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Solving the Mobile Backhaul challenges

Executive Summary

WDM has already played an important role in aggregation of cell
traffic, but in the past was seldom used to provide bandwidth

to the cell site itself. But now a highly competitive and compre-
hensive WDM-based solution that offers scalability, flexibility,

and cost optimization of backhaul requirements ranging from

the cell site through aggregation and metro transport network

is available. Transmode’s Multi-Service Mobile Backhaul Solution
is compelling for mobile backhaul because it offers carriers the
scalability, flexibility, and operations model that mobile and fixed/
mobile operators need, providing one solution that can extend all
the way down to the base station, providing native transport for
TDM and Ethernet traffic, broad synchronization support including
multiple synchronization streams on one wavelength only, and an
easy migration path from TDM to Ethernet cost effectively and at
the pace they need.

Transmode's Multi-Service Mobile Backhaul Solution is important
because although mobile broadband technologies associated
with 3G, 4G and WiMAX are creating important new multimedia
service opportunities for both mobile operators and fixed/mobile
operators worldwide, the revenue opportunity created by mobile
multimedia services can only be realized if the very real challenge
of finding more cost effective backhaul transport is overcome.
Choosing the right solution to cost effectively scale backhaul
from the cell site back into the network can make or break the
business case on which carrier’s new mobile multimedia services
are justified. The use of fiber for backhaul makes increasing sense
now as the backhaul network begins to scale dramatically -
particularly when coupled with an innovative and cost effective
WDM solution that provides flexibility, scalability, and opera-
tions synergies while offering native TDM and Ethernet transport
and serving in backhaul both in an aggregation role as well as
providing access to the cell site.

The right backhaul solution must do far more than just opti-
mize cost; it must also offer the low latency required to support
stringent synchronization requirements over a packet transport
network, and support both TDM and Ethernet traffic natively if
it is to support the installed base and facilitate a smooth migra-
tion. The availability and cost of licensed spectrum a backhaul
solution might require is also an issue to consider, as are the dis-
tance capabilities and performance, availability and reliability of
any backhaul transport solution under evaluation. The potential
to leverage the operations synergies created by having a solution
that meets cell site as well as metro aggregation and transport
requirements is another consideration, as is the operations
synergies possible in fixed/mobile networks serving in PBX access
and DSLAM aggregation roles.

The best backhaul solution also needs to support backhaul from
multiple generations of radio technologies well into the future,

and may also need to support separate synchronization streams
for wholesale operators and those buying backhaul from a whol-
esaler, and for those mobile operators that choose to share
their backhaul network with a competitor. The latency, QoS and
scalability requirements that multimedia traffic now present to
mobile operators are far more complex than what they had to
deal with in the past, creating the need for a more cost effective,
flexible, and scalable backhaul solution.

Now mobile operators can enjoy all the advantages possible in

a fiber-based WDM solution for backhaul thanks to Transmode,
which has created the most flexible and cost effective backhaul
solution available and made fiber to the cell site as well as aggre-
gation nodes a compelling alternative. Transmode offers a range
of Access Solutions and Hub Solution as part of its Multi-Service
Mobile Backhaul Solution, provides a simple and effective hybrid
approach by which native E1/T1and Ethernet traffic streams can
be transported in parallel as is done in hybrid microwave, and
gives mobile operators a variety of options tailored to their needs
while enabling a smooth and efficient migration to an Ethernet
or all-IP over WDM based backhaul network.

This white paper discusses the problems that Transmode’s Multi-
Service Mobile Backhaul Solution solves in the mobile network and
the ultimate benefits this solution provides to mobile operators.
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Transmode Provides an Efficient and
Flexible WDM-based Backhaul Solution

WDM has already played an important role in aggregation

of mobile traffic, but in the past was seldom used to provide
bandwidth to the cell site itself. But, given the capacity and
distance requirements, a WDM-based solution that offers
scalability, flexibility, and cost optimization of backhaul
requirements ranging from the cell site through aggregation and
metro transport network has strong appeal if the cost is right.
Transmode has been an innovator in engineering cost effective
carrier class WDM systems, and its Multi-Service Mobile Backhaul
Solution is compelling because it offers carriers the scalability,
flexibility, and operations model that mobile and fixed/mobile
operators need, providing a solution that can extends all the
way down to the base station, offering native transport for TDM
and Ethernet traffic, supporting options in synchronization and
multiple synchronization streams on one wavelength, and giving
operators an easy migration path from TDM to Ethernet cost
effectively and at the pace they need.

