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1 Introduction  
As 3G networks begin to achieve higher penetration rates in the Americas, the need for reliable 
data performance becomes much more significant than ever before.  Data performance is 
inextricably tied to the management of RF coverage and interference, both for in-building and 
outdoor service.  This paper focuses on data throughput performance.  It is necessary to deliver 
sufficient RF signal strength while keeping RF interference under control.  Voice performance and 
efficiencies, while also important, are not the focus of this paper.  UMTS/WCDMA enjoys a lead 
over competing technologies, and it is critical to provide precise RF service shaping in order to 
take full advantage of the technology’s lead.  Dynamic RF network optimization systems are 
being developed which will dramatically change how wireless access networks are optimized and 
operated.  Additionally, neutral host systems are becoming more popular as an alternative to 
having multiple, overlaid coverage systems. 
 
This paper discusses coverage challenges and solutions, including intelligent repeaters, 
distributed fiber systems, neutral host system opportunities and challenges, remote radio heads, 
Micro cells and Pico cells, remotely adjustable antennas, smart antennas, dynamic network 
performance optimization, and other related topics.   
 
An application matrix is shown which compares the various solutions and identifies their relative 
strengths and weaknesses.  This is useful for operators and solution providers who must identify 
the optimum solution for specific applications. 

2 Data performance improvement through coverage-
enhancing features, products, and network design 

When a discussion is started about improving packet data coverage in 3G systems, at least two 
different areas need to be addressed.  The first area concerns the radio network design itself (e.g. 
site positions, feeders, tilt, choice of equipment), and the second, technical features that may be 
included to improve the performance of the design.  
 
The objective of Chapter 2 is to give an overview of both areas.  Chapter 3 will further describe 
the pros and cons to consider when choosing equipment as well as describe some of the most 
important technical features to improve packet data performance. 

In this section, please note that when referring to urban, suburban and rural areas, two aspects 
are considered: the differences in population density (number of subscribers per square 
kilometer) and the actual radio propagation environment.  In urban areas, high population density 
and high dispersive radio propagation environment (high multi-path interference) is assumed, 
whereas rural areas assume lower population density and a low dispersive radio propagation 
environment. 

2.1 Trade-off between coverage and capacity 

One could argue that some of the system solutions described in this paper might be focused 
more on capacity solutions than pure coverage enhancements for data throughput performance. 
However, for spread spectrum systems, like WCDMA and frequency-hopping GSM, there is a 
strong link between coverage and capacity.  When analyzing the performance impact of new 
system features it is not always clear what will enhance coverage or capacity.  The deciding 
factors are the manner and extent of an operator’s deployment.  
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2.2 Design objectives 

One main objective in the design of 3G networks is to provide seamless mobility and mobile 
broadband access to end users.  Voice and data services shall be provided not only in outdoor 
environments, but also in indoor environments, where most users are expected to be located.  
This includes the increasing number of laptop users with WCDMA access requiring higher 
bandwidth and quality of service.  The need for in-building coverage and high capacity in dense 
areas are the main drivers that affect the design solution in the network. 

In order to provide service to indoor customers, an operator can deploy different techniques.  The 
most straightforward would be to use Macro cellular base stations to transmit the signal into 
buildings.  In many cases, the outdoor coverage is sufficient for both indoor voice and data. 
However, in certain locations, the high path loss caused by walls and other indoor elements can 
be too high to maintain sufficient quality for data users. Possible improvements to this basic 
Macro solution include mitigating the path loss problem by using lower frequency bands with 
higher penetration (i.e. WCDMA in 900/850MHz) and deploying dedicated indoor solutions.  
Indoor solutions will be further discussed in section 2.4. 

2.3 Challenges for urban/suburban areas 

At the introduction of packet data services in live networks originally dimensioned for voice, video, 
and Rel-99 64 kbps packet data, the network grid is in many cases sufficient for the initial UMTS 
traffic requirements both for Rel-99 packet service and for HSPA.  This is true for both urban and 
suburban areas as long as the planning targets/requirements are moderate.  Initially, the main 
solution for providing indoor and outdoor coverage is the Macro network.  If the requirement is to 
provide basic WCDMA coverage for users, this will clearly provide the most cost-efficient solution. 

However, the objective of this paper is to study the requirements when higher packet data rate 
coverage -- defined as the percentage of surface that can offer a certain data rate -- is requested 
from the network.  The problem may be that the packet data coverage (percentage of surface), 
average packet data rates, or peak rates are too low, or a combination of all of these. 
 
An example of packet data planning targets/requirements is shown below: 

 The network should be designed so that 384 kbps in 95% of the indoor areas can be 
offered to the users 

 The network should be designed so that 3 Mbps in 90% of the areas can be offered to 
the user 

Depending on the new target levels for packet data rate coverage, the network design may have 
to be improved, and new technical features introduced.  

Data performance is inextricably tied to the management of RF coverage and interference, both 
for in-building and outdoor services.  The RF management can be improved by the introduction of 
interference cancellation techniques and diversity, by network design, such as tilting, power 
settings, advanced antennas, and, not least, by choosing a suitable site solution and deploying it 
in conscious way. 

From the network design perspective, the traditional challenges come from four basic areas: 

 site acquisition, choice of equipment and placement of sites and antennas 

 traffic planning with regards to coverage and capacity 

 network optimization (e.g. downtilt, parameters and network configuration) 



 
 

6

 indoor environments in specific buildings (e.g. sky-scrapers, train stations, malls) and 
public areas (covered in section 2.4). 

Revising these four basic cornerstones is very important for the general improvement of packet 
data performance in urban /suburban areas, and it impacts the RF management of coverage and 
interference.   

Furthermore, for high speed data, the additional challenge of a multi-path environment must be 
included.  The multi-path environment is “created” by a mix of the network design and how the 
geographical area actually looks.  The radio signals are reflected by buildings and obstacles 
which increase the self interference, the interference from own cell.  High self interference in 
traditional RAKE receivers means lower packet data rates. 

