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Modern GSM transmission and transport networks enable the cost-effective 
expansion of mobile voice and data services – and provide a natural 
stepping stone for extending the reach of mobile broadband – to the last 
billions of users. 
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The growth challenge 
 

Access to digital communication has a direct and measurable impact on the 
economic growth of countries. However, 90 per cent of future subscribers will 
come from under-served areas in developing markets, where 50–80 per cent of 
the population live in rural areas, and a high proportion are on low incomes. The 
challenge is to deliver mobile services to these people as efficiently, and 
profitably, as possible, as illustrated in Figure 1. 
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 Figure 1: Coverage solutions to address lower-income segments 

 

These areas will initially be served with voice and basic data capabilities, 
although there is already demand for more advanced data services in some 
markets. While many applications can be realized using SMS, organizations such 
as health authorities, educational institutions and government, require more 
bandwidth.  

The challenge in rural areas is to establish new infrastructure and radio 
coverage, while in urban areas it is usually a matter of adding extra capacity. 
Furthermore, meeting the needs of financially constrained segments means 
overcoming a number of entry hurdles, including: low-volume and low-ARPU 
business; increased capacity needs; access to a reliable energy source; and 
access to rapid-to-deploy, cost-efficient and sustainable site solutions.  

Reducing TCO is fundamental to meeting this challenge, and one area of 
particular potential here is the efficient utilization of transmission resources. 
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GSM provides a sound platform for mobile operators to win this ‘final coverage 
race’, with solutions that extend the reach of mobile services everywhere, while 
maintaining or improving existing scale advantages. It is now possible to serve 
areas with populations as low as a few hundred people profitably. 

How will the continued growth in mobile subscriber numbers – and in the 
bandwidth they demand – be met by GSM networks in general and by advances 
in the transmission network in particular? 

 

Network evolution 
GSM network technology is continuously evolving to meet the new challenges of 
subscriber growth and increasing bandwidth. When it comes to high-growth 
markets, the most relevant trends in GSM development over recent years have 
been the centralization of key network functions and resource management, and 
the shift to all-IP operation.  

These trends have implications for transmission networks in a number of key 
areas. 

Centralization of control and distribution of payload  
The more core and access network nodes and sites there are, the more complex 
a network is, and the higher staff costs become. This drives the centralization of 
key network management resources.  

To reduce O&M requirements, it is just as important to try and limit the number of 
BTS sites in rural areas, but it is not always possible when a certain level of 
coverage is required. Many of the advanced features of GSM have been 
developed specifically to reduce the number of sites needed to cover a given 
area. Examples include extended range, transmitter coherent combining and 
four-way receive diversity.  

These BTS features can be implemented in new sites as well as in existing ones. 
If these features can be used as intended, they will increase the potential number 
of subscribers served by the same resource and reduce entry barriers even 
further. It is likely that the proportion of traffic staying in the local area would 
increase with the extended coverage capability of the BTS.  

The practical, or optimal, result is networks comprising a few large central office 
sites, containing the control functions, with large RANs that stretch out into the 
countryside. The network should be designed to deliver the lowest possible TCO 
– which means scalability and transmission efficiency are among the top 
priorities.  

The impact on transmission 
While the trend to centralization of key resources is well established, connectivity 
functions can now be distributed more cost-effectively than ever before.  
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A GSM network can be viewed as a tree, where the leaves are the individual 
radio base station (RBS) sites and the branches are transmission links, which get 
thicker the closer they are to the base station controller (BSC) at the roots (as 
shown in Figure 2). 

Transmission bandwidth in the RAN is a bottleneck in the industrialized world and 
is even more so in emerging markets, where transmission networks can often be 
rudimentary or non-existent.  

 

 

Figure 2: The GSM network ‘tree’ 

 

Along with access to a reliable energy source, transmission is a top priority for 
operators in emerging markets, and can account for 50 per cent – or more – of 
TCO. The left side of Figure 3 shows how TCO breaks down in a typical GSM 
RAN serving a large urban area. Here, the cost of an E1 leased line is around 
USD500 per month, and transmission accounts for around 15 per cent of TCO. In 
the countryside, however transmission costs can increase dramatically. For 
example, in the ‘worst-case’ scenario of having to use satellite connections (as 
shown on the right of the diagram), an E1 line may cost as much as USD10, 000 
per month – making transmission almost 78 per cent of TCO in the illustration. 
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 Figure 3: Typical TCO for a GSM RAN, based on data from Middle East & Africa  

 

To address transmission costs successfully, innovative solutions need to be 
provided in the GSM RAN, and this implies reusing or expanding the large BSCs 
already located in urban areas, with the resulting network of a few large switching 
sites and large RANs stretching out into rural areas.  

