the role that AT&T sees for Wi-Fi and 

small cells in terms of providing better coverage, 

capacity and user experience? 

Jim Parker. AT&T formed the Antenna Solutions 

Group four years ago to focus on large public 

venues. The technologies that we’re deploying are 

neutral-host distributed antenna systems, small 

cells, and Wi-Fi. Largely, the neutral-host data 

systems and small cells provide a coverage and 

capacity solution for cellular voice and data, and 

then Wi-Fi primarily for data offload.  

When looking at a large public venue, like a 

football stadium, you have tens of thousands of 

people all using the network at the same time. 

Even though we have deployed this technology to 

make the cells smaller and to be more spectrally 

efficient – to better utilize the limited, scarce 

licensed spectrum that we have – there is 

definitely still a benefit for Wi-Fi offload, freeing up 

capacity off the macro network, for customers to 

have a wonderful mobile broadband experience. 

Monica Paolini. In the case of stadiums and other 

public venues, do you see Wi-Fi and small-cell 

basically being co-located? If so, how do you 

allocate traffic between the two interfaces? 

Jim Parker. In large public venues, we will deploy 

Wi-Fi to offload the traffic. Currently, the systems 

are separate and discrete. We have a separate 

wireless infrastructure to support the distributed 

antenna system and then a separate infrastructure 

to support Wi-Fi. The small cells that we deploy 

today are UMTS and HSPA+ only. The small cells 

that we intend to deploy in the future will support 

3G, 4G, LTE, plus Wi-Fi. 

The small-cell backhaul will go over the same 

transport. Currently, the Wi-Fi and DAS may use 

the same transport or may use separate transport. 

The reason for that is, contractually, a lot of our 

DAS deployments were under long-term contract. 

The venue has signed up and committed to, say, a 

ten-year commitment, whereas with Wi-Fi, the 

technology changes so rapidly, those contracts are 

usually for a shorter term, so the backhaul may or 

may not be the same in every instance. 

Monica Paolini. How do you see this changing, 

say, over the next five years? You’re going to have 

more small cells. As you mentioned, you’re going 

to have 4G small cells. How is that going to change, 

or will it change, the balance with Wi-Fi? 

Jim Parker. Small cells are being deployed in 

venues which are lower in capacity. We will 

continue to deploy the neutral-host DAS systems 

in large public venues like stadiums, because we’re 

under such constraint for capacity. 

We’re at the leading edge where small cells are 

concerned. The small cells that we’re currently 

deploying support only a single wireless operator’s 

network, a single technology, a single frequency 

allocation and a single sector. They aren’t really 

http://www.att.com/
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designed for very high-capacity environments, like 

a football stadium or an arena.  

Right now, the problem with the DAS solution is it 

has a high upfront cost, so it has a high fixed cost, 

but the variable cost is relatively low. The cost of 

an additional DAS antenna is fairly low, whereas 

on the small-cell side, the small cells have a low 

fixed cost with a higher variable cost. Right now, 

the breakeven is right at, say, 500,000 sq ft. 

Monica Paolini. You mentioned that currently 

small cells are limited to, basically, one radio, so 

it’s one operator and one frequency. How 

important is it to have equipment that is more 

powerful – for instance, multiple radios, multiple 

technologies and multiple bands? What are the 

features that you think are more valuable? Is it 

more operators or more frequencies or more 

technologies, or all of the above? 

Jim Parker. Well, it’s kind of like the AT&T ads with 

the little children, where the moderator will ask 

the children, “Do you want more or less?” and the 

kids always say, “We want more. We want more. 

We want more.” Naturally, we want it all. 

Not only do small cells need to support higher 

capacity, more technologies, but we really do need 

a neutral-host solution, because many venue 

owners will refuse to allow solutions to be 

deployed within their venue that will only operate 

with a single wireless operator’s customers. 

When you’re a hotel, you’ve spent a lot of money, 

for instance, building out the hotel lobby, building 

out the rooms, and the last thing you want to do is 

to have all of this disruption, with having yet 

another wireless operator or a system integrator 

coming through and installing another set of 

equipment. 

In an ideal world, we would have the Swiss Army 

knife of wireless devices and be able to install a 

single device that’s plug and play and self-

optimizing, does not require an RF engineer or a 

system designer to build and deploy, and supports 

all the wireless operators, all the technologies, and 

all the frequencies that are available within that 

network. 