The Importance of Choosing
the Right Backhaul Solution

Mobile broadband technologies associated with 3G, 4G and
WIMAX are creating important new multimedia service oppor-
tunities for both mobile operators and fixed/mobile operators
worldwide, but the revenue opportunity created by mobile mul-
timedia services can only be realized if the very real challenge of
finding more cost effective backhaul transport is overcome

Figure Tillustrates the cost challenges associated with rolling out
3G and 4G multimedia services.
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Figure 1. Cost Challenges of 3G and 4G Multimedia Services Mandate
Backhaul Optimization

The Mobile Broadband Multimedia
Services Opportunity

Mobile broadband capacity requirements are being driven by 3G
and 4G technologies like HSPA, EV-DO Rev A and B, and HSPA+.
WiIMAX and LTE are poised to enable even greater advances in
mobile data rates for the subscriber, creating important new
multimedia service opportunities for mobile operators and fixed/
mobile operators worldwide.

Just how big the revenue opportunity associated with mobile
broadband will be is evident from the sheer growth in mobile
broadband subscribers worldwide, which has already surpassed
the total number of fixed broadband users and is expected to
surpass the 1billion mark in only a few years. While the increase
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in mobile broadband subscribers in itself has put significant pres-
sure on the existing backhaul network resources, the real strain
on the backhaul network is only just beginning.

Mobile operators are experiencing sustained growth rates in
mobile data traffic typically ranging between 150% to 300% an-
nually or higher, even after the initial spike of the ramp up as 3G
services are introduced, which can cause very painful short term
increases that are much higher. And this is only the start, as the
influx of smart phones and computing devices supporting higher
modulation formats and data rates is expected to drive that
growth higher, and LTE will drive it even further.

Sources of Strain on the Existing
Backhaul Network

As if the strain on backhaul network resources imposed by
greater availability of 3Gand 4G mobile broadband capable
devices is not enough, it is accompanied by additional strain due
to the growing availability of bandwidth intensive multimedia
content, services and applications. Image archiving and retrieval
services, video and music downloads, GPS and mapping services,
subscriber targeted and location based advertising, business
VPNs, and GUI-based applications controlling home entertain-
ment and computing resources are only a few examples of the
many services and applications that will drive a virtual explosion
in bandwidth requirements over the next few years.

The backhaul network is typically ill prepared to scale cost effec-
tively to meet the resulting growth, and that is a situation that
operators must change quickly if they are to cash in on the full
revenue opportunities associated with mobile broadband. While
the demand for mobile multimedia services is unquestionably
strong, there are some very significant challenges which opera-
tors must overcome to successfully commercialize them.

The Cost Challenges of Mobile

Broadband Services

The amount of revenue that multimedia services generate per
bit of network bandwidth tends to be considerably less than the
revenue/bit generated by mobile telephony. And this problem is
compounded by the fact that mobile broadband services are now
using significantly more bandwidth than mobile telephony. For
this reason, achieving a profitable roll out of mobile broadband
services requires that the total cost of ownership per bit of trans-
port must decrease significantly. Since neither leased lines nor
traditional microwave is able to support a strong business case
for scaling 3G and 4G multimedia traffic. Clearly a more cost ef-
fective backhaul solution must be found. Ethernet will necessar-
ily be a key part of a cost effective solution, but mobile operators
also need to determine how best to achieve synchronization and
support multiple generations of 2G, 3G, and 4C.

Evaluating the Technology

Choices for Backhaul

Leased lines and the installed base of legacy microwave do

not scale cost effectively, and though the hybrid or packet
microwave solutions that are succeeding them provide greater
scalability, they are still subject to spectrum constraints, to
varying link engineering rules on a city by city basis, and to
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reduced throughput due to atmospheric attenuation when
adaptive modulation is used. Many operators do not have PON
assets to leverage, and even those that do typically find that
leveraging these assets can help them address only a percentage
of backhaul requirements. PWE3 aggregation devices introduce
inefficiencies due to encapsulation, require careful engineering to
ensure consistent synchronization, and do not support multiple
synchronization streams to a base station.