Evolution to all-IP RAN 
The need for an efficient, flexible, multi-service network environment, in parallel 
with fast subscriber growth and the trend towards mobile broadband, are driving 
the evolution to all-IP in mobile networks.  

The most efficient way to transport IP traffic between RBSs and switching sites is 
to use IP over Ethernet backhaul, thanks to its cost, capacity and scalability 
advantages, and the resulting investment protection it offers. In order to provide 
adequate backhaul capacity for the mobile broadband networks of today and 
tomorrow, Gigabit Ethernet over fiber is the most viable option.  

However, the vast majority of base stations currently in operation are connected 
by PDH E1/T1 transmission. By upgrading GSM base stations to IP, wherever 
possible, operators can make significant savings by deploying IP over the 
existing PDH transmission. The savings may be used either to reduce of leased 
line costs where there is little or no traffic growth or, more commonly, to increase 
traffic capacity for voice or data without having to expand transmission resources. 

The development of the Abis over IP interface offers a true test of the future-
proofness of RBSs. Operators able to upgrade their RBSs installed from 2002 
onwards with just a software change will have a distinct advantage over those 
requiring hardware replacements.  
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Care must be taken when examining the different solutions for Abis over IP: the 
devil is in the detail. While using IP should in theory make the most efficient use 
of scarce transmission resources such as limited numbers of E1/T1 or satellite 
links, this goal must have been clearly defined from the very beginning. One 
potential issue otherwise is that it is possible to design IP solutions that actually 
consume more bandwidth per call than the classic Abis, because of the relatively 
large size of the IP header (48 Bytes for an IPv4 header) compared with the size 
of a speech frame (typically 36 Bytes). The inherent transmission savings 
provided by IP are only available when speech frames are bundled, albeit with a 
small delay trade-off. 

A key driver of evolution to all-IP in the backhaul network is to reduce 
transmission costs. The rental cost of an E1 2Mbit/s or T1 1.5Mbit/s leased line – 
the traditional method of connecting radio base stations – is relatively high, 
especially compared with the cost of an ADSL line. Simply adding more and 
more E1/T1 lines would be unacceptable from a TCO perspective. ADSL 
provides a relatively high downlink capacity at low cost, which can be used by 
GSM Packet Abis thanks to its robust and tolerant design. In emerging markets, 
ADSL will be popular in urban areas with a substantial copper infrastructure 
already in place. 

Moving to a common converged 2G/3G IP RAN transmission network – either 
carried over Ethernet or PDH, or a combination of the two – provides mobile 
operators with significant advantages in terms of lower overall bandwidth 
requirements, with dynamic sharing becoming a possibility, and reduced O&M 
complexity and costs. This applies both to urban and rural areas. 

The classic RAN requires an advanced transmission network to keep track of 
every single connection from every TRX all the way through every digital cross-
connect (DXC) to the specific E1 port of the BSC – a design that extremely 
complex to maintain and, in particular, expand without sophisticated transmission 
management and planning systems.  

An IP RAN eliminates the need for such planning, since voice and data packets 
find their way through routers by means of their IP headers. An IP RAN does 
require an IP numbering plan, as well as adequate dimensioning of each link, but 
this involves a fraction of the effort needed to build, operate and expand the 
classic PDH-based RAN.  

There may also be a driver for introducing IP in the access network from the 
deployment of optical technology in the metro network. Often it becomes very 
expensive to upgrade the capacity of an existing STM-16 based metro network. It 
is much more cost-effective to introduce an IP-based metro network. Introducing 
an IP overlay in the SDH network frees up capacity through better utilization, 
statistical gains and the elimination of redundant capacity protection. Packet 
networks are inherently much more scalable.  

Abis over IP is bearer-agnostic and supports hybrid networks, where the 
connection is carried over traditional PDH links until it reaches a node with 
Gigabit Ethernet. By introducing IPSec at the RBS site, operators are free to rent 
capacity in other transmission networks, when available, while maintaining the 
integrity and security that can only be achieved through IPSec technologies when 
using an open Internet connection.  
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Reducing the need for transmission bandwidth 
As already stated, it makes sense to reduce the need for transmission capacity in 
mobile networks as far as possible – especially when using leased lines – as 
every byte costs money. A number of techniques have been developed to reduce 
transmission needs in the core network, and these are now also available in the 
radio network. 