In subsections 2.3.1 to 2.3.4, the above challenges for the urban/suburban environment will be 
discussed and possible solutions for them will be overviewed.  Indoor coverage will be discussed 
in the following section, 2.4. 

2.3.1 Site acquisition, choice of equipment and placement of sites 
and antennas 

Adding new strategically placed sites is maybe the most obvious and traditional way to increase 
packet data coverage and capacity.  One difference from traditional voice/video network design is 
that the high speed packet data users are, to a large extent, expected to be indoors.  However, 
although the method is traditional, it is nevertheless still valid and efficient.  

Adding sites for indoor packet data coverage does not immediately imply indoor solutions.  
Instead, coverage with sites located outside a building is often sufficient.  

Initially, the indoor coverage often comes from Macro Node B cell layer and can be improved by 
adding Micro Node B or remote radio heads where the antennas are directed towards the 
intended coverage areas.  However, for areas where this is not sufficient, a number of indoor 
solutions exist, including Pico, Femto, distributed antenna systems (DAS) and leaky cables (see 
section 2.4 and Chapter 3 for additional details). 
 
New, carefully added sites will increase the packet data coverage and packet data rates.  It is 
important to consider also that in dense urban areas there is a need to keep a balance between 
the number of sites and the pilot pollution/interference that they cause.  A dense cell grid requires 
downtilt and optimization for the efficient use of the investment. 

2.3.2 Traffic planning  

It is always important to know where the traffic intended for coverage is located when new sites 
are deployed and when network coverage improvements are introduced.  This is especially 
important in urban/suburban areas where traffic distribution between cells can be very uneven 
and vary vastly during the day.  This is nothing new for packet data, but for high speed data, at 
least initially, the data rate that can be offered to a subscriber will also be dependent on the 
amount of users sharing the cell resources.  How much this sharing of resources will affect the 
user performance depends on the type of scheduler algorithm that is used, but as always with 3G 
coverage, getting a certain data rate also becomes closely connected to the capacity. 
 
To improve packet data performance, all knowledge about the packet data traffic distribution and 
its location is valuable.  In general, packet data traffic is not necessarily found in the same 
geographical distribution/hotspot areas as traditionally Rel-99 services. Just as well, the traffic 
distribution during a 24 hour period can look very different for high speed data compared to 
speech.     
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Rate coverage improvements can be made by using the information from measurement programs 
and statistics to monitor traffic performance and location.  Most vendors supply counters and 
measurement programs that can be used for this purpose. 

Advanced cell planning tools are helpful in predicting packet data rate coverage.  To get higher 
accuracy for urban/suburban areas, it is important to add traffic patterns to these network 
planning tools when trying to achieve network improvements. It is also important to use high 
resolution maps and building databases.  Normally, building databases and high resolution maps 
are expensive, but in the case of high packet data rate planning, especially for dense 
urban/suburban areas, it can be worth the investment. 

If the packet data coverage/rate coverage is low due to high traffic in a cell, another option worth 
considering is offloading traffic to a second or third frequency. This can substantially improve 
performance.   

2.3.3 Network optimization  

Often when high speed packet data is introduced, very few changes are needed to the cell plan 
as long as the planning targets/requirements are moderate.  When traffic grows or when the 
decision is made that the data rates are not sufficient, the network optimization can be one part of 
improving the packet data coverage.  Several factors need to be revised in the network design, 
such as TX power, antenna patterns, pointing direction, beam width and tilt.   
 
The reason for flexibility in the choice of antenna, tilt and antenna direction is to best point the 
output power towards the intended cell coverage area, and at the same time, limit the 
interference to the other unintended areas/cells. 

As always with optimization, the first step would be to investigate the limiting factors.   

 Is it the uplink or the downlink that is not sufficient?  

 Is it coverage that is a problem or is it capacity in certain cells that causes the 
accessibility to go down?  

 Is it interference from own cell or other cell(s) that is the main problem?  

Sometimes drive testing is needed to establish the cause but in many cases analysis of statistics 
and measurement programs can give a good indication of the causes. Most vendors have a 
range on statistical counters implemented and different measurement programs to support the 
monitoring of the network.  The quality of the statistics and the measurement programs that 
monitors the packet data performance and cell load are often key tools for improving packet data 
performance in a live network. 

In general, the same principles apply to the network optimization for packet data services as for 
other 3G services:  

 Antenna type/antenna arrangements, tilt and antenna directions, TMA and feeder 

 Parameter settings 

 Increased output power for Node B’s 

If the uplink coverage is the problem it is recommended that the first thing to check is if all Node 
B’s have a tower mounted amplifier (TMA), which improves the uplink significantly. 
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The data performance in urban/suburban areas can often be improved by the downtilt and 
correction of the antenna direction.  This is a very common means of improving performance.  
How much improvement depends on the maturity of the cell plan when the optimization is started 
and needs to be estimated case by case.  In this area, Remote Electrical Tilt (RET) antennas 
make it possible to modify the tilt without having to manually access the antenna every time a 
change is needed, which facilitates the optimization process.  The impact of remote adjustable 
antennas is further discussed in section 3.8, which also includes more information about RET.   

In dense urban/suburban areas, Node B’s with very long feeders are not uncommon, since it can 
often be a problem to place the equipment close to the antenna.  An often forgotten method to 
improve coverage is to change the feeder type in Node B to a type that gives less loss.  In 
addition, tower mounted amplifiers (TMA) are another method to further improve the uplink.  
Remote radio heads are a solution that can be worth investigating where long feeders are 
needed, or at places where it is tricky to fit in a Node B. 
 
Due to the asymmetry of the traffic, the downlink is often the limited link for packet data services 
in today’s system.  However, considering the future of traffic data and looking at packet data 
evolution, there is a trend for more symmetric services, or rather, less asymmetric, which may 
change optimization requirements. 

