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Business Case

The Business Case for GSM and UMTS Backhaul Optimiz  ation
with Cisco RAN Optimization

Mobile wireless operators worldwide use today the C isco ® RAN Optimization solution to optimize their radio access
network (RAN) backhaul network, reduce operating ex  penses (OpEx), and discover new opportunities fore ~ xpansion
and revenue-generating services.

EXECUTIVE SUMMARY

Mobile operators today face stronger competitivespure to differentiate their services, increadmreoverage and customer satisfaction, deliver
new innovative services, and achieve higher profilisthese translate into significant market chatyes—which Cisco can help address with an
efficient and flexible solution for RAN optimizatio

Cisco RAN Optimization delivers significant advagea to mobile operators seeking to:

- Reduce their RAN backhauling OpEx for Global SysfemMobile Communications (GSM) and Universal MiebTelecommunications
Service (UMTS) networks.

- Use alternative RAN backhauling technologies—suchkleso Ethernet, Cable, WiMAX, and xDSL—to furtheduce their OpEX, provide
higher bandwidth, and increase network flexibility.

- Deliver new, innovative IP-based services at tHiesite for new revenue-generating streams fronexsting infrastructure—The Cisco RAN
solution allows operators to use the GSM and UM@&IEsites already in place and deliver IP-basedises such as camera broadcast and
surveillance, IP telephony, and consumption-basgetiiet access.

- Ease the deployment of new technologies and thanskpn of existing networks—BY optimizing GSM traffoperators can deploy UMTS
using the recuperated bandwidth on the existing G3bkkhaul, saving OpEx and reducing time to market.

- Offload bandwidth-demanding traffic, such as higlkeed downlink packet access (HSDPA), over an altatm backhaul, avoiding expensive
expansion of traditional backhaul and providingitiddal flexibility in bandwidth expansion and resoe management.

This document presents the advantages that Cis®d ®gtimization provides to mobile operators worlde with a specific focus on three main
applications that deliver substantial benefits seive as successful examples for other uses ¢étheology:

- GSM optimization
- UMTS rollout over existing GSM backhaul
- HSDPA off-load over an alternative backhaul

Case studies, ROI analysis, deployment scenamaksother useful information are included for eappl&ation, creating a complete perspective
on benefits and advantages offered by Cisco’s RAdMzation.

In addition, the document presents some generdkefines on the solution’s applications, introduttesROI Tool developed by Cisco to help
analyze financial benefits, and provides an intaidin to the hardware components and network managesuite that complete the solution.
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INTRODUCTION

Cisco RAN Optimization is the leading RAN transpaptimization solution for GSM and UMTS operatorgridwide. It employs unparalleled
features and delivers significant benefits, allaywnobile operators to reduce their RAN backhaul Opésts, expand their networks with increased
flexibility, and deploy innovative new services bdn IP.

This document presents three business-case scerasgesses how quickly mobile wireless operatorklwide can expect to recoup their
investments, and compares the benefits mobile tgyerean gain under each scenario. The documeinidby describing the market challenges
and the mobile operators’ needs, and then presi@ntSisco RAN Optimization solution.

Next, the document introduces the three business-szenarios. Each scenario is presented in dathibugh the focus is on the business aspects
such as ROI and benefits, rather than technicaildeFor each scenario the document describesatr@omic drivers, the business challenges,
and the solutions offered by Cisco’s infrastructdiiee goal is to provide a comprehensive analylsSisco RAN Optimization value drivers and
present the multiple applications where the solutian be deployed.

GLOBAL MARKET CHALLENGES

Mobile operators worldwide are continuously seekimgxpand their networks and provide new servisgsjing in a strongly competitive market
to increase their customer satisfaction and theifits. In addition, the market demand for everr@asing radio coverage, higher bandwidth, and
better services poses continuous pressure for eéémfiincal development and network expansion.

As a mean to keep ahead of competition and satisiket demand for new services and increased dat@dth, operators are expanding their
networks to enhanced 2G (GPRS, Enhanced Datafaat€&SM Evolution [EDGE]) and 3G (UMTS, HSDPA) veiand data broadband wireless
service offerings (Figure 1).

Figure 1. Worldwide Evolution of Mobile Operators’ Networks

With the increasing drive of data communicationwvises and growing data Average Revenue per UsRP(4), operators are looking for solutions
that help them expand their networks, provide dmiu services, and satisfy customer demand imxatfle and economical way. In addressing
market demand for extending network coverage aadumtive services, operators face multiple chaksng

- Need for expanding their GSM networks for additiac@verage, for traffic growth, or for innovativersices and data connectivity (GPRS,
EDGE)

- Deployment of UMTS 3G network requires OpEx inceeig additional T1/E1 lines, but provides low gherm returns while the UMTS
subscriber base matures
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- 3G data services, such as HSDPA, require largeviiditd backhaul links to the cell site, which cauaadncrease in OpEx for E1 leased lines,
and in operation and maintenance costs

- High OpEXx for RAN backhaul makes up to 20 to 3Qcpat, and in some cases up to 70 percent, of@klx; therefore it is very important
to control, or even reduce, OpEx

- Competitive pressure urges network expansion andseevices, investments in infrastructure, and cédo of OpEx
- Long lead-time when deploying additional T1/E1 &imeay slow down growth rate and impact customésfaation
- Need to identify new areas for growth and createmae through innovative services

Reducing the backhaul complexity and keeping Opfieun control is therefore a priority in today’s qoatitive and cost-sensitive business
environment. In addition, any means to expand #te/ork as subscribers increase and to provideiadditservices—avoiding an increase
in operating expenses—represents a competitive &fyathat mobile operators cannot underestimate.