Core network optimization  
Many operators still use different backbone networks for different services. The 
convergence toward an IP multi-service network represents an important 
opportunity for transmission cost reduction.  

Mobile softswitch solution (MSS) architecture addresses the conflicting desires of 
centralization versus distribution of vital network functions in an elegant way: call 
control (MSC server) can be made large and centralized, while bearer control 
(MGw) can be made small and distributed.  

This enables a flat network architecture that contributes to lower operating costs 
by enabling O&M to be focused on fewer key nodes, while providing common 
layered network architecture for both GSM/EDGE and WCDMA/HSPA access.  

Another important building block for a cost-optimized MSS architecture is support 
for all-IP operation. A common all-IP core enables the introduction of 3GPP 
standard-compliant IP multiplexing, which supports efficient transmission and 
provides bandwidth savings of up to 50 per cent. In addition, support for all-IP 
within the core and access networks enables further transmission optimization 
through MSS features such as Transcoder free operation (TrFO), optimal routing 
and MGw selection, and integrated speech compression, as illustrated in Figure 
4. 
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Figure 4: Transmission efficiency features in the core network 

 

When voice calls are coded for transmission across the network, various 
techniques are typically used to increase bandwidth efficiency or improve voice 
quality, as illustrated in Figure 5. While PCM on TDM requires a rate of 64kbit/s 
per call, adaptive multirate (AMR) compressed speech over IP/MPLS networks 
enables a rate of 23kbit/s – resulting in significant bandwidth savings. IP 
multiplexing provides additional savings, for example by enabling around 12kbit/s 
per call when used in conjunction with AMR coded speech. 

In the early days of mobile telephony, this often involved a trade-off in which 
voice quality was sacrificed for bandwidth efficiency. With continued advances in 
technology, however, it is now possible to deliver voice quality that actually 
surpasses the fixed telephone network while increasing bandwidth efficiency to 
new levels. 
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Figure 5: Techniques used to increase bandwidth efficiency or improve voice 
quality 

 

The distribution of M-MGw nodes to areas where satellite is the only available 
transmission link or where transmission redundancy via satellite is needed for 
either signaling or payload, or both, is enabled by satellite support in Nb & Mc 
interfaces. The location of a M-MGw is usually determined, among other things, 
by: the amount of traffic generated in the area; the availability of interconnect to 
other operators; and network redundancy for signaling as well as for payload. 
Both local switching and the ability to handle point of interconnect (PoI) avoid 
tromboning and deliver significant transmission savings. 
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Radio network optimization 
Depending on local conditions, some 60–80 per cent of total transmission costs 
arise in the access network.  

The good news is that new connectivity functions that were previously only 
available in the core network can now be distributed very cost-effectively far out 
in the RAN – with the help of routers integrated in the base station – substantially 
reducing transmission costs.  

The GSM Packet Abis interface helps GSM operators achieve significant savings 
and move to high-speed packet data services using IP technology, made 
available through the introduction of routers in the GERAN and in the BTS.  

GSM Packet Abis includes a number of functions that substantially reduce the 
transmission bandwidth required (as shown in Figure 6). These include silence 
suppression during calls (DTX), statistical multiplexing between cells and Local 
Connectivity.  

As well as reducing the transmission bandwidth used by up to 70 per cent for 
voice traffic, GSM Packet Abis enables unrestricted deployment of EDGE. This is 
because the transmission resource becomes a ‘bit pipe’ which can be freely used 
by all services offered by the base station: signaling, voice and data. What is 
more, the GSM Packet Abis functions are scalable down to one BTS site, making 
it economically feasible to expand the use of satellite transmission for BTS 
backhaul and to expand coverage even to remote places.  
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Figure 6: GSM Packet Abis includes a number of bandwidth-saving functions 

 

Alternative solutions – such as remote BSC with integrated local 
connectivity/switching, or small central office sites with functions like 
RBS+BSC+MGw+MSC-S – will not offer the same downward scalability. The risk 
is also that the complexity of the network is increased with a large number of 
distributed nodes and sites requiring extra O&M staff – resulting in increased 
O&M costs.    
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Basic principles for saving bandwidth in the GSM radio network 
GSM Packet Abis represents a complete re-engineering of the interface, starting 
in the baseband part of the transceiver (TRX) which now creates packets 
containing signaling, voice and data only when there is something to be sent, 
rather than a continuous stream of bits as before. This enables GSM operators to 
take advantage of three conditions that exist to varying degrees in all networks.  