Another way of raising the data rates/rate coverage for technology such as HSPA can be to 
introduce high power MCPAs (multiple carrier power amplifiers).  How the additional power is 
used, combined with the grade to which the system is interference-limited, will decide the impact 
on capacity and coverage.  In a strictly interference-limited scenario the capacity gains for 
continuous deployment will be low to moderate, but as a hotspot solution, significant gains can be 
seen.  In less interference-limited environments, the high power MCPA gives higher gains.  

When optimizing a network, the parameter settings can make a huge difference for performance.  
A tight grip should be kept on the network parameter settings in order to optimize them for best 
coverage and capacity.  It is crucial to identify which parameters need to be considered.  This 
selection will be vendor dependent, but in general, everything that concerns packet data delays, 
packet losses and retransmission should be paid close attention.  

2.3.4 Advanced receivers, antennas solutions, diversity and packet 
data coverage performance 

For high speed data, the multi-path environment in urban/suburban areas is a challenge for the 
packet data performance. The radio signals are reflected by buildings and obstacles which 
increase the self interference, which is the interference from own cell. High self interference in 
traditional RAKE receivers means lower packet data rates.  

Different types of advanced receivers will be very important for improving packet data rates 
and/or coverage challenging environments. The advanced receiver will be introduced in both the 
Node B and in the UEs, improving the performance in uplink and downlink.  There are different 
kinds of advanced receivers.  Some cancel self interference caused by multi-path environments.  
Others make use of dual antennas or other advanced antenna solutions, while a third method is 
the cancellation of interference from other cells.  A combination of solutions is also possible. 

For Rel-99, environments with multi-paths like urban/suburban areas have not been of severe 
concern.  However, with traditional RAKE receivers and the fast rate adapting services like 
HSPA, the multi-path environment will heavily impact the performance.  
Advanced receivers that reduce the negative impact of multi-path fading are introduced to solve 
this problem (see section 3.2).  

RX diversity for the Node Bs (the uplink) has existed for a long time, but now RX diversity in the 
UEs is becoming more and more interesting.  
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In addition, on the Node B antenna solution side, a number of things can be done to improve the 
packet data performance.  A very cost-efficient way to improve coverage can be to create higher 
antenna gains via increasing the number of sectors (higher order of sectorization) or by reducing 
the vertical beam.  This is expected to give approximately ~3dB improved antenna gain (see 
section 3.9 for more information). 

Further, for Node B, advanced antenna solutions -- so called "smart antennas" -- can be of great 
interest for improving packet data performance, both coverage and capacity.  Smart antennas 
with increased sectorization and/or fixed beamforming are further discussed in section 3.10. 

2.4 Challenges for rural coverage  

Many of the challenges and solutions discussed for urban/suburban areas will also apply for 
packet data coverage in rural areas.  Just as for urban/suburban areas, it is of course important to 
know where the subscribers are located so antennas and sites can be placed accordingly, 
although in this case, the traffic density is less per square kilometer and the geographical areas 
are larger to cover.  However, for rural areas, it might be less important to use high resolution 
maps, buildings databases and realistic traffic patterns in cell planning tools.  That is, the 
granularity in traffic positions is allowed to be less precise.  From a radio propagation perspective, 
the interference caused by multi-path propagation is often less severe. 

An additional challenge for high speed packet data service in rural environments comes from the 
large geographical areas that need to be covered.  Although the ratio of subscribers per square 
kilometer is lower in rural areas, the large geographical area creates a need for capacity solutions 
in the Node Bs.  The data rate for high speed data is often dependent on how much power is 
available for the service to use in the Node B, though this might differ between vendors. 

Cell radii in rural areas are traditionally several kilometers (km) and in extreme cases, up to as 
much as 150-200 km, compared to a typical cell radius of 250-800 meters (m) in urban/suburban 
areas.  If possible, re-use of existing sites is preferable due to high site costs in rural areas.  As 
site locations will be more dependent on coverage of geographical areas than capacity, improved 
coverage per Node B will make it possible to directly reduce the number of sites needed to cover 
a specific area.  In general, for rural areas, the packet data rate coverage will be more dominated 
by the link budget rather than the interference, meaning that improved link budget can be used to 
increase the packet data coverage.  

By reusing existing sites, e.g. GSM sites, operators can both reduce costs and the time it takes to 
roll out rural 3G coverage.  Depending on the deployment scenario and frequency bands, the 
potential difference in link budgets can often be handled. 

2.4.1 Improving the link budget to improve packet data rate coverage 
and/or extend the cell radius. 

Several methods can be employed to improve the link budget in rural areas; as described below: 

 Higher output power from Node B 

In environments less dominated by interference, like rural areas, increased output power 
from the Node B can be used to increase the packet data coverage, assumed that uplink 
is does not become the limiting factor.   

 Improving receive sensitivity at the base station 
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Operators can improve uplink receive sensitivity by employing four-way receive diversity 
techniques to combine signals from four antennas.  However, being a broad-spectrum 
technology, WCDMA already has a built-in element of diversity gain.  Therefore, the gain 
from four-way receive diversity is quite modest or only up to about 2.5dB.  This is 
different from GSM, where the gain from four-way receive diversity is as much as 4.5dB.  
Thus, in extremely rural areas, this technique has been used very successfully for 
deploying GSM coverage.  For deployments of rural WCDMA, however, four-way receive 
diversity has a number of drawbacks that make it less suitable, especially where capacity 
is also required. One major drawback can be the cost of additional radio base station 
(Node B) equipment, feeders and antennas.  In addition, it only offers improvement in the 
uplink, whereas in most cases, an equal improvement is required in the downlink. 

 Increasing the height of antennas 

Tall antenna towers are costly and might be perceived as having a negative aesthetic 
impact.  However, in extremely rural areas, such as desert environments and emerging 
markets, tall, low-cost, guyed towers can be used to efficiently reduce site costs and 
significantly improve coverage.   