Cisco RAN Optimization delivers substantial advgetaand enables operators to expand their netwoik$enefit from new services, multiplying
their offerings and addressing complex market ehgiés.

SOLUTION OVERVIEW

Cisco RAN Optimization is the leading solution thiativers standard-based end-to-end IP connecfieitsSM and UMTS RAN transport. The
solution frames RAN voice and data frames into delets at the cell site, and transports them avepémized backhaul network. At the central
site, the RAN frames are extracted from IP pacaatsthe Abis or lub data streams are rebuilt. Bisealt is a transparent, radio vendor-agnostic
RAN IP transport and optimization solution thatidels a nominal optimization efficiency of 50 pantgithout any impact on voice quality.

Cisco RAN Optimization offers mobile operators npl# opportunities to optimize their RAN backhaulrisport networks and address their
market challenges, delivering a next-generatioghlyiefficient, multiservice RAN optimized backhad@lisco’s solution consists of a cell-site
mobile wireless router, an environmentally streegtd device deployed at cell sites and at the aesite that performs aggregation and
optimization of both GSM and UMTS traffic. The GisRAN Optimization optimizes GSM traffic with nomaihcompression efficiency of 50
percent. Therefore, an optimized backhaul netwaity needs half the number of T1/E1 links to transgite same level of GSM traffic. In
addition, for UMTS backhaul, idle cells and unupadding are eliminated in lub traffic, resultinghigher lub efficiency. Compressed GSM
and UMTS traffic are then dynamically aggregatea A over a reduced number of T1/E1 trunks, shdsamgiwidth and thereby utilizing RAN
network resources more efficiently.

Cisco’s solution for RAN Optimization helps mobdperators to achieve three main goals:

- Reduce OpEx for RAN backhaul network by optimizargl aggregating multiple GSM links
- Use the optimized backhaul network for future giowtithout the need to add expensive T1/E1 lines

- Use the recuperated bandwidth on the backhaulrty edditional IP-based traffic that can be usadietwork management purposes, or to
deploy new revenue-generating services at thesitell

The solution is completely RAN vendor-agnostic, &therefore compatible even with proprietary Abierface specifications. It provides a
transparent end-to-end solution that does not affgice quality, and does not require any changbéncontrol and software update operations
of both base transceiver station/base station atbet{BTS/BSC) and NodeB/radio network contro{RNC).
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Figure 2. Overview of Cisco RAN Optimization Conceptual Architecture

Cisco RAN Optimization provides the following feeas:

- GSM and UMTS Optimization—Reduces operating expenses for RAN backhaul ligkgptimizing and aggregating backhaul bandwidth
for both GSM Abis and UTRAN lub interfaces. GSMffiais compressed with nominal efficiency of 50rgent by removing idle channels
and repeating patterns on the time-division mwtipig (TDM) link. UMTS traffic is compressed up30 percent by removing idle cells and
unused O&M, and multiplexing small payloads intagiée cells.

- Efficient Backhaul Transport—Optimized GSM and UMTS traffic is transported usaagnpressed IP and Cisco IDSoftware quality
of service (QoS) prioritization, achieving an ewdend latency shorter than 16 ms (depending onagjestable jitter buffer settings).

- QoS—Cisco’s products provide industry-leading QoS smsithat enable reliable transport of GSM and UNfa8ic together with IP
traffic. GSM and UMTS traffic is given a high prigrand is never delayed, guaranteeing smooth iamelyt deliver to the other end. IP traffic
is fragmented and interleaved within RAN traffiadas transported on the backhaul as best-effaffi¢rwith a lower priority. Among IP-based
services, multiple queues can be defined in oassign different priorities to different typeslBftraffic. This allows creation of a
prioritization hierarchy, where the highest lexehlways reserved to the RAN traffic, and wher&dfffic is handled by lower-priority queuing
mechanisms.

- Voice Quality Transparency—Cisco MWR 1900 Series and ONS products employ petgry, RAN vendor-agnostic, no-loss compressiah an
optimization techniques that do not alter the Adnid lub bit-streams and do not impact voice qualitgt data services. Multiple tests performed
in live networks around the world have demonstréiccompatibility with all major RAN vendors, arfdll transparency of BTS/BSC and
NodeB/RNC software operations across the solution.
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Remote Management-The Cisco Mobile Wireless Transport Manager (MW Tgtform is the leading edge management softwgpécagion
that enables mobile operators to control and adigntheir Cisco RAN Optimization infrastructurer a single location, with ease and speed.
Cisco MWTM provides remote management of nodesisttacollection, and real-time backhaul bandwidthnitoring for increased
serviceability.

IP Services at Remote Cell-Site-By running Cisco 10S Software, the de facto IP mekarouting software, the Cisco MWR platform prossd
advanced IP-based services to the cell site, thuwiag mobile operators to create cell-site PoRg deploy new revenue-generating services.
For example, by providing IP access to remote aseagd by backhaul links, mobile operators carayey/LAN services at cell sites using
the excess bandwidth on existing backhaul links—targanew revenue-generating services without irgirgpoperating expenses. Another
application of IP services is the use of a cell Ht camera to distribute real-time or on-demaitidrsiages or video streaming. The service
can be employed by a network operations center (N@Gsite surveillance purposes, or provided tdiousers for weather or road traffic
monitoring.