Abis Optimization 

The first condition is silence during calls. Even though GSM is full duplex, human 
conversation is not: most people tend to be silent when the other party talks. This 
has been the basis of DTX in the air interface for years.  

The original Abis interface used for connecting the BTS to the BSC with 
permanent circuits has the fundamental drawback of locking up transmission 
capacity even when there is no information to be sent.  

Where traditional silence removal equipment removes the ‘padding’ in the 
continuous stream, GSM Packet Abis is designed only to transmit when there is 
information to be sent – saving 50 per cent or more of transmission needs in a 
cluster of BTSs. This functionality can be implemented purely through a software 
upgrade in the RBS, complemented with the addition of a new hardware 
component in the BSC. Field experience shows that this functionality typically 
increases the utilization of existing E1s from 12 TRXs per E1 with the classic 
Abis to 18 TRXs per E1 with Abis Optimization deployed. 

Abis over IP 

The second condition is the different Busy Hour for different BTSs resulting from 
traffic variations during the day. Traffic aggregation across a number of BTSs is 
less than the sum of all BTS sites’ maximum traffic capacity.  

GSM Packet Abis enables the sharing of transmission resources between 
several sites, as well as a dimensioning of a transmission link for the traffic it 
carries rather than the sum of all radio timeslots that were served by the link. 

By adding an IP header to the bundled speech frames, it is possible to capitalize 
on the varying traffic profiles of different RBSs if the DXCs in the hub sites are 
replaced with routers. While many people associate IP with Ethernet – and most 
routers have been designed for environments with predominantly Ethernet 
interfaces – there are several makes of routers available on the market that have 
predominantly E1/T1, SDH and Sonet interfaces, along with a few Ethernet 
interfaces. 

Since the introduction of IP brings along the need for sophisticated QoS 
mechanisms, as well as IP security with encryption, a new node is introduced: 
the Site Transport Node (STN). The STN divides the Abis interface into an IP-
based ‘Upper Abis’ towards the BSC, and an HDLC-framed ‘Lower Abis’, carried 
over E1s either within the site or over, typically, microwave to form a cluster of 
RBSs. 
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Operators that invest in Abis over IP and deploy routers at strategic positions in 
the RAN may expect an additional improvement in transmission bandwidth 
utilization –resulting in typically 21 TRX per E1 equivalent (2Mbit/s). 

Local Connectivity 

The third condition is that voice calls often stay local. Measurements from several 
operators show that a substantial proportion of voice traffic stays local to a BTS 
site or cluster of BTS sites: as much as 70 per cent of mobile calls are between 
people in the same geographical area. 

Once GSM Packet Abis has been introduced, significant transmission savings 
can be achieved by switching local calls at the hub site of a cluster or, in the case 
of a solitary BTS, within the BTS itself, through Abis Local Connectivity.  

Traditionally, if the number of subscribers in a given area is too small to justify 
investment in a BSC or Mobile Media Gateway (M-MGw), local call payloads are 
sent out and back – ‘tromboned’ – over expensive transmission resources, in 
many cases over satellite links, to the nearest switching node (as shown on the 
left of Figure 7).  

Keeping the calls local in the network with satellite backhaul not only reduces 
transmission costs, it may also improve speech quality for the calls that can be 
kept local. 

Abis Local Connectivity analyses the signaling between the mobile terminals and 
the network, and identifies and associates the two halves of a local call. It then 
returns the speech packages to the correct BTS traffic channel, and so removes 
unnecessary speech load from ‘upstream’ transmission resources. In order to 
maintain an open A-interface – for operators with BSSs and MSSs from different 
vendors – all devices in the speech path are seized and silence is generated on 
the A-interface, ensuring that the user plane of the MSS recognizes that the call 
is in progress as expected.  

 

Figure 7: Abis Local Connectivity eliminates ‘tromboning’  
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Once Abis over IP has been introduced – with the new STN node either 
integrated into new RBSs or serving new or old macro sites through the site 
integration unit (SIU) – Local Connectivity is achieved through software residing 
in the STN.  

All calls that are local within a cluster will be switched locally in the STN function. 
Where the total traffic within an isolated geographical location can be served by 
one cluster, all local calls will be switched locally. 

For locations where call behavior means 70 per cent of traffic can be served by 
one cluster, the resulting improvement in transmission bandwidth utilization 
would mean 70 TRXs can be served per E1 equivalent. 