Increasing the height from 30 m to 50 m can give an improvement of cell range of as 
much as 40% in open rural areas.   

 Deploying six-sector instead of traditional three-sector antenna configuration  

Currently, most cellular site antenna configurations rely on tri-directional antennas with 
120 degree separation.  These configurations are adequate for most typical applications, 
providing a good tradeoff between gain and capacity.  In semi-rural or suburban areas 
that combine large cells with high-capacity utilization, even higher gain can be achieved 
from six antenna sectors separated by only 60 degrees.  The additional 3dB gain from 
the smaller lobe antennas translates into up to 40% increase in coverage.  This, in turn, 
translates into a potential 30% reduction in number of sites. 

 Using high-gain antennas 

High gain antennas are now available with up to 23dBi gain; these antennas offer an 
improved cell range of up to 50% compared to 18dBi antennas. 

 Lower frequency bands 

Deploying high speed data on a lower frequency band is one way of extending the 
coverage.   In some markets, lower frequency bands are being made available for 
WCDMA, which also improves the link budget.   

These and some other methods are discussed in more detail in Chapter 3. 

2.5 Challenges for indoor coverage   

Providing good in-building coverage is an important factor in order to attract and retain mobile 
subscribers.  Normally, the Macro network is planned to provide good coverage inside buildings, 
but in some cases, this coverage needs to be complemented by dedicated in-building coverage 
systems.  As for any investment, it is important to consider the total business case when deciding 
for or against a dedicated in-building solution.  We will here look into the choices for providing in-
building coverage and will suggest a basic strategy for providing coverage in different indoor 
areas. 

2.5.1 Basics on Indoor Environment  

Indoor environment is characterized by the impact of building structures (walls, windows, etc.), 
which may cause between 10 and 20dB of additional attenuation to the transmitted signal.  
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Users expect good voice and data quality in any outdoor or indoor environment.  Once leaving 
the building, the terminal device of the end-user should connect seamlessly to the outdoor 
network in order to maintain the best user experience.  For the operator, it is necessary to 
decouple outdoor and in-building networks so they can be optimized independently through radio 
planning and specific RRM algorithms.  The idea is to keep indoor dominance as much as 
possible in order to avoid indoor users being connected to the Macro cell. 

In case several frequencies are available to the operator, one solution may be to use a dedicated 
frequency for indoor cells.  This would avoid not only the interference and capacity reduction 
because of indoor users, but also dominance issues between and indoor cell and neighboring 
Macro cell.  However, when the availability of additional frequencies is not possible, more 
complex co-frequency Macro and Pico cell design would be needed. Specific planning and 
enhanced RRM to configure the dominance of Pico and Macro cells would be required in these 
cases. 

Perhaps the most extended dedicated indoor solution currently used for broadband data is based 
on Wireless Local Area Networks (WLAN), which covers well the need for high data bandwidth 
requirement hotspots.  However, for WLAN type of networks like WiFi, there are limitations in 
terms of capacity, coverage and mobility that still give room for solutions based on 
WCDMA/HSDPA to be extended for better indoor coverage.  

2.5.2 Differing indoor environments 

Users in indoor environments have different needs depending on how they use the cellular 
services.  As the differing service profiles place different requirements on the infrastructure, it 
seems reasonable to divide indoor areas and users into roughly three groups: public, residential 
and business. 

Public areas provide public access.  Typical examples of these are shopping malls, train stations 
and subways. 

Residential areas often include single family houses or apartments, characterized by no public 
access and a homogenous group of mobile users. 

Business areas are office buildings or factories with no public access and a generally 
homogenous user group. 

2.5.3 Public areas 

For most of the users in public areas the Macro network will provide coverage.  Only in areas 
where coverage is nonexistent and deemed necessary will there be reasons to install dedicated 
in-building solutions. 

The decision to implement a dedicated in-building system will depend on whether there is enough 
traffic to provide a positive business case for the operator or not.  In some cases there can be 
also requirements from local authorities to provide coverage in certain important areas, such as 
train stations.  

Dedicated in-building solutions in public areas are often based on distributed antenna systems, 
either passive or active, and in many cases there are requirements specifying that the system 
should provide multi-operator and multi-service support. 
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2.5.4 Residential areas 

For residential areas, the main solution for providing indoor coverage is the Macro network.  If the 
requirement is to provide basic WCDMA coverage for residential users, this will clearly provide 
the most cost-efficient solution. 

However, if there are specific service requirements which must be fulfilled, there could be a need 
for deploying dedicated in-building coverage solutions.  Solutions could be based on either stand-
alone Node B solutions using small Node B, e.g. Femto or home Node B's, or on distributed 
antenna systems; for instance, in multi tenant buildings.  

One specific property of residential in-building solutions is that operators often want to limit the 
access to services to a specific group, such as the residents of a particular apartment complex.  
Therefore, in this case, services need to be barred for other users. These requirements will create 
demands both on the indoor solution itself and on the Macro network.  One example is the risk of 
creating white spots for public users when operating home base Node B on the same carriers as 
the Macro network. 

2.5.5 Business areas 

For business areas, the main solution for providing indoor coverage is the Macro network.  If the 
requirement is to provide basic WCDMA coverage for residential users, this will clearly provide 
the most cost-efficient solution. 

However, if there are specific service requirements which need to be fulfilled and the business 
case is considered positive, there could be a need for deploying dedicated in-building coverage 
solutions.  

Solutions could be based either on stand alone Node B solutions using small Node B’s, (e.g. Pico 
Node B), or by some kind of distributed antenna system.  

Specific requirements that may trigger the need for dedicated in-building solutions for a business 
segment are high capacity, differentiated services for company users, as well as other services 
like call forwarding, etc., which can be implemented using a VPN solution. Due to the often high-
capacity requirements, it is important to select the appropriate solution for each building within the 
now widely available range of 3G Node B’s. 

3 Solution Overview  
This section provides insight on coverage enhancement solutions, which may be used to improve 
RF coverage for 3G networks.   