CISCO RAN OPTIMIZATION APPLICATIONS
Cisco RAN Optimization is a flexible solution thaovides significant benefits to mobile operatarslifferent applications. Table 1 lists common
deployment scenarios for Cisco’s solution, witthars description.

Table 1.  Cisco RAN Optimization Applications

Application Description

GSM Optimization Delivering a nominal compression efficiency of 50 percent, Cisco RAN Optimization enables GSM mobile operators
to reduce the number of T1/E1 lines they employ for RAN backhaul, and achieve significant benefits in OpEx
reduction, network expansion and management, and new advanced services.

UMTS Rollout By compressing GSM and aggregating UMTS traffic over existing backhaul networks, mobile operators can deploy
their UMTS networks without the need to deploy additional landlines, and reduce their deployment time.

HSDPA Data Offload HSDPA requires a huge deployment of additional T1/E1 lines to provide the required bandwidth for the service.
Cisco RAN Optimization offloads HSDPA traffic to cheaper and more flexible backhaul technologies than T1/E1
leased lines, such as xDSL, WiMAX, cable, and Metro Ethernet.

Satellite Optimization Satellite T1/E1 links are very expensive, when compared to landline leased costs. Cisco RAN Optimization
compresses GSM and UMTS traffic with a nominal compression efficiency of 50 percent, and allows transport of
the compressed traffic over satellite links using lower bandwidth, or transport of additional traffic without increasing
satellite bandwidth. Either way, it provides OpEx savings and greater flexibility in managing the RAN backhaul
network.

Alternative Backhaul Cisco RAN Optimization makes available a whole set of alternative technologies to transport RAN traffic across
the backhaul. These technologies provide greater flexibility in bandwidth and network management, and are much
cheaper than traditional terrestrial leased-lines.

Cell-Site PoP By delivering IP connectivity end-to-end from the central site to the cell site, Cisco RAN Optimization transforms the
cell site into an IP-based point of presence (PoP), allowing mobile operators to deliver new innovative services at
the cell site—Wi-Fi, camera monitoring and surveillance, Internet connectivity, and IP telephony.

This document analyzes three of these applicatiodstail, providing examples and guidelines toensthnd all the possible scenarios.

The three scenarios presented here are the misiltgeployment scenarios for Cisco’s RAN Optimi@at They encompass the needs of most
mobile operators worldwide—GSM optimization, UMTSleoat, and HSDPA data offload.
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GSM OPTIMIZATION

GSM RAN backhaul optimization is the most sougleafipplication for GSM mobile operators worldwittecompresses and optimizes GSM
traffic, reducing the required number of T1/E1 $irte carry the same amount of RAN traffic, and sawe OpEXx. It offers mobile operators multiple
opportunities to optimize their RAN backhaul tramgmetworks and reduce operating expenses, deliyarnext-generation, highly efficient,
multiservice RAN optimized backhaul.

The Cisco solution uses an environmentally stresrggl cell-site router, such as the Cisco MWR 19€tAMobile Wireless Router to aggregate
GSM short-haul links from the BTS and compress G&lffic (voice, data and signaling). Once comprdssiee traffic can be transported over the
backhaul using fewer T1/E1 lines and lower bandwakt shown in Figure 3 below. This solution helpsrators reduce the number of T1/E1
backhaul lines between cell site and central aite, save on OpEXx accordingly. It also providestamithl valuable benefits to mobile operators,
allowing them for easier network management, pd#gito use alternative backhaul technologies theiiver higher bandwidth and lower costs,
and new revenue-generating services at the celbsised on IP, where Cisco is the undisputed wadkelleader.

Cisco RAN Optimization allows mobile operators ¢oluce the number of T1/E1 landlines and achiev@fgignt benefits as reported in Table 2.

Table 2. T1/E1 Optimization & Line Reduction
Compression Ratio Original Number of T1/E1 Lines Number of T1/E1 Lines Benefits
After Optimization
11 1 1 * Deliver IP-based cell-site services
* Prepare for GSM expansion
21 2 1 * Save one T1/E1 line
* Deliver IP-based cell-site services
3:2 3 2 * Save one T1/E1 line
* Use excess bandwidth for GSM expansion
* Deliver IP-based cell-site services
4:2 4 2 e Save two T1/E1 lines

* Deliver IP-based cell-site services

Figure 3. Conceptual Overview of GSM 2:1 Optimization Scenario
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Cisco RAN Optimization employs multiple featureattincrease efficiency and enhance the overadbgiiy of the infrastructure:

- Signaling protection provides guaranteed delivery and assigns the kigh#rity to signaling channels, ensuring thad-ém-end signaling
traffic is never delayed or dropped.

- Graceful degradation intervenes when network resources are over panesi and the backhaul approaches saturationrt$ shapping few
packets at random on voice channels—without impgatirannel control and signaling—and frees up banttiwallowing passing over the
traffic peak until saturation is cleared.

- QoS employs prioritization of GSM traffic, fragmentati and interleaving of large packets, and jittertoal. In presence of other traffic, such
as IP-based management and monitoring traffic, Qs ensure reliable transport of RAN traffic @srthe backhaul, and if necessary, delays
IP best-effort traffic until enough resources arailable to serve it.