Such levels of savings can only be expected where there is just one operator. In 
areas served by more than one operator, the savings for each operator will 
depend on their local market share. An operator with 50 per cent market share in 
a small town with 70 per cent local call behavior might expect 35 per cent of the 
calls made in its network to be connected locally in the STN. 

This provides a very strong incentive for competing operators to cooperate when 
fulfilling their Universal Service Obligation, as shared network solutions will 
enable local calls between different operators that share the same GSM RAN to 
be locally connected in the STN, irrespective of whether the subscribers use 
different operators. 

Saving bandwidth while retaining resilience  

Several innovative add-on products have been developed over the years to make 
more efficient use of the available bandwidth and enable connection of the 
traditional GSM BTS over IP-based media. While these solutions provide benefits 
under the conditions they are dimensioned for, they are incapable of handling 
overload situations as they are designed to be invisible to the GSM network 
nodes. Furthermore, the introduction of such equipment adds complexity as well 
as operating and management overhead. 

All bandwidth savings mechanisms are based on either compression through the 
use of various codecs or on the amount of ‘silence’ during calls, in-between calls 
or on the upper Abis link when the call is switched locally. While network 
resources will be planned and deployed to provide the desired quality of service, 
there will always be times when the original design criteria temporarily do not 
hold true.   

For example, during emergencies such as hurricanes or civil unrest, there will 
naturally be less ‘radio silence’ than at other times, and the network must 
continue to function properly. GSM Packet Abis is implemented as a native part 
of the BSS, and the BSC is able to handle a packet overload situation.  

The BSC controls not only the BTS but also the mobile terminals attached to the 
network. The BSC can identify a packet overload situation by analyzing the 
packet stream and has three mechanisms for handling the situation in a 
controlled way:  
·  ordering the hand-over of Full Rate calls to Half Rate  
·  ordering the hand-over to FR AMR on 8kbit/s  
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·  and if these ‘soft’ measures do not suffice, rejecting new calls.  

This means GSM Packet Abis can achieve the savings resulting from silence 
while maintaining the required resilience and robustness.  

Combined effects of Abis Optimization and Abis Loca l Connectivity  

Transmission bandwidth always comes at a price – typically at a level that means 
a decrease in transmissions cost will have a noticeable impact on an operator’s 
bottom line. Evolution to an IP-based packet-switched GSM RAN has the 
potential for significant savings for virtually every operator. This is true whether 
the operator has its own microwave network and has reached a ceiling on the 
radio capacity that can be served within the limits set in their microwave 
spectrum licenses, or it has the potential to reduce the number of leased lines, or 
to use new and more cost-efficient alternatives such as ADSL or Gigabit 
Ethernet. 

Naturally, the more expensive the original transmission resources are, the bigger 
the potential savings – and by far most expensive means of connecting base 
stations is by satellite. 

Improving transmission efficiency can therefore mean the difference between 
running a site at a loss of some 40 per cent with the classic Abis to being able to 
operate it at a healthy margin of some 45 per cent (earnings before interest and 
taxation (EBIT)). In this way, evolution to GSM Packet Abis eliminates the barrier 
to rolling out coverage to small, remote communities, and marks the start of a 
‘final coverage race’ in which the winner takes all.  

The combined effect of Abis Optimization and Abis Local Connectivity is to 
increase the number of BTSs that can be served by one Transponder Equivalent 
(TPE) of 36MHz from 35 BTSs with six TRUs each with GSM ‘classic’ to more 
than 200 BTSs:  
·  35 BTSs per TPE with GSM ‘classic’, or 12 TRXs per E1 
·  75 BTSs per TPE with GSM Packet Abis, or 21 TRXs per E1 equivalent 
·  more than 200 BTSs per TPE with GSM Packet Abis and Abis Local 

Connectivity (with 70 per cent local calls), or 70 TRXs per E1 equivalent. 

The resulting reduction of transmission opex is sufficient to enable a reduction in 
the optimal subscriber tariff, and to expand the addressable market for GSM in 
areas that can only be connected by means of Abis over satellite.  

 

 



 
 

How efficient mobile backhaul and packet-switched GSM will help win the final coverage race 
 

2/17/2009   284 23-3126 Uen  Rev A   Ó Ericsson AB 2009 
 Public 

14 (20)

 

 

Backhaul network efficiency  
The most common transmission technologies for backhaul, between RBS sites 
and the first switching node, in GSM networks are microwave, fiber and satellite 
links, as illustrated in Figure 7.  