3.1 Equipment Based Solutions 

3.1.1 Macro Node B, Micro Node B, Pico Node B, Femto Node B 

Different environments require a range of different Node B’s.  The requirements are of a shifting 
nature, ranging from deployment for nationwide coverage through indoor coverage in a specific 
building.  Different solutions need to exist for high-capacity areas such as mega sites, street sites, 
hotspot solutions and coverage fill-ins, as well as wide area and road coverage (see Figure 3.1A).  
The purpose of this section is to capture the strengths and weaknesses of various approaches.  
In some cases, cost drivers are identified as well.  This paper is not intended to compare costs, or 
even relative costs, of the various solutions.  Rather, the purpose is to explain the factors that will 
typically impact the cost of the solution, including equipment, deployment, and operational costs. 
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Figure 3.1A: Different environments require a high flexibility 

in Node B configurations. 

In addition to the requirements for these different environments, the possibility for site acquisition 
and regulations for antenna installations even further stresses the need for flexibility and a variety 
of solutions.  Maximum flexibility is required with regards to size and foot print, number of carriers, 
output power, frequency and antenna installations for the Macro, Micro and Pico Node B family.  
The Node B solution flexibility, together with the ability to put the right solution in the right place, 
are key factors to improving coverage and packet data performance in a cost efficient way.  There 
are pros and cons with all solutions, and the Macro, Micro or Pico Node B’s will give differing 
capacity and or coverage depending on how they are deployed. 

3.1.1.1 Macro Node B 

The main characteristics for a Macro Node B are high capacity and support for a large cell radius. 
The Macro is often deployed with a high capacity choice for urban/suburban environments where 
the population density is high.  For suburban/rural coverage areas, the Macro Node B is the 
option that can be configured to give the largest cell range, meaning that a few sites can cover 
large areas.  Even though the population density per square km is lower compared to urban 
areas, the geographical area to be covered is often larger creating a need for a high capacity 
solution even in this type of scenario. 
 
A traditional Macro Node B supports one to four carriers and up to six sectors but every vendor 
has its own set of Macro configurations and mega sites.  Most vendors offer a full size, mid, and 
mini form of the Macro Node B, in terms of size, antenna solutions and capacity.  The Macro 
Node B is often the vendors most expandable and flexible choice, in terms of size, power and 
capacity but also in frequencies.  The output power for a Macro depends on configuration but is 
often in the range of 20-60W.  With regards to coverage, the choice of frequency band can be 
important and the Macro Node B is often expandable to support a range of frequency bands.  
Almost all vendors support or plan to support the 850, 900, 1700/1800, 1900, 1700/2100, and 
2100 MHz frequency bands.  Some vendors are also looking into the 2600 MHz band in their 
roadmaps. 

Mega site, Street site 
Indoor Coverage 
Fill-In 

Wide area coverage 
nodes 

Wide area coverage 
and road coverage 
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The deployed cell radius varies significantly from area to area but traditionally the rural Macro 
Node B is deployed with site ranges that can be between 2 km and 30 km, even though it is 
possible to deploy much larger cell ranges in favorable environments.  
Generally, a traditional dense urban cell radius would be in the range of 100 m-1 km and a 
suburban cell radius in 500 m-3 km.  Note that these estimations are based on traditional site 
ranges, not maximal ranges, and large variations will exist.  
 
The Macro Node B is traditionally deployed with the antennas above the average obstacles (e.g. 
buildings) height.  The site density per square km will vary depending on the characteristics of the 
deployed area, but traditionally the Macro network is often planned to give indoor coverage in a 
majority of the buildings.  

The Macro Node B's support Rel-99 packet data services as well as HSDPA and HSUPA, and 
are delivered by most vendors.  Voice, video and packet data share the same hardware and 
frequency band. 

In 3G networks, especially in high capacity areas (hotspots), the Macro Node B is often deployed 
as a Micro cell.  The Micro cell deployment then implies that the antenna is placed in a low 
position, yielding a small cell radius (outdoor) and a very constrained coverage.  Using a Macro 
Node B deployed as a Micro creates an efficient hotspot solution with high capacity. 

Pros: 

 Provides good outdoor coverage and in most cases good indoor coverage  

 High grade of flexibility and expandability 

 Quick way for deploying nationwide coverage. Good coverage with low number of sites 
meaning fewer installations/ lower transmission cost, lower site costs. In many cases 
today, site and transmission costs can be predominant 

 Trunking gains give a flexibility in capacity 

 Suitable for deploying in rural, urban and suburban environments  

 Site antenna, power and transmission sharing with existing infrastructure, i.e. TDMA, 
CDMA and GSM 

 Common driver for a large distributed antenna systems (DAS) 

 High capacity hotspot solution when deployed as a micro cell  

Cons: 

 Site acquisitions for Macro installations 

 Size/ footprint/ floor space 

 Higher visibility for antenna arrangements, which in some areas can cause problems 

 Each Macro Node installation can be expensive  

3.1.1.2 Micro Node B 

The Micro Node B is a mid-sized alternative when it comes to capacity and output power. The 
Micro has higher capacity than a Pico Node B, but lower capacity than a Macro, and it is often 
deployed either as a hotspot solution or as a coverage filler.  The Micro is often used to create 
indoor coverage from outside, particularly in buildings where indoor systems are not preferred. 

The power classes for a Micro output power is traditionally in the range of 5W to 20W (often 5, 10 
and 20W options) compared to 20-60W for the Macro.  The number of carriers supported is often 
1-2.  This is of course vendor and configuration dependent.  
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The Micro Node Bs are often wall mounted or placed on a pole, and traditionally, the Micro cell is 
deployed with lower antennas, typically 4-10 meters above ground.  The propagation environment 
is more between buildings and obstacles than above the roof tops.  The Micro antennas are 
traditionally placed in outdoor environments, but the Micro Node B is also often used as a driver 
for fairly large DAS. 
  