Since the backhaul network constitutes a largeqfaah operator’s OpEx (between 20 and 30 perodtamn up to 70 percent), optimizing GSM
traffic and reducing the number of T1/E1 lines pde¢ substantial OpEx savings, usually as sooheafirst day of deployment. OpEx savings can
be large enough to guarantee a return on invest(®R®i) in less than 12 to 18 months, dependinghemetwork configuration and the achievable
optimization efficiency.

Cisco’s optimization solution not only allows fopBx saving by reducing the number of backhaul T1itis, but also allows the use of the
recaptured bandwidth on the backhaul to carrydRitrto the cell site, and delivery of innovatil services. Examples of these IP services
include network management and control from a eéstte, IP camera services at the cell site fonitooing and security, and IP telephony
services for free maintenance calls to the NOC feorechnician at the cell site.

GSM Landline Reduction with Cisco Optimization

The main advantage of Cisco RAN Optimization isibassantial reduction of GSM backhaul OpEx. Howewaéwng with OpEx savings, Cisco’s
solution provides additional benefits in termseduction in network complexity, easier maintenaaee alarm control, faster network expansion,
and new revenue-generating services. Mobile operatm profit from these benefits soon after deplp¥isco’s RAN optimization in their
networks, delivering increased network coveragghdi customer satisfaction, higher profits, and déferentiating services at the cell sites.

This case study focuses on the OpEx saving fob#imthaul network when using Cisco’s solution. Figdishows the reduction in T1/E1 lines
achievable with Cisco RAN Optimization for a gengBSM operator. It considers a generic mobile dperahose RAN network counts 5000
GSM cell sites. Each cell site is connected tobiekhaul using either two or three T1/E1s, withistrihution of 80 percent for the two T1/E1
cell sites, and 20 percent for the three T1/E1sitdk.

The two T1/E1 cell sites are compressed with 2rhpre@ssion ratio, achieving a compression efficienicy0 percent and saving one T1/E1 line
per cell site. The three T1/E1 cell sites are casgped with 3:2 compression ratio, achieving a cesgion efficiency of 33 percent and saving one
T1/E1 line per cell site. These are consideredrthet common scenarios, as remote cell sites ith aveas are often reached by few T1/E1 lines.
In urban areas, the cell sites may be connectddanlirger number of T1/E1 lines. Our analysis @@rs only the two former cases, but it is not
limited in its validity since larger cell sites cahtain the same level of compression efficiencyl save a corresponding number of T1/E1 lines.

GSM networks have reached 95 to 99 percent of g@bigal coverage in most countries. In these castcell-site growth rate is considered very
low, as fewer cell-sites are added when GSM reacbastotal coverage. In the case of developingits where the GSM networks have not yet
reached total coverage, the year-over-year groatthaf cell sites can be substantially higherhia tase it would translate into an higher growth
rate of T1/E1 lines, and therefore a higher nunab&rl/E1 lines to be saved using the Cisco RAN @jzation solution.
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Figure 4. Number of T1/E1 Lines Saved with Cisco’s RAN Backhaul Optimization

In Figure 4, the red bars on the left represenntivaber of T1/E1 lines that a mobile operator needieploy without optimization. The bars
represent the aggregate number of T1/E1 linesdtr two and three T1/E1 cell-sites. The analysis abnsiders a five-percent upgrade rate
of two T1/E1s to three T1/Els year over year, asTWEL cell sites reach saturation and need taplated to three T1/E1 cell sites.

The blue bars on the right represent the numb&d.(£1 lines for the same cell sites, when the CRAM backhaul optimization solution is
used. They show substantial reduction of T1/Elsliteat corresponds to a significant reduction ierapng expenses for the GSM backhaul.

In yellow, the diagram shows the total number dif siees (two T1/E1ls with 2:1 optimization and tarél/E1ls with 3:2 optimization). It assumes
a slow growth rate of cell sites, around two pergemar over year. This is a common situation inad@ved countries, where the GSM networks are
already fully deployed. In developing countries ginewth rate can be substantially higher, involvamgincreasingly higher number of T1/E1 lines.

GSM Case Study

In order to provide mobile operators enough finahdata to evaluate the benefits of the optimizaiolution, Cisco has performed extensive ROI
analysis considering various scenarios, and hasloleed a specific tool to perform this analysisisTdocument presents a sample ROI analysis that
considers a common deployment scenario (2:1 and@ighization) and average costs for T1/E1 landliag applied in the United States and
Europe.

This business case considers a GSM operator #réd sptimizing 700 cell sites (80 percent with tWh/E1 lines, and 20 percent with three T1/E1
lines) in the first year. It then optimizes addii@b cell sites following a high-rate deploymentegheoptimizing 700 more cell sites in year two, 560
in year three, 490 in year four, and 245 in yeag.fEach year, additional capital expenditure (Cap&Erequired to deploy the new Cisco mobile
wireless routers necessary to optimize new celfsit
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Table 3 shows the optimization deployment schedsséimed in the analysis.

Table 3. Deployment Schedule

Year 1 Year 2 Year 3 Year 4 Year 5
New Cell Sites Optimized 700 700 560 490 245
Total Cell Sites Optimized 700 1400 1960 2450 2695
E1 Lines Saved 700 1400 1960 2450 2695
Total OpEx Savings $ 4,475,520.00 $8,951,040.00 $12,531,456.00 $15,664,320.00 $17,230,752.00

The following assumptions on leased-line costs weel to prepare this business case:

- Average monthly price of US$800 for a 4-to-20-kmdor1/E1 line
First TL/E1 line contracted at a 10 percent distofiithe official price
- Second and third T1/E1 lines contracted at 20 @ngeBcent discounts off the first T1/E1 line pricespectively

The business case considers installation and nm@inte costs at five percent of CapEx spent in ¢ae. yn the case of maintenance, the cost is
incurred in the year the capital investment is esee, and for two additional years.