 

 
Figure 7: A future view of the all-IP RAN over Ethernet 

 

As radio nodes evolve towards IP, the backhaul evolves toward Ethernet. The 
best and most cost-effective way of transporting IP traffic is to use an Ethernet 
backhaul; all backhaul nodes do not need to be IP-aware, and because the 
access part (LRAN) is more or less point-to-point in terms of topology, Ethernet is 
generally the most cost-effective form of transport for carrying IP traffic. IP over 
Ethernet provides cost and capacity scalability advantages, and is future-proof. 

For greenfield deployments, there is no need to deploy TDM networks: a self-built 
Ethernet backhaul network can be built from day one – whether for 2G or 3G 
networks. As described in Section “Evolution to all-IP RAN”, the cost of leased 
lines is often high in relation to the expected revenue. In under-developed 
markets, there are often only a limited number of leased lines available.  
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Improved microwave spectrum efficiency 
Microwave backhaul is the dominant backhaul solution, connecting some 60 per 
cent of all RBSs, and is the preferred alternative to leased lines for GSM 
operators where regulations allow and microwave frequencies are available. 
Operator-owned microwave resources are the most cost-efficient and future-
proof approach, especially as mobile broadband is introduced. 

New multi-agile microwave radios have been developed to handle increased 
bandwidth demands, for example offering more robust modulation for QoS-
sensitive traffic than for best-effort traffic, resulting in efficient capacity utilization. 
These hybrid links offer configurable combinations of Ethernet and TDM and 
different modulation schemes, enabling capacity to be allocated to voice and data 
in the most cost-effective way.  

Before the introduction of GSM Packet Abis, microwave links had to be designed 
to provide guaranteed service in all weather conditions. The robustness and 
resilience of GSM Packet Abis against inadequate IP connections mean the 
available microwave spectrum can be used more effectively. They enable the 
redesigned Abis interface to function over narrowband IP links to optimize the 
use of existing bandwidth.  

Microwave links can now be designed to use higher-order modulation, which 
offers superior bandwidth for the vast majority time. During very rainy days, they 
can revert to a more robust modulation scheme with lower throughput. This 
functionality would have been impossible to implement with the Classic Abis 
interface, since wet weather could potentially have interrupted transmission. 
GSM Packet Abis enables this microwave functionality to be used since GSM 
Packet Abis is designed to react in a controlled way to congestion of the Abis 
link. 

The adaptive modulation microwave links are also useful when introducing 
WCDMA and data services. 

Optical fiber 
Fiber is the best solution from a capacity point of view, although it requires a high 
payload to be justified, which is seldom the case in the early stages of rural 
network roll-out. Fiber is most attractive for larger urban areas and in the 
backbone network – wherever fiber is available on site, however, it should be 
used.  

With IPSec functionality, mobile operators can purchase transmission bandwidth 
from service providers that previously they could not even consider. Experience 
in Europe has shown how it is now possible to connect base stations over the 
Internet with perhaps surprisingly good quality, although no guarantees are 
given. 
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Satellite 
Satellite access provides coverage virtually everywhere globally, and is the 
backhaul option when other access types are not feasible, or take too long to 
deploy.  

While satellite links are an expensive option, the substantial transmission savings 
enabled by GSM Packet Abis help make them economically feasible in many 
more situations – even down to just one RBS site. 

GSM Packet Abis enables the use of Demand Assigned Multiple Access (DAMA) 
IP Satellite modems, which permit hundreds of base stations to share the 
bandwidth of one satellite. GSM Packet Abis deployments built, configured and 
maintained using these modems have proven to be reliable and predictable and 
a lot more economical than the classic Abis networks connected by SCPC links – 
although DAMA/IP technology does require detailed knowhow that comes with 
extensive interoperability testing. 

New satellite operators are launching mid-earth-orbit (MEO) satellites, which 
promise satellite bandwidth at approximately one-third of the price of the 
bandwidth from geostationary satellites, which to date have been the only 
available solution for cellular backhaul. 

One drawback of these MEO systems is the hand-over between satellites as they 
appear and disappear over the horizon. With classic Abis, the short link break 
during satellite hand-over would cause the base station to be blocked and 
required a manual de-block. As GSM Packet Abis is designed to be robust and 
resilient, it can withstand a link break of up to six seconds without even losing a 
call – a lot longer than the fraction of a second that the hand-over between 
satellites requires. 