The use of fiber for backhaul makes increasing sense now as the
backhaul network begins to scale -particularly when coupled with
an innovative and cost effective WDM solution that leverages
cost optimized active and passive technologies to provide
flexibility, scalability, and serve in both a metro aggregation role
and provide access to the cell site.

Figure 2 shows some of the pros and cons of various backhaul
technologies leveraging copper and fiber-based access media.

What Operators Really Need

in a Backhaul Solution

In addition to efficient and scalable transport, low latency, and
accurate synchronization, operators also need backhaul solutions
that maximize the synergies across access and aggregation in the
backhaul network to minimize operations costs, and they need
technologies that can effectively complement the toolkit of access
methods they will utilize to best address the backhaul needs of the
various classes of cell sites that exist in their network.

What operators really need for backhaul is massive scalability, low
latency, accommodation of complementary backhaul technolo-
gies, and operational synergies across the access and aggregation
network wherever possible.

Fiber is emerging as the media of choice where it exists or can
be extended cost effectively, and thanks to the growing FTTH

Copper-based

Leased lines

Stable synchronization
High availability
Installed base

"N x" scalability model
Expense compared to multimedia service
revenues/bit

DSL

Sweats existing assets
Immediate availability

Less scalable

Less supportive of synchronous peer to peer
traffic

Mismatch with DSL oversubscription model
Suited for access only

EFM “bonded copper”

Niche technology
Leverages spare pairs of copper

Consumes large amounts of existing copper
Performance varies with copper plant quality

No business model when special builds of copper
pairs / new copper is required

Suited for access only

Wireless-based

Legacy microwave

Reliability
Known quantity

Spectrum availability and cost
Varying network availability
Inefficiency of "daisy chains"
Per-city engineering rules

Line of site requirements

Hybrid and packet microwave

Reliability

Known quantity

More efficient aggregation

Better scalability

Adaptive modulation for enhanced availability

Spectrum availability

Spectrum cost

Varying weather-dependent network capacity
Per-city engineering rules

Line of site requirements

Fiber-based

GPON Sweats existing assets where available Not justified for use where not already deployed
Passive operations model for FTTH/FTTC
Less flexibility in native transport of TDM and
Ethernet
Not supportive of multiple synch streams per
connection
Suited for access only
WDM PON Highly scalable Immature technology
Supports long distances Relatively costly solution
Best suited to niche applications
PWE3 Aggregator Competitive cost Encapsulation overhead

Support for 2/3/4G

Complex adjustment to achieve synch accuracy
Inability to support multiple synch streams

Transmode's iWDM

Supports native TDM and Ethernet

backhaul

Supports multiple synch streams

Unparalleled scalability

Operations synergies due to use in both access
and aggregation backhaul network and con-
verged fixed/mobile networks

Active and passive WDM solution
components

Not as cost effective for some smaller sites in
the network

Figure 2. The advantages and disadvantages of copper and fiber-dependent backhaul technologies
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rollouts and fiber builds in many markets. WDM can provide one
solution for backhaul access to the base station, at aggregation
nodes, and as a complement to other backhaul technologies

in those cases where they make sense or exist as part of the
installed base.

Figure 3 shows the mobile operator checklist for evaluating a
good backhaul solution.

Backhaul solution “wish list”

v TDM natively supported
Ethernet natively supported
Multiple synchronization streams supported
Guaranteed performance in terms of latency and jitter

Extreme scalability decoupled from “N x” cost structure

v

v

v

v

¥ Ability to complement and support or replace pseudowires

v Cost optimized options for cell sites over a range of distances

¥ Major TDM and packet synchronization standards supported

¥ Operations synergies within converged metro transport networks
v

Applicability to both backhaul access and aggregation network

Figure 3. Key criteria for evaluating a backhaul solution

As is often the case, the most simple effective solution is best.
The trend is for operators to turn increasingly to fiber optics for
their backhaul solutions, with deployment of fiber in access rings
serving aggregation nodes becoming more common, and with
fiber also being deployed all the way out to the cell site itself.