License costs for the Cisco MWTM platform are atsasidered as CapEx—they are incurred to deplogeéh&ral management solution for the
whole Cisco RAN.

With this data, the business case is compreheisiegms of capital investments in assets and taests for the deployment of the RAN
optimization solution. The analysis shown in Figergresents the financial benefits of the solutinoluding:

Leased-Line Savings-Total OpEx savings per year from optimized leageesl depending on the number of T1/E1 lines sawtdCisco
optimization and their monthly cost.

- CapEx—Capital investments for each year, required toaefie Cisco RAN optimization solution.
Net Savings—Difference, year by year, of leased-line savings @apEx.

- Cumulative Savings—Cumulative net savings, year over year. Break-@gnt and payback time are calculated when theeptesalue of
cumulative net savings equals $ 0.00 (when thedinsses the X axis).
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Figure 5. Financial Analysis and ROI for Cisco RAN Backhaul Optimization

The analysis shows that within the assumptionsisfliusiness case Cisco RAN Optimization providpesitive ROl in about one year, allowing
for quick recovery of the capital investment arghfficant benefits from reduced OpEXx.

In the case of satellite or microwave links, usualore expensive than landline links, Cisco RANi@gation optimizes RAN traffic and reduces
the required bandwidth, delivering even larger OgBxings.

Benefits of GSM Optimization
Cisco RAN Optimization provides the following beitef

- OpEx reduction for RAN backhaul from compressiod aptimization of voice, data, and signaling GSKkfftc.
- Faster and cheaper expansion of GSM networks.

- New revenue-generating IP-based services at tellGisco RAN Optimization delivers end-to-end thgectivity from cell sites to central
nodes, allowing for advanced IP services to beigetl/at the cell site.

- Reduces BTS expansion costs and E1/T1 line canti@idBTS E1/T1 interfaces can now be fully praeised on the short-haul link to the
mobile wireless router—carrying up to 120 full-rare240 half-rate GSM channels on a single T1/E1l—egduthe number of T1/E1 ports
and providing savings on BTS line-card expansicstco

- Cisco’s RAN vendor-independent solution is comgatikith proprietary Abis interfaces and does né@tfthe vendor-specific bit streams.
- Cisco QoS mechanisms provide reliable end-to-efidedg of all RAN traffic, and protection againstersubscription of GSM channels.

- No impact on voice quality since bit stream is affécted.

- Transparent BTS/BSC operations and software updates

- Support for all GSM codecs, sub-rates, and siggdiipes.
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UMTS ROLLOUT OPTIMIZATION

Mobile operators worldwide need to preserve theirket positions against strong competition andldyievolving technologies, and UMTS
represents a clear differentiation advantage faym@he UMTS rollout is an important part of thdifferentiation strategy, which aims at
increasing and strengthening the customer basegaing the churn rate, providing innovative sesj@nd achieving a broad UMTS customer
penetration in a few-years time span. This meahsmly significant CapEx in fixed assets and UMT&é stations, but also large OpEXx in
additional leased T1/E1 lines necessary to cormeaadte cell sites with regional central sites.

In addition to CapEx/OpEXx increase, mobile opesatbat are planning to deploy their 3G UMTS netvwgddce additional challenges:

- Increasing OpEXx for Backhaul Network—Adding a new T1/E1 to carry UMTS traffic increapes-site leased line costs. In addition, operating
revenues from UMTS services are expected to bardhe beginning, making it difficult to cover opéing expenses for the new network. Thus,
in order to keep their financial performance undattrol and preserve their operating margins, neotyierators need to deploy their UMTS
networks with controlled increase in operating exqes, and in number of T1/E1 lines.

- Unutilized Bandwidth Resources—Deploying a 3G NodeB at a cell site, usually alseserved by a 2G GSM BTS, means adding an additiona
T1/E1 line to transport UMTS traffic. At first, UM traffic will be much lower than GSM (althougtistexpected to increase in the upcoming
years), and adding a new T1/E1 line to supportdd'S traffic will mean wasted resources, as thesaaubandwidth would remain unutilized.

- Meet Targets—Some operators need to deploy UMTS cell sites asdre adequate population coverage by specificlideadin order to meet
government license requirements and avoid finampaahlties.

- Balance OpEx for Network Expansior—Reducing OpEX for existing GSM network and fordstinuous expansion helps operators achieve
better financial performance and counterbalanc&iaddl OpEx for UMTS networks.

- Delay in E1 Deployment—Landline providers are often unable to deploy né¥EL lines fast enough for mobile operators to kber UMTS
deployment pace. Thus, avoiding the need for anlthti T1/E1s allows for time saving and faster degpient of new cell sites.