Monica Paolini. Do you see any progress on the 

neutral-host front? As you say, that’s really 

important. The operational aspects of small cells 

are just as important as the equipment. If you 

don’t have a good system, it’s going to be very 

expensive to roll out on small cells. Do you see that 

ecosystem being developed? 

Jim Parker. The Small Cell Forum distributed a 

requirements document last summer. They polled 

the wireless operators worldwide, and, in the 

requirements document, I believe it was actually 

AT&T’s suggestion that a neutral-host capable 

small cell be added to the requirements 

document. It is in the final document and, of 

course, that document would be made available to 

all the OEMs that create and build the small cells. 

That being said, we’re just at the tip of the spear. 

We started rolling out our first small cells in the 

first quarter of 2013, and we’re on our first-

generation small cell, if you will. 

I expect to see more capabilities in the small cells. 

We plan to have 4G LTE small cells available later 

this year, and then years down the road we would 

see higher capacity, and then the support for 
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multiple wireless operators. But we’re not there 

yet.  

Monica Paolini. Are you worried that, if you have a 

neutral-host solution, you lose your ability to 

differentiate from your competitors? 

Jim Parker. No. On the outside, as an end user, 

you can see the wireless operators competing for 

the consumers’ mind share. But what I find very 

interesting, now having worked with AT&T for the 

last four years, is how we very much do cooperate 

and work with our peers at the other wireless 

operators on a number of initiatives, all in a pro-

competitive manner, because we’re all trying to 

satisfy our customers’ needs, and to lower costs. 

When AT&T formed the Antenna Solutions Group 

four years ago, the solutions that we initially 

planned to deploy were neutral-host DAS systems. 

We would only deploy neutral-host DAS systems 

because the incremental costs of adding neutral-

host capabilities in the system is offset by being 

able to sign up other wireless carriers to share in 

the costs. 

The problem with these in-building wireless 

systems is that they’re extremely expensive, and 

there is nearly an unlimited demand for end-

owner wireless systems. 

The buildings that are going up are now 

increasingly green or being LEED certified, so 

getting the RF signal into the building is more 

acute now than it was in the past. But we’re doing 

it to satisfy our customers’ needs at a lower cost. 

That’s why we do work more closely with our 

competitors than the other wireless operators do. 

Monica Paolini. Now, if we shift from large venues 

to the enterprise, especially if the enterprise – as is 

typical – already has some Wi-Fi infrastructure, do 

you see AT&T actively taking part of the Wi-Fi 

infrastructure, or do you think you’ll go more for 

small cells, or a combination of the two? 

Jim Parker. That poses an interesting situation, 

because the venue owner may already have 

deployed a robust Wi-Fi solution, and the current 

limitation with Wi-Fi, for instance at 2.4 GHz, is 

that there are only three non-overlapping 

channels. So deploying another Wi-Fi system 

adjacent to an existing infrastructure may actually 

impair the performance of the customer’s Wi-Fi 

system. 

In those situations, we would most likely turn off 

Wi-Fi and deploy the small-cell solution utilizing its 

cellular-only capabilities, leveraging the customers’ 

existing Wi-Fi system, because the last thing you 

want to do is to impair the performance of their 

existing system. 
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Unfortunately, with 2.4 GHz, there are so many 

limitations with bandwidth and the number of 

available channels, it’s a real problem. 

Monica Paolini. Are there environments where 

Wi-Fi works but small cells don’t, or where small 

cells work but not Wi-Fi?  

Jim Parker. In a given environment, if people were 

given the opportunity to have a data-only solution 

or a solution supporting both voice and data, 

I would expect that the users would always side 

with a solution supporting both voice and data.  

The ability to use IT-based or data applications, 

there are so many other solutions like Wi-Fi, which 

are still cost effective to deploy. I would see 

situations where the demand for small cells or 

systems capable of supporting cellular voice and 

data would be in higher demand by our customers 

than a Wi-Fi or data-only solution. 

Monica Paolini. In terms of the two interfaces, 

today Wi-Fi typically, as mentioned before, is a 

separate network, so from your phone you pick 

whichever interface you use, but then there’s a 

bifurcation there. But with initiatives like 

Hotspot 2.0 and Passpoint, Wi-Fi is becoming the 

RAN technology, and it’s integrated in with the 

mobile network. 