The importance of radio network awareness 
When introducing IP RAN to save transmission bandwidth it is worth bearing in 
mind that narrowband IP connections will be subject to packet loss – so it will 
make a huge difference if the solution is designed to be ‘radio network aware’. 

A lost packet containing one speech frame will hardly be noticeable by the 
subscriber, while a lost packet containing the execution order for a hand-over will 
result in a dropped call. The Abis interface is only roughly specified in the 
standard: each radio network equipment vendor has its own specific 
implementation of it. It is vital that the interface correctly interprets what passes 
through the Site Transport Node and provides it with the correct QoS 
classification. 

Generally speaking, real-time applications such as voice and video telephony 
require timely delivery, and for such services it is better to discard a packet than 
to deliver it too late. For data services, the opposite is true: every byte must be 
correctly delivered while the timely delivery is of less consequence. 

Radio network signaling is the most demanding service carried by the IP network, 
and it must be complete and correct as well as delivered in a timely way. 
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Modern Layer 3 switched IP networks have the inherent ability to provide 
differentiated services, which ensures that critical IP packets containing radio 
network signaling information will be delivered in a timely manner, regardless of 
total packet loss. In order to make use of this capability, the classification of IP 
packets must be made correctly at the connection endpoints. Because the Abis 
interface is proprietary, this classification can only be correctly performed by 
nodes that are an integral part of the GSM RAN.  

Dual transport enables the operator to use more cost-efficient transmission 
alternatives for best-effort data services, while more critical services can be 
routed via more exclusive, and more costly, alternatives. 

Boosting backhaul capacity 
In the mobile backhaul network there are two main ways to deliver the increased 
capacity needed to meet new demand from additional subscribers and growing 
demand for mobile data. 

The first is to increase the physical capacity of the links. In microwave 
transmission networks this demands solutions that are both remotely scalable 
and agile, in terms of modulation and capacity, to ensure easy, cost-effective 
upgrades.  

The second is to evolve from TDM to IP/Ethernet to remove capacity bottlenecks 
through the introduction of traffic aggregation functionality. Mobile data traffic – 
especially mobile broadband traffic – has a large peak to average ratio, enabling 
significant statistical multiplexing gains.  

Ethernet technology offers a single interface that provides smooth scalability, 
dynamic capacity, and cost-efficient aggregation and multiplexing. 

The decision on where in the network to use each approach is a matter of 
balancing the cost of bandwidth with the cost of aggregation. In networks where 
mobile broadband is being introduced – resulting in dramatic increases in 
capacity, and large potential for statistical gains – aggregation will always be 
needed. Physical capacity will often need to be increased in the last hop, but this 
would be prohibitively expensive to do throughout the complete network.  

LRAN and HRAN flexibility 
To simplify the discussion and planning of mobile backhaul, the radio access 
network can be divided it into two parts: the access or lower radio access 
network (LRAN) and the metro or higher radio access network (HRAN). 

A key point when looking at transmission needs and costs is that the LRAN 
typically includes many thousands of connections, while the HRAN has 
hundreds. This means the LRAN has to be the primary focus for cost reduction, 
and IP over Ethernet transmission is likely to be the main goal.  

The HRAN has other requirements besides transmission efficiency, including 
resilience, efficient traffic aggregation and the ability to handle fixed–mobile 
convergence. Ethernet is the main transport technology, with more advanced 
functionality provided by MPLS for network resilience and convergence. 
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Thanks to its cost-efficiency, scalability and flexibility, microwave transmission 
will continue to dominate the LRAN, although copper and fiber links may be used 
if available. Satellite links provide a complementary access that can be used 
initially where other terrestrial transmission resources are unavailable, too costly 
to deploy, or prohibited by the regulators. In the HRAN, optical is the first choice, 
although high-capacity microwave links are an attractive option. 

The choice of transmission technology will be influenced by local market 
conditions: 
·  In existing networks with moderate traffic growth, microwave with native 

Ethernet and TDM transport or Ethernet over TDM are probably the best 
options for the LRAN, while fiber with Ethernet over TDM will be most 
attractive for the HRAN. 

·  In existing networks with high traffic growth, microwave with native Ethernet 
and TDM transport will be ideal, while optical with a native Ethernet overlay 
network and the legacy TDM network remains as it is in the HRAN. 

·  In greenfield areas, it makes sense to roll out Ethernet all the way, with 
microwave and native Ethernet, and optical with native Ethernet in the HRAN. 