Many Micros have traditionally been deployed in dense urban/suburban areas such as hotspot 
solutions, coverage filler or to enhance indoor coverage.  Additionally, the Micro Node B can 
create low to medium spot coverage in rural areas.  Typical cell radius for Node B is 100 m – 1 
km.   

When it comes to site acquisitions and regulations for antenna installations, the Micro has several 
big advantages compared to the Macro.  It requires no large antenna installations and so has low 
visual impact, is smaller and lighter, has reduced AC power consumption, and can be wall 
mounted.   

Most vendors offer or plan to manufacture Micro Node B products with support for the 850, 
1700/2100, 1900 and 2100 MHz bands.  The Micro Node B supports REL-99 packet data 
services as well as HSDPA and HSUPA and is delivered by most vendors. 

Pros:  

 Easier to find sites 

 Fast deployment 

 Gives good indoor coverage and capacity without being deployed  inside the building (as 
an indoor solution) 

 Cost efficient deployment due to low site costs 

 Capability of increasing system capacity with a limited interference contribution 

 Can be deployed on the same frequency as a Macro layer as long as the isolation is 
sufficient.     

Cons: 

 Lower capacity and output power than a Macro 

 Less flexibility and harder to expand than a Macro 

 Expensive solution for wide area coverage 

3.1.1.3 Pico Node B 

The Pico Node B is mainly deployed as an indoor solution and can easily be placed at airports, 
shopping centers, and other areas where open space with a lot of people exists.  Open office 
environments are also potential deployment areas.  

Significant for the Pico Node B is the low visibility and the easy deployment.  The Pico is small in 
volume (~5-15 liters) and with low weight (~4-10 kg) and it is often wall mounted, making it easier 
to deploy.  Its size and the low visibility make it easy to find indoor sites positions.  In addition, the 
power consumption is often low.  The Pico Node B can often be placed close to the traffic it is 
planned to cover and can offer high capacity for indoor hotspot areas. 

The Pico capacity is often one carrier, meaning support for one sector.  The Pico Node B output 
power is traditionally in the range of 100-300mW compared to the Macro 20-60W, the Micro 5-
20W and the Femto home base station 1-100 mW. 
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The cell radius for a Pico is traditionally ~10-200 meters but deployment with up to 500 meters is 
not uncommon. 

The Pico Node B support Rel-99 packet data services as well as HSDPA and HSUPA and is 
delivered by most vendors. 

With indoor/in-house installations, one drawback is that involvement from participants other than 
the operator/site installer is often needed to both prepare installations (electricity supply, 
transmissions, etc.) and maintain the installation.   

An additional drawback with this kind of small indoor solution is that to be efficient, it must be 
placed close to the traffic.  If the traffic pattern changes, the installation also needs to be moved 
(for example, if office spaces move). 

Pros:  

 Small and easy-to-find sites  

 Support for high traffic density in small hotspot indoor areas 

 Due to its size, it can often be placed close to the traffic it is aimed to cover.  

Cons: 

 Indoor installations require transmission and power supported by the “building owner” 

 Many nodes are needed for continuous coverage 

 Less flexible.  If traffic changes, the Pico must be moved (office space moves, Pico 
needs to be moved) 

3.1.1.4 Femto Node B 

The concept of a Femto Node B is somewhat different from that of the Pico Node B described 
above.  A Pico Node B is deployed primarily in office buildings.  The Femto Node B is targeted at 
smaller coverage areas, including residences, and is expected to be well-suited for the consumer 
market.   In both cases, the spectrum used is owned by the wireless operator, and any equipment 
which uses the operator’s licensed frequency bands must also be under the control and 
maintenance of the operator.  A Femto Node B can be installed by the network operator or 
possibly, in some cases, installed by the purchaser. 
 
Two main types of Femto Node Bs are currently being envisaged: an ‘enterprise’ unit, capable of 
perhaps two to four simultaneous voice users, and a ‘home’ unit, capable of one or two 
simultaneous voice users.  From a network operators’ perspective, the key attractions of the 
Femto approach are: 

 An ability to provide a DSL-like service to the home, thereby greatly increasing the 
potential market for the operator 

 An ability to offer additional coverage and/or capacity within their existing network without 
incurring infrastructure or site rental costs.  This is likely to involve third-party users (e.g. 
non-family members of the equipment purchaser) being billed in the usual way by the 
network operator. 

 
The capacity of a Femto Node B is usually one carrier, resulting in support for a single sector.  
The output power is typically in the range of 1-100mW.  The intended coverage range is similar to 
that of a WiFi router, i.e. tens of meters.  This is typically sufficient to provide service in the 
purchaser's home or, with a top end unit with higher power range, the purchaser's (small) 
business premises. 
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Unit setup is likely to be automatic, with communication between the Femto Node B and the core 
network being used to establish frequency, power level and other operating parameters, based 
on what the Femto unit can ‘see’ in its surrounding UMTS space.  In this way, the network 
operator will keep control of frequency planning/assignment and interference levels within his 
frequency allocation.  He would also, probably, reserve the right to shut down the unit (or disallow 
operation in the first place) if it was deemed to be causing undue interference through its use in 
an inappropriate location.  These planning aspects of Femto Node B systems are a potentially 
complex area and a key challenge in the widespread acceptance of this technology by network 
operators. 
 
Backhaul is also an issue, although most proponents of this technology advocate the use of IP 
backhaul via a DSL line, in the case of a consumer unit, or a leased-line or higher-speed DSL line 
for enterprise deployments. 

3.1.2 Distributed Fiber systems and DAS 

Distributed Antenna Systems are used to distribute communication signals from the Node B to 
remote locations.  These are useful to distribute signals from the base station to remote areas of 
office buildings, malls, stadiums and convention centers, as well as outdoor locations which 
require low profile equipment for zoning or leasing purposes.   

A distributed Antenna System, DAS, can be either passive or active.  