How important is this for you? At AT&T you have a 

huge amount of experience in using Wi-Fi for 

upload. How is this going to change the way you 

see and use Wi-Fi in your network? 

Jim Parker. We’ve already modified the 

connection manager in the smartphones to look 

for the AT&T Wi-Fi access ID, and our customers 

then enjoy being able to utilize the Wi-Fi system 

without having to log in separately, which is the 

promise for Hotspot 2.0. 

The other advantage of Hotspot 2.0 is that it will 

allow us to negotiate roaming agreements with 

other carriers, where our customers can get onto 

our network, as well as roam other network 

providers’ networks, without having to suffer 

going back through that log-in process. 

For instance, we’ve recently signed an agreement 

with Fon of Spain, to where our customers can 

gain access to their network. Many of our 

customers do travel internationally, and we want 

to make sure that our customers’ needs are taken 

care of wherever they are around the world. 

Monica Paolini. We talked most about the cost 

aspect of it, the need to increase capacity, but is 

there any monetization element that is important? 

Jim Parker. The advantage of a Wi-Fi system is that 

the venue owners have the capability of modifying 

the splash page, where then they can promote 

applications specific to that venue and only 

available to those at the venue. So if you were at a 

sporting event, the TV networks may have 

restrictions on replays, but those restrictions may 

not be the same or as restrictive for people who 

are at the event itself. They could have drawings; 

you could order food from the concessions and 

have it delivered to your seat; there’s a wide range 

of applications which have developed specific to 

stadiums to help improve the revenue. 

The model of paying for Wi-Fi service, that’s 

somewhat mixed. Customers expect and largely 

demand free Wi-Fi. 

That being said, those business models, whether 

it’s free or on a per-session basis, are constantly 

under flux, so initially, if you’re traveling at 

https://corp.fon.com/en
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airports, many of the Wi-Fi systems you had to pay 

for. Now we’re seeing more ad-sponsored Wi-Fi 

networks, where the end users can log in without 

having to incur costs. There’s been a lot of change 

in that area. 

Monica Paolini. People see Wi-Fi as a feature of 

their base plan, in the same way that you don’t 

pay specifically for every minute of voice, because 

you have a bucket of minutes. Isn’t that an indirect 

way of monetizing Wi-Fi already, because it’s 

proven attractive to the subscriber to select AT&T 

because it offers Wi-Fi, versus another one that 

doesn’t, or doesn’t have a good footprint? 

Jim Parker. AT&T does have one of the largest 

Wi-Fi footprints in North America. We’re utilizing it 

to provide better service for our customers, but 

also to offload our macro network, so we are using 

it as a differentiator. 

Many of the other wireless operators have not yet 

embraced Wi-Fi as much as we have. But then, we 

were the first with the iPhone in the United States, 

so we’re kind of the tip of the spear, if you will, 

where mobile data usage is concerned. 

Monica Paolini. Thank you very much, Jim, as 

always it has been a pleasure talking to you.  
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HSPA+ Evolved High Speed Packet Access 
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Environmental Design 
LTE Long Term Evolution 
OEM Original equipment manufacturer 
RAN Radio access network 
RF Radio frequency 
UMTS Universal Mobile 

Telecommunications System 
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Monica Paolini. Welcome to this conversation 

with Hui Deng, Principal Staff in the Department of 

Network Technology at China Mobile Research.  

Hui, how do you see the mutual relationship 

between Wi-Fi and cellular evolving, as Wi-Fi 

increases its coverage (which used to be cellular’s 

strength) and cellular increases capacity (Wi-Fi’s 

strength)? 

Hui Deng. There are two aspects. For service 

providers, Wi-Fi development is independent of 

cellular. For carrier Wi-Fi, Wi-Fi and cellular 

intersect with each other in their evolution. In the 

3G era, Wi-Fi becomes important when cellular 

gets congested, and we can predict that in 4G LTE, 

the same thing will happen in the hotspot area. 

Monica Paolini. Do you see one of these 

technologies as better suited for specific 

environments, e.g., indoor, outdoor, enterprises or 

large venues? 

Hui Deng. Wi-Fi is generally not suitable for 

outdoor deployments, due to the power rate 

regulation in China, which sets the power limit at 

500 mW, and also the power limitation of the 

handset. 

Monica Paolini. For your small-cell deployment, 

do you plan to have 3G small cells too? And for LTE 

small cells, which frequencies do you plan to use? 