The reliability and scalability of fiber makes it the access medium
of choice wherever economically feasible. And a WDM-based
solution over fiber today has a much stronger business case than
in the past. Carriers are increasingly turning to fiber as a back-
haul access medium of choice for many of their most important
cell sites.

Figure 4 shows the growth in frequency with which cell site
backhaul requirements are expected to be solved with fiber.
Market projections from Infonetics indicate that fibre will play a
very significant role in the next few years, serving in over 30% of
backhaul requirements.

Worldwide Mobile Backhaul New Connections by Technology
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Figure 4. The Percentage of Backhaul Served by Fiber
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The Transmode Multi-Service
Mobile Backhaul Solution

Transmode’s Multi-Service Mobile Backhaul Solution is com-
prised of three Access Solution options and a Hub Solution,
optimized solution that meets the majority of mobile opera-
tors’ backhaul needs at the cell site and metro aggregation and
transport networks, and effectively complementing the carriers’
installed base of backhaul . It meets all the increasingly stringent
performance, QoS, and synchronization requirements of mobile
backhaul, supports multiple synchronization streams over one
wavelength, provides a flexible transport layer supporting native
transport of both TDM and Ethernet to provide legacy support
and TDM-to-Ethernet migration strategies, and can provide a
fiber-based end-to-end backhaul solution from the base station
back into the network to offer the greatest operational synergies
possible. In addition, it can provide aggregation of complemen-
tary access technologies used at some cell sites where appropriate.

Transmode’s Multi-Service Mobile Backhaul Solution is a cost
effective, flexible, and scalable carrier class backhaul solution

for WDM over fiber. It addresses both cell site and aggregation
network needs while helping carriers plan and execute a smooth
and painless migration from TDM to Ethernet. And with the
strong innovation Transmode has brought to the market in terms
of offering cost effective, flexible and scalable WDM solutions,
Transmode is playing an important role in helping a growing num-
ber of mobile operators worldwide optimize their mobile backhaul
network to enable an accelerated, trouble free and profitable
introduction of revenue generating mobile multimedia services.

Figure 5 illustrates the Transmode Multi-Service Mobile Backhaul
Solution.

Source: Infonetics
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Figure 5. The Transmode Multi-Service Mobile Backhaul Solution

Components of The Transmode Multi-
Service Mobile Backhaul Solution

Transmode’s Multi-Service Mobile Backhaul Solution is com-
prised of both Layer 1and Layer 2 technologies. At Layer 1,
Transmode’s Multi-Service Muxponders provide transparent
and synchronized transport of multiple STM-1/0C-3 signals

and GbE signals over a single line interface. As an alternative,
Transmode’s Layer 2 Ethernet Muxponder (EMXP) supports GbE,
10 GbE and synchronous Ethernet. In the Multi-Service Mobile
Backhaul solution multiple GbE signals, each with its own inde-
pendent clocking source, can share the same line signal -

a distinct advantage over 10 GbE solutions where all constituent
GbE flows must clock off the same synchronization source.

There are two major components to Transmode’s solution,
the Access Solutions and the Hub Solution.

The Access Solution

There are three Access Solution Options: a low capacity node and
a high capacity node, which can be cascaded for greater capacity,
and an Ethernet Access node. Each of the Access Solution options
is a compact 1U node with two line interfaces enabling 1+1 protec-
tion. The Access Solution options are shown in Figure 6 below.

TDM Interfaces 8x E1/T1 16x E1/T1* NA
Ethernet Interf 2x100/1000-BaseT 4x100/1000-BaseT 4x GbE
ernetintertaces + 2x FE/GbE + 4x FE/GbE
Size 1 u 11v]
Line interfaces (configuration dependent on collected | 2 line interfaces 2 line interfaces
capacity) 2.5 Gbps or 4 Gbps (configuration dependent on | 2.5 Gbps or 4 Gbps (configuration dependent on col-

collected capacity) lected capacity)

Protection interfaces 1+1 protection 1+1 protection 1+1 protection

Figure 6. The Transmode Multi-Service Mobile Backhaul Access Solutions

The Hub Solution
The Hub Solution is a plug-in unit that is inserted into the chassis
of a Transmode TM-3000, which maps E1/T1 signals into STM-1/

*The High Capacity Node can be cascaded to provide up to 32 E1/T1s over a single line interface.