Cisco’s solution helps mobile operators addresiiege issues, reducing OpEXx for both GSM and UMIR8,delivering a significant advantage in
UMTS rollout with ease, speed, and cost-efficied®y.compressing GSM traffic with nominal efficienof50 percent, Cisco RAN Optimization
carries the same amount of GSM traffic over hafllandwidth offered by T1/E1 links. The recuperdtaddwidth can then be used to transport
UMTS traffic without the need to add expensive TIBEThis solution determines a saving of a T1/B& for each cell site, and a corresponding
leased line costs reduction of about 30 to 50 perce

Table 4 reports examples of supported UMTS rolkmanarios.

Table 4. UMTS Rollout Scenarios

Compression Ratio Original Number Number of T1/E1 Lines Benefits
of T1/E1 Lines after Optimization

2:1 e 1UMTS 1 optimized * Deploy UMTS using existing GSM backhaul network
e 1GSM * Reduce OpEx and time to market for UMTS rollout

3:2 e 1UMTS 2 optimized * Deploy UMTS using existing GSM backhaul network
e 2GSM * Reduce OpEx and time to market for UMTS rollout

* Excess bandwidth leaves room for future expansion
4:3 e 1UMTS 3 optimized * Deploy UMTS using existing GSM backhaul network
¢ 3GSM * Reduce OpEx and time to market for UMTS rollout

* Excess bandwidth leaves room for future expansion
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Figure 6. Conceptual Overview of GSM + UMTS Optimization Scenario

Cisco’s solution for RAN optimization helps world¥a mobile operators achieve three main goals:

- Reduce OpEx for RAN backhaul by optimizing and agating UMTS backhaul links over existing GSM links
- Deploy the UMTS base stations and RAN networksnie to meet the government’s deadlines
- Introduce flexibility in bandwidth management at ttell site, allowing for gradual RAN expansiontwieduced OpEx

UMTS Business Case

Deploying thousands of UMTS cell sites and conmectil/E1 lines for backhauling represents a hugie aad a significant increase in OpEx.
By using Cisco’s solution, operators can use theisting GSM backhaul infrastructure to deploy UM@el sites, avoiding additional backhaul
resources and OpEXx increase.

This represents a saving of at least a T1/E1 lerecpll site, and a significant reduction in OpEke capital investment in Cisco’s products is
largely offset by OpEx savings and additional beseichieved with the Cisco solution. It allows rilelmperators to start deploying their UMTS
networks avoiding additional leased-line costs, deldying the investment in dedicated UMTS backimatvorks until after the UMTS users’
traffic has grown up enough to require further exgian.

Since the prices for T1/E1 lines are the same f8k&nd UMTS applications, the business case andaR@lysis are similar to the GSM case.
The ROl is very short, since Cisco RAN Optimizatielivers a payback in less than 18 months. THjzsshmobile operators recovering CapEx
in a short time and enjoy subsequent higher prbfits OpEx savings and additional services.

© 2005 Cisco Systems, Inc. All rights reserved.
Important notices, privacy statements, and trademarks of Cisco Systems, Inc. can be found on cisco.com.
Page 12 of 22



Benefits of UMTS Rollout Optimization
By using Cisco’s RAN Optimization solution, mobdeerators achieve the following benefits:

- Rapid deployment of new UMTS network using recagdusandwidth on optimized T1/E1 GSM links

- No need for new T1/E1 lines to be deployed for UMIEDloyment

- Reduction of OpEx for both GSM and UMTS, allowirastier expansion of RANs for additional coverage serdices

- Ease of maintenance of all remote nodes from aadotation using Cisco MWTM management platform

- No impact on voice and data quality, full transpasefor end nodes, and no change in cell-site djper@ procedures

- IP services at the cell site for innovative sersibase on IP, such as WLAN, camera monitoring,|Brtdlephony

- Ready for future upgrade to an all-IP RAN netwarkfor using cheaper alternative backhaul solutfon$&RAN transport
- Reduced workload for network design and operatiorgeploy UMTS

- Avoidance of NodeB’s Circuit Emulation Service (QE&nsport of GSM traffic over lub links—NodeB’s SEs inherently inefficient and
requires capital investments in NodeB’s expansiobet supported. Cisco’s RAN Optimization allows rgpers to optimize both UMTS and
GSM traffic using highly efficient optimization mieanisms and lower investments

HSDPA OFFLOAD

With increasing demand for data services and grgwita ARPU, it is increasingly important for mebdlperators to provide broadband access
anywhere, and HSDPA is seen as a significant difféating technology. Furthermore, the launch oDIR3 provides competitive advantages
against other mobile operators, allowing for inseshcustomer satisfaction, decreased churn radehigher profits. It is not surprising that HSDPA
is receiving rising attention by the largest moloifeerators worldwide, as they are planning sigaiftdnvestments to expand their UMTS networks
and deploy HSDPA services. However, HSDPA requionly large capital investments to deploy the technology in the RAN network, but
also increasing operating expenses for the ad@itioh/E1 lines necessary to provide larger bandwédtthe cell site.

Currently, each UMTS NodeB cell site requires aimium of one T1/E1 link for voice and data transp@¥ith the deployment of HSDPA, the
number of lines would increase from one to three—fi&l release of HSDPA supports a maximum bamitlwof 3.8 Mbps, which translates to
two additional T1/E1 lines. Therefore deploying HSB—with two new T1/E1 lines per cell-site—would regucontracting many new T1/E1
lines, and would increase OpEx accordingly.