Are they the same as the macro networks? 

Hui Deng. Yes. We need both 3G and LTE small 

cells. For LTE small cells, we currently plan 2.3 GHz, 

which is different from macro cells’ frequency.  

Monica Paolini. How do you plan to do load 

balancing between cellular and Wi-Fi? For 

instance, how important will real-time RAN/Wi-Fi 

loading, subscriber preference, policy, tiering, or 

other factors be? 

Hui Deng. These factors, such as real-time 

RAN/Wi-Fi loading, subscriber preference, 

operator policy, are important. The cellular/Wi-Fi 

intelligent network-selection solution should 

consider those factors to make the network 

selection decision. 

Monica Paolini. What are the respective roles of 

mobile devices and the mobile network (i.e., Wi-Fi 

and cellular) in network selection? Will it be 

device-driven, operator-driven or a mix of the 

two? 

Hui Deng. Currently, most devices have a native 

connection manager to control the network 

selection. From the operator’s perspective, when 

ANDSF is deployed, the network can provide 

operator policy, network loading information, etc., 

to the device, and the devices could make the 

network selection decision accordingly. 

Monica Paolini. What is your plan for 

implementing ANDSF? What is its role and 

importance in your Wi-Fi strategy? 

Hui Deng. There are several ways for 

implementing ANDSF. For example, the ANDSF 

client can be implemented in the application layer 

or in the OS native mode. Operators can also 

integrate ANDSF client functions into their existing 

client software.  
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Intelligent network discovery and selection plays 

an important role in our Wi-Fi strategy. It can 

improve the user experience and also improve the 

efficiency of Wi-Fi offloading. 

Monica Paolini. How deeply integrated do you 

expect Wi-Fi and cellular networks to be? Will they 

share a consistent policy that works across 

technologies and services? If so, how, and what 

are the key network elements that enable this? 

Hui Deng. The level of integration is determined by 

the service requirements. We believe a shared, 

consistent policy is important. There are variant 

approaches to achieve this, such as trusted WLAN 

access defined in 3GPP. 

Monica Paolini. Will a closer integration between 

cellular and Wi-Fi allow you to launch new 

services? If so, could you give some examples? 

Hui Deng. The integration of Wi-Fi and cellular can 

achieve service continuity, which improves 

interactive service experiences such as online 

gaming. 

Monica Paolini. Do you expect Wi-Fi to be 

included as a module in small cells? Why? 

Hui Deng. Yes. Wi-Fi and small cells have 

similarities on coverage, power supply, and 

backhaul, and some users’ devices don’t have a 

SIM card. 

Monica Paolini. Do you plan to add cellular small 

cells to the Wi-Fi hotspot locations where you 

already have backhaul? 



 

REPORT Wi-Fi and cellular integration        © 2014 Senza Fili Consulting • www.senzafiliconsulting.com      |83| 

Hui Deng. We think Nanocell, China Mobile’s 

integrated Wi-Fi and small cell, can be best utilized 

in this situation. 

Monica Paolini. 3G small cells versus LTE small 

cells: is there a role for both in today’s networks? 

Hui Deng. Yes. Both of them are needed. 

Monica Paolini. What are the challenges in 

deploying small cells and Wi-Fi? 

Hui Deng. The large-scale deployment of small 

cells will meet challenges such as small-cell 

management, backhaul and the coexistence 

between small cell and macro cell. For the Wi-Fi 

deployment, incremental deployment and 

network management will be the important 

challenges for the operators.  

Because operators such as China Mobile have 

bought many kinds of devices from different 

vendors, interoperability between different 

vendors is vital for operators. Even if there are 

better products, it’s still difficult for the operators 

to change their deployment, because of the legacy 

system support. 

Monica Paolini. How do you see the relationship 

between Wi-Fi and cellular evolving over the next 

five years? 

Hui Deng. The next five years will witness the 

proliferation of 4G LTE. Wi-Fi may wait for the 

proliferation of LTE for the moment. Operator 

Wi-Fi roaming relationship links will expand, which 

will benefit carrier Wi-Fi in the long run. 

Glossary 

3GPP Third Generation Partnership 
Project 

ANDSF Access network discovery and 
selection function 

LTE Long Term Evolution 
OS Operating system 
RAN Radio access network 
SIM Subscriber Identity Module 
WLAN Wireless local area network 
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