 

Preparing for growth in high-speed data traffic  
Even if the business case for building out rural coverage is most often based on 
voice, there is a potential to introduce mobile broadband service cost-efficiently. 
Enabling shared mobile broadband will not only generate revenue today, it will 
also enable the financially constrained segment to start using broadband services 
at affordable price levels. 

Less restricted deployment of EDGE  
One of the biggest obstacles to the introduction of EDGE has been the locking up 
of transmission capacity. GSM Packet Abis reduces transmission bottlenecks by 
up to 70 per cent for voice traffic and enables more flexible, less restricted 
deployment of EDGE. 

With GSM Packet Abis, there is no longer any need to make permanent 
allocations of bandwidth to signaling, voice or data. The connection becomes an 
unstructured bit-pipe, which can be used to its full capacity with any combination 
of traffic. 

GSM Packet Abis will effectively quadruple performance for a subscriber in a 
network where the operator previously limited the use of EDGE to one timeslot 
per cell.  
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As a result, the barriers for introducing mobile broadband with EDGE, in rural 
areas but also in urban areas, are reduced. The business case for expanding 
RBS capacity in existing sites and extending the life of existing transmission 
resources is improved. It is also possible to use expensive transmission 
resources more economically, supporting roll-out strategies where time-to-market 
is important or when limited amount of transmission is available. This enables 
introduction of shared broadband to the financially constrained as an add-on to 
existing voice services. 

Transmission sharing for GSM and WCDMA/HSPA  
Some 70 per cent of capital and operating costs relate to cell site costs in rural 
areas, so site sharing between GSM and WCDMA/HSPA offers a real cost 
advantage over rolling out a completely separate radio network.  

With both GSM and WCDMA offering a common transport technology in the form 
of IP, the benefits of having one common transport network for both radio 
technologies are evident.  

The new SIU also enables GSM/WCDMA IP-based co-transport, proving a single 
connection point for GSM BTS and WCDMA Node B (and LTE eNode B in the 
future) at shared cell sites. 

 

The 3GPP family of technologies will continue to develop to enable even more 
efficiency-enhancing solutions for GSM, WCDMA/HSPA and soon LTE radio 
networks – helping to ensure continued profitability even after the final coverage 
race has been won. 

 

 

 

 

 

Glossary 
ADSL Asymmetric Digital Subscriber 

Line 
AGW application gateway 

AMR  adaptive multirate  
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ARPU average revenue per user 

ATM asynchronous transfer mode 

BSC base station controller 

BSS base station subsystem 

BTS base transceiver station  

CS circuit-switched 

DAMA/IP  Demand Assigned Multiple 
Access 

DTX Discontinuous Transmission 

DXC digital cross-connect 

E1  2.048Mbit/s data circuit  

EBITDA  earnings before interest, taxes, 
depreciation and amortization 

GERAN  GSM EDGE Radio Access 
Network 

HDLC High-Level Data Link Control 

HRAN ‘high’ RAN 

HSPA High-Speed Packet Access- part 
of 3GPP WCDMA standard 

IPSec Internet Protocol security 

ISDN Integrated Services Digital 
Network 

LRAN ‘low’ RAN 

LTE Long Term Evolution 

MEO mid-earth-orbit 

MGw Media gateway 

M-MGw  Mobile MGw 

MPLS Multiprotocol Label Switching 

MSC Mobile Switching/Service Center 

MSC-S MSC Server 

MSS mobile softswitch solution 

MUX multiplexer 

Nb & Mc  interfaces defined in UMTS 
release 4 

O&M operation and maintenance 

QoS  quality of service 

opex operational expenditure 

PCM Pulse code modulation 

PDH Plesiochronous Digital Hierarchy 

PLMN public land mobile network 

PoI point of interconnect 

PSTN public switched telephone 
network 

RAN radio access network 

RBS radio base station 

RNC radio network controller 

SCPC single channel per carrier 

SDH synchronous digital hierarchy 

SIU site integration unit 

Sonet synchronous optical networking 

SMS Short Message Service 

STM Synchronous Transport Mode 

STN Site Transport Node 

T1 1.544Mbit/s data circuit 

TCO total cost of ownership 

TPE  Transponder Equivalent  

TrFO Transcoder free operation 

TRU  transceiver unit 

TRX  transceiver 

USD   United States dollar  

VoIP  Voice over Internet Protocol  

xDSL This refers collectively to all 
types of digital subscriber lines, 
e.g. ADSL and VDSL. 