OC-3 for aggregation and transport up to the appropriate control
point. The capabilities of the Hub Solution are shown in Figure 7.

Plug in to the TM-3000 or
TM-301 chassis

Maps E1/T1s into STM-1/0C-3 uplinks

are data transparent for transport over Layer-1or

Ethernet signals are provided synchronization and | Two hub nodes can be interconnected to enable better

utilization of the STM-1/0C-3

a synchronous Ethernet Network

Figure 7. The Transmode Multi-Service Mobile Backhaul Hub Solution
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Benefits of the Transmode Multi-Service
Mobile Backhaul Solution

Transmode’s Multi-Service Mobile Backhaul Solution provides
significant scalability for both E1/T1and Ethernet backhaul
traffic, and supports each of these types of traffic natively. One
backhaul facility supports TDM and Ethernet with a simple and
effective approach similar to that used by hybrid microwave.
Any mix of TDM and Ethernet traffic can be supported, with

no penalty in terms of the total bandwidth available on the
backhaul facility regardless of the traffic mix. Operators can
use proven TDM timing and synchronization while also carrying
Ethernet traffic natively.

TDM trafficis transparent and never queued; delay and jitter
remain constant for the utmost in deterministic performance.
E1/T1and Ethernet signals are multiplexed and transported
while maintaining full synchronization transparency. This Layer-1
multiplexing technique ensures the highest quality clock signal by
fundamentally eliminating latency and jitter on Ethernet traffic,
and multiple Ethernet signals, each with its own high-quality
timing reference, can share the same wavelength. Both theT1/E1
and Ethernet traffic carry a physical-layer synchronization signal
by transporting a Stratum clock with this approach, ensuring

a synchronization signal that meets E1and T1standards, while
fundamentally eliminating jitter and bit-error multiplication.

The cost synergies of using a single transport facility for all
backhaul traffic are realized, and there is no need to physically
reconfigure the network as bandwidth requirements or the
traffic mix change. Because Transmode does not encapsulate
TDM within IP packets or Ethernet frames or map Ethernet into
TDM, the inefficiencies and associated delays of doing so are
eliminated. The Transmode solution can complement or support
the use of pseudowires at the operator’s discretion, and its ability
to handle Ethernet in native format enables backhaul capacity to
scale to multiple GbEs when needed.

The Transmode Multi-Service Mobile Backhaul Solution helps
carriers control both capital expenditures and operations
expense as they continue to scale to meet their own backhaul
requirements or the backhaul requirements of their wholesale
customers. The flexibility it provides in terms of scalability and
native support for both TDM and Ethernet means carriers are
freed from the need to try and accurately project backhaul
bandwidth requirements and traffic mix far into the future.
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Conclusion

Bandwidth requirements are exploding due to multimedia mo-
bile broadband services, and mobile operators need a more cost
effective and scalable solution for their backhaul networks as a
result. Transmode, a leader in developing cost optimized carrier
class WDM solutions, provides the answer with its Multi-Service
Mobile Backhaul solution. Providing native transport of both
TDM and Ethernet traffic, supporting multiple synchronization
streams over a single wavelength, and offering robust support
for the stringent performance, QoS, and stringent synchroniza-
tion requirements of today’s mobile backhaul networks, the
Transmode Multi-Service Mobile Backhaul Solution supports a
variety of requirements cost effectively for network-wide appli-
cability spanning both cell site access as well as metro aggrega-
tion requirements, and can also play a role in converged fixed/
mobile networks aggregating other traffic from DSLAMs or OLTs
to create additional operations synergies.

Transmode's Multi-Service Mobile Backhaul Solution is playing
an important role in helping a growing number of operators
with mobile networks worldwide optimize their mobile or fixed/
mobile backhaul network to facilitate an optimal migration path
to an Ethernet or all-IP backhaul network and enable an acceler-
ated, trouble free and profitable introduction and ramp up of
new revenue generating multimedia services.
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