With Cisco RAN Optimization solution , mobile optaes can carry all HSDPA data traffic over a cheaiernative broadband backhaul such
as Metro Ethernet, xDSL, cable, or WiMax, saving@pEx and increasing the available bandwidth agereUnlike T1/E1 lines that require
increasing available bandwidth by 2-Mbps stepsatlbband networks allow for a smoother bandwidth aggrand higher flexibility as shown in
Table 5. Not only can operators save on OpEXx, lmy tan also expand network capacity as demanesaf@lowing an on-demand network
expansion strategy with increased flexibility aeduced costs.

Table 5. Example of RAN Optimization with HSDPA Offload

Original Number Number of T1/E1 Lines Benefits

of T1/E1 Lines after Optimization

e 1UMTS * 1 optimized T1/E1 line * Lower OpEXx

e 2 HSDPA for GSM and UMTS * Shorter time to market for HSDPA roll out

e 2GSM * 1alternative backhaul * Higher flexibility in bandwidth increase and management, as needs arise

for HSDPA
* Broader IP-based services using available bandwidth on alternative backhaul
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For sites where the actual number of T1/E1 lindarge enough that adding an additional line coneesly for free—maostly urban areas—an
optimization solution may not introduce enough Higndowever, when taking into consideration HSDB#ta services, which require two new
T1/E1 lines to start providing the service, andsgiladlg new T1/E1 lines in the future as demand grawnajor cell sites in highly populated areas
become the ideal target for HSDPA data offload.

The great benefit for mobile operators is the gbilh add bandwidth as needed, and thereby avagirlg expensive T1/E1 links. With the
foreseeable increase in both data ARPU and traffice near future, any HSDPA broadband serviceldvoaequire a lot of T1/E1 lines to provide
the required bandwidth. With Cisco’s alternativelieaul and HSDPA offload solution, mobile operattaa save substantial money on OpEx and
have the flexibility to expand the network in theufre.

Figure 7. Conceptual Overview of HSDPA Data Offload Scenario

SDPA offload and GSM/UMTS RAN backhaul optimizatiare two complementary solutions that may be deggidggether—gaining the benefits
from both—or separately, depending on the topoldgh® network.

In short, Cisco’s HSDPA data offload solution offenobile operators the possibility to start depigyHSDPA services today with little increase in
OpEx. By offloading data traffic on cheaper altéiebroadband backhaul, operators can avoid dépogxpensive T1/E1 lines and can save on
OpEx. In addition, broadband networks allow for sitho easy, and fast increase of available bandwidittn needed, reducing time to market for

network expansion and for the provision of new e
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Benefits of HSDPA Data Offload

By using Cisco’s HSDPA data offload solution, metniperators achieve the following benefits:

- Deployment of broadband HSDPA data services usingjtarnative backhaul solution (such as ADSL) fes OpEx savings and flexibility
in network expansion without the need for additioinEE1 lines

- Possibility to start deploying HSDPA today witttlétincrease in OpEx
- No impact on voice and data quality, full transpasefor end nodes, and no change in cell-site djper@ procedures
- Ready for future upgrade to an all-IP RAN netwankd for using cheaper alternative backhaul solstfonRAN transport

- Cisco MWTM suite provides network wide managemertt eontrol of all nodes from a centralized positiatiowing for increased performance
monitoring, efficiency analysis, and operation an@port cost savings

FACTORS THAT INFLUENCE PAYBACK
In this section, we examine the factors that moifténce payback periods. This insight can helgisemproviders better understand the effects
of various cost and revenue drivers, and comprettendesulting financial advantages in using Cisd®AN Optimization solutions.

Payback is calculated considering the time it tdeesumulative net savings to become positivepfiesent value). Net savings are calculated as
OpEXx savings (from reduced backhaul OpEx) minusheEx required in network investments to deplasc@is solution. Therefore OpEx
savings, offsetting CapEXx investments, are the mngsortant driver for a positive ROI.

Mobile operators in regions with high leased limeipg can achieve significant backhaul cost sasiwith Cisco RAN Optimization. As Figure 8
indicates, Cisco RAN Optimization provides an attikee payback in less than 14 months in most cases.

Figure 8. Sensitivity Analysis on GSM Optimization Payback with Various Leased Line Prices
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Table 6 provides an overview of the main factofeating payback.

Table 6. Factors Affecting Payback

Factor

Backhaul Costs and Progressive
Discounting Mechanisms

Number of Cell Sites, Aggregation
Sites, and Aggregation Factor

Deployment Rate

Installation and Maintenance Fees

Training and Network Management
Expenses

Description

Leasing costs for backhaul lines and contractual arrangements for progressive discounting on additional
lines determine OpEXx reduction and directly influence payback time. In general, the higher the leasing
costs, the shorter the payback period.

The aggregation ratio (number of cell sites per aggregation site) determines how many central-site nodes
are needed. In general, the higher the aggregation factor, the shorter the payback period.

OpEx savings and other benefits are achieved immediately after deployment is completed. Therefore,
the faster the deployment, the sooner Cisco’s solution can deliver beneficial cost savings and competitive
advantages.

Installation and maintenance fees are often a percentage of the whole CapEx. Cisco’s solution requires

low effort for installation, and very low maintenance, thanks to its high reliability and the Cisco MWTM'’s

centralized management suite. However, high installation or maintenance fees may negatively affect the
payback period.

Introducing Cisco RAN Optimization in a mobile operator’s network creates the need for additional
personnel training and for new management tools. These expenses may negatively affect the payback
period.