A passive DAS consists of a distribution network using coaxial cables, couplers and power 
splitters to distribute the RF signals to several antennas placed throughout the building.  One 
variant of a passive DAS is where radiating coaxial cables are used instead of discrete antennas.  
The choice to use discrete antennas or radiating cables depends on factors like the building 
structure and installation constraints. 

An active DAS most often uses optical distribution, with the RF signals coming from the Node B 
converted into optical signals by a local interface unit.  The optical signals are distributed through 
the building using optical cables to several optical remote units where the optical signals are 
converted back to RF signals.  Antennas or smaller coaxial distribution networks are connected to 
each remote unit to provide coverage on each floor.  

3.1.2.1 Passive DAS systems 

Compared to active DAS, passive DAS typically have the advantages of lower initial cost and 
higher reliability, but are limited in the scope of application to smaller venues.  Because of their 
passive nature, they tend to be easily adapted to multiple technologies and multiple bands; even 
so Passive IMD and finite bandwidth effects must be considered.     

It is foreseen that passive DAS will continue to be a significant part of cellular indoor infrastructure 
solutions. 

3.1.2.2 Radiating Cable 

A specific type of passive DAS is radiating cable, which is coaxial cable that has been modified to 
allow the RF signals it is carrying to be radiated along the length of the cable.  Precisely designed 
openings are created in the sides of the cable at predetermined points which then radiate the 
signal with an evenly distributed pattern.  This is popular in long narrow structures, such as 
tunnels, and is especially useful in providing a more uniform signal than is possible with a point 
radiator antenna system.  Another strength of radiating cable is that it is inherently multi-
technology and broadband in nature.  This solution protects the investment of the operator or 
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neutral-host by future-proofing the installation.  Since the radiating cable system is entirely 
passive, it is highly reliable as well.  
 
Earlier radiating cables have been considered to be a rather costly alternative but new production 
methods mean that prices are now in a similar price range as ordinary coaxial feeders.  Now, 
providing indoor coverage using radiating cable is therefore an interesting alternative compared 
to discrete antennas, even for ordinary buildings. 
 
Radiating cables are not as easily deployed in-building as fiber-fed or CAT-5 systems, given the 
relative increase in size of the cable compared to the other cable types. 

3.1.2.3 Advantages of using DAS for in-building solutions 

Compared to using stand-alone small base stations, the use of DAS is a more effective solution 
for providing in-building coverage.  

DAS systems provide trunking effects for radio interface and transmission; all radio channels are 
available instantly in all parts of the building, increasing spectrum efficiency and making it 
possible to cater to local traffic peaks.  

Only a single transmission line is needed for the Node B feeding a whole building, which makes 
for a high degree of transmission trunking. Added to this is a major decrease in the amount of 
overhead transmission normally transmitted to each separate Node B 

With a DAS solution it is easy to control and confine coverage within the building, and reduce 
interference to and from the Macro network, which increases overall network capacity.  

Passive or active DAS solutions are also ideal for multi-operator and multi-service systems 
including all kind of radio-based services such as trunked radio, cellular systems and WLAN up to 
2.5GHz. 

3.1.2.4 Active DAS solutions 

There are three basic architectures used for active DAS, and each has its strengths and areas of 
application.   
 
 
 
 
 
    

Figure 3.1B: Basic DAS Architecture 
 

As can be seen in Figure 3.1B above, for the forward link, the wireless signal is converted to 
optical and transported over fiber to the remote radio unit.  In the reverse link, the remote radio 
unit receives the wireless uplink signals and converts them to optical.  These are then transported 
optically to the main hub, which converts to RF again and injects the signals into the base station 
receiver.   
 
The three primary architectures in use today may be categorized as follows: 

1. Digitized RF on digital laser 

2. Digitized baseband (I & Q) on digital laser 
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3. Analog RF on analog laser 

 
Each of these basic architectures is described below, along with the basic tradeoffs for each of 
the architectures.   

3.1.2.4.1 DAS Architecture utilizing Digitized RF on Digital LASER 
 
 
 
 
 
 
 
 

Figure 3.1C: Digitized RF DAS Architecture 
 
For the digitized RF system, shown at a high level in Figure 3.1C above, the input RF signal is 
conditioned and digitized.  The resulting digital bit stream modulates a very fast digital laser, 
conveyed over single mode fiber; at the far end of the fiber, a receiver receives the signal and 
converts from optical to RF.  The digitized RF system must trade off between bandwidth and 
dynamic range.  Typically each A/D handles a maximum of 25 to 35 MHz of RF bandwidth.  
Parallel A/D systems can be used to handle larger bandwidths, but this increases the cost.  The 
typical A/D spectral conversion is ~20 MB/1 MHz.  The digitized RF systems have the strength of 
being able to regenerate the signal digitally allowing for longer distances between transmitter and 
receiver.  Also, signal delays can be inserted digitally.   Typical instantaneous dynamic range of 
the A/D is on the order of 70 dB.   These systems are more complicated than their analog 
counterparts, and will require a higher parts count with its implied thermal impact and MTBF 
reduction.  They are also inherently single band.   
 

3.1.2.4.2 DAS architecture based on Digitized Baseband (I&Q) on 
digital LASER 

 
 
 
 
 
 
 

Figure 3.1D: Digitized baseband over Digital LASER DAS Architecture 
 
A high level diagram for the Digitized Baseband (I&Q) over Digital laser is shown in Figure 
3.1D above.  With this design approach, the baseband signal is injected directly into the 
transmitter module.  The baseband processor unit in the transmitter then converts to I & Q and 
transmits the signal.  This may be over single-mode or multi-mode fiber, or CAT 5 cable 
depending upon the needs of the deployment.  This approach is simpler than the previously 
mentioned digitized RF system, and therefore requires fewer parts.  The spectral efficiency is 
greater since I&Q are transmitted over the cable rather than a sampled digital replica.  This 
approach is very similar to the remote radio head approach described in Section 3.6, except that 
the system performs the conversion to I&Q rather than receiving it directly from the Node B.   This 
architecture is, however, limited to a single technology. 
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3.1.2.4.3 DAS Architecture based on Analog RF on Analog LASER 
 

 
 

Figure 3.1E: Analog DAS Architecture 
 

The Analog Distributed Antenna System architecture is shown in Figure 3.1E above.  The 
basic approach to an analog Distributed Fiber distribution system is that the input RF signal is 
conditioned to remove unwanted signals and amplified to achieve the correct signal levels.  This 
signal then directly modulates an analog laser diode.  After being transmitted over the fiber 
system, the received optical signal is then converted directly to an RF signal which is amplified 
and transmitted by the remote radio unit. 
 