CISCO ROI TOOL SIMPLIFIES CALCULATIONS
Cisco has developed an extensive ROI analysishablhelps Cisco account managers and mobile apertt evaluate and understand the
business benefits in deploying a Cisco RAN Optitiirasolution (Figure 9).

The tool allows inserting detailed data about:

- The RAN network, including the number of cell-gitedes (BTS and NodeB) and central-site nodes (BBIRNC)
- The expected growth rate of the cell sites (exmansf RAN)

- The backhaul network configuration and optimizationeach cell site (2:1 optimization, 3:2 optintiza, others)

- Whether the backhaul links are landline T1/E1 ¢elite T1/E1

- Current cost of T1/E1 landlines or satellite linksth different costs for additional lines

- The type of RAN, either GSM only or GSM + UMTS

It allows running sensitivity analysis on all emtérdata, and evaluating the impact of differenta#®on the overall ROI. It provides ROI, NPV,
and payback results for the whole deployment so@nar
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Figure 9. Screenshot of Cisco IP RAN Optimization ROI Tool

Cisco ROI Tool for RAN optimization is availableawusively through Cisco sales representatives.

© 2005 Cisco Systems, Inc. All rights reserved.
Important notices, privacy statements, and trademarks of Cisco Systems, Inc. can be found on cisco.com.
Page 17 of 22



CISCO MWTM MANAGEMENT PLATFORM
Cisco Mobile Wireless Transport Manager (MWTM) isemtralized management and control platform thabkes mobile operators to entirely
administer their RAN optimization networks from ithOCs, from central-site nodes up to remote siéé-nodes.

Cisco MWTM provides discovery, inventory, monitagirfault, and performance management for the Gis&N Optimization infrastructure. It
makes managing Cisco mobile wireless routers, OldSopms, and RAN optimization line cards an easifydactivity, and supports all common
deployment configurations for Cisco RAN optimizatiproducts. It immediately identifies and repoe#-site alarms, and substantially reduces
the need for technician cell-site visits (Figurg.10

Cisco MWTM easily integrates with existing Ciscawerk management products such as CiscoWorks LAKMddament Solution and Cisco
Info Center, as well as third-party network managenproducts such as HP OpenView and MicroMuse bdlaitGo provide a complete set of
monitoring and management tools for the entire €RAN optimization network.

Figure 10. Screenshots of Cisco MWTM Management Platform
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Main features of the Cisco MWTM suite are:

Discovers the entire Cisco RAN Optimization netwarld displays each network element, neighborindgpegent, and physical/logical
connectivity in a network topology drawing that issean customize. Users can create custom viewsubatdinate views for grouping
similar devices together, where each subordinae Yias a state that is the aggregation of thesstéditithe contained devices.

Based on a client/server architecture, it suppatitedows and Solaris clients and Solaris and Linervers, and provides data access through
a Web browser.

Provides extensive Web-based accounting and netstatistics reports for network efficiency and dethinterface-level statistics.
Displays real-time data rate and usage line grépigsire 11).
- Options to configure collection intervals and retaging are supported.

Displays a real-time event list that supports agkedgement, annotation, customized filtering, apttifviewing that conform to ITU-T
Q.733 standards.

Receives native traps or HP OpenView traps frone@CRAN optimization platforms and uses Simple Netkwdanagement Protocol
(SNMP) polling to identify the status of each mashgevice. Cisco MWTM uses easy-to-recognize, ectated icons to report the status.

Provides Web-based status monitoring, alarm vieysogting, filtering, archiving, online documentatj and client download.
Provides external script execution on the servdrsamund playing on the client; both are customeaild triggered by events or alarms.

Figure 11. Graphical Analysis of Efficiency Gain on Real-Time Traffic on GSM Backhaul Link
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Table 7.  Summary Features MTWM

Feature Description
Supported New Network Element * Cisco RAN Optimization products: mobile wireless routers, ONS platforms, and line cards

* Discovery, inventory, real-time polling, performance polling, fault management, and topology

Cisco Signaling Gateway Manager * First step toward converged mobile wireless network management application
(SGM)-Based
GSM RAN Optimization Reports  Gather and report on backhaul link utilization statistics for GSM and UMTS

* Highlighting bandwidth saved by using GSM RAN optimization
CiscoWorks Integration * Launch CiscoWorks LMS 2.5 for Cisco 10S Software image and configuration management
J2EE Server Architecture ¢ Server architecture updates to use J2EE technologies

* JBOSS Open Source application server

* Linux and Solaris server; Linux, Solaris, and Windows clients

Database * Uses internal database for storage of reports data

WHY CISCO

Cisco provides a complete IP-based RAN infrastmectyptimization solution that increases efficiengduces costs, and enables additional services
based on IP, where Cisco is the recognized masketek.

Worldwide leader in IP networking solutions:
IP-based transport of RAN traffic, compliant witGBP R5/R6
IP end-to-end services at cell site
World-class reliable and expandable solution:
RAN vendor-independent solution integrates witmadljor existing RANs
- Transparent RAN network solution; does not impaéte quality and data throughput
- Wide range of interface choices for alternativekibacil
World-class network management products:
Integrated management solution based on SNMP allomeentralized management of remote sites
Expertise and knowledge in deploying network manag# solutions to manage thousands of nodes
World-class technical support:

- Worldwide support organizations (Cisco Advancedviges, TAC)

FOR MORE INFORMATION

For more information about Cisco RAN Optimizatiarution and products, visihttp://www.cisco.com/go/mobile
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