The strengths of analog DAS systems are that they are inherently broadband, since the lasers will 
typically handle 1 MHz to 3 GHz.  This provides an advantage over the digital units which require 
more RF-to-Digital conversion equipment for each new band, and in some cases for each new 
RF carrier signal.  RF-to-Optical conversion efficiency is highest for analog DAS, since the 
approach converts 1 MHz optical to 1 MHz for RF directly.   Filtering is performed directly at RF.  
Inserting delays in the path is more difficult than with the digital approaches, and can be 
accomplished within the fiber system. The instantaneous dynamic range is 90+ dB.  This simple 
approach means fewer parts, and therefore, higher reliability and lower cost.  Users in a single 
band usually share a common amplifier. 

3.1.2.5 DAS architecture comparisons 
 
The relative strengths of the three basic approaches are summarized in Table 3.1A. 
 
Parameter Digital RF Digital IF Analog RF Passive DAS 
Spectral Efficiency Low Medium High Best - Does not 

require 
conversion 

Multi-band 
Capability 

With Parallel 
A/D 

Single Technology Always Best  

MTBF Low Medium High Best 
Delay Variability Practically 

unlimited 
Practically 
unlimited 

Accomplished 
in fiber links 

No problem 
with in-building 
installations, 
creates issue 
for long delay 
compensating 
cable lengths 

Multi RF Tech. 
Capable 

Yes, careful of 
dynamic range 

No Yes, high IDR 
is advantage 

Best  

Power Dissipation High  Medium Low Best 
Filtering Analog & 

Digital 
Analog & Digital Analog Normally extra 

filtering not 
required 

Wireless 
RF 
Signal 

Transmitter Receiver 

SMF Fiber 
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Parameter Digital RF Digital IF Analog RF Passive DAS 
Signal Integrity Good Very good Good Best 
Typical applications Multi-band, 

Multi-user 
Single operator 
(Node B remoting) 

Multi-band, 
Multi-user 

Multi-band, 
multi-user; 
coverage 
limited by RF 
losses and 
number of 
antennas. 

Table 3.1A: DAS Architecture relative comparisons 

3.1.3 Neutral host 
Neutral hosts are organizations which own sites, often in tightly regulated areas, and offer to 
‘host’ an operator’s service, for a fee.  They grant space to an operator’s Node B equipment and 
provision and maintain the distribution and antenna systems for its signals.  They also, however, 
do the same for the operator’s direct competitors, hence eroding competitive advantage in terms 
of coverage and quality of service.  In many cases, the operators have no choice but to use a 
neutral host, if they wish to offer coverage in a particular area, such as an airport, shopping mall 
or historic city center, since the neutral host may well have negotiated an exclusive deal with the 
building owner or metropolitan authority.  In other cases, they offer the service as a faster and 
lower cost method of providing coverage, particularly for a new entrant to a particular geographic 
market.  Site acquisition is a lengthy and costly business: the ability to deploy a service quickly 
and painlessly, with known (guaranteed) coverage is an attractive proposition. 

In some cases, neutral hosts already provide complete shared-equipment services for long-
standing customers (e.g. terrestrial TV broadcasters or public safety organizations). Moving into 
cellular is therefore a logical extension of an existing business model.  The difference with 
broadcast services, however, is that they don’t, typically, compete on coverage, but on the quality 
of the content they provide.  This could be a view of the future in the telecoms industry - 
competition on coverage and service quality being replaced by competition based upon content 
and services.  Certainly the broadband capabilities of 3G and, in the future, possibly also WiMAX, 
enable this to happen in a way not possible with GSM.  Some would argue this is already 
happening. 

3.1.4 Intelligent repeaters 

Repeaters are devices which receive RF signals, amplify and retransmit them to extend the 
coverage of the desired signal.  This boosting function occurs in both the uplink and downlink 
directions in order to maintain link symmetry.  Repeaters also enable the precision control of 
interference by enabling focused coverage design.  While repeaters are not typically thought of as 
capacity improving solutions, they do serve to reduce interference which translates into capacity 
enhancement in spread spectrum systems.   
 
Repeaters have evolved over the years since cellular first began in 1984.  Early repeaters were 
simpler in their design and typically provided a brute force amplification function in both 
directions.   This approach created hazards in the network due to output-to-input isolation 
challenges, and also, poorly designed products were not reliable and in many cases were not 
designed with good maintenance and administrative capabilities.   

High power repeaters often improve the indoor data performance, both coverage and capacity, 
but care needs to be taken regarding how they are deployed.  The RF repeaters are often 
connected to a donor cell in the Macro layer via a directional radio link.  Field trials and 
simulations have shown that the additional interference generated by repeaters may desensitize 
the donor cell, and reduce uplink capacity and coverage.  [12] [13] However, some repeater 
vendors have built-in features to avoid/control the UL impact. 
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Important terms when looking into repeaters include the isolation, the gain margin, and the 
repeater gain. 
 
The isolation is best understood by visualizing a configuration where a portion of the output signal 
is received and re-amplified, resulting in an unstable feedback condition.  This is typically 
addressed by maintaining a gain margin of 15-20 dB, where gain margin is defined as:  
 

Gain Margin = Repeater Gain – Isolation. 
 
While effective, this approach is difficult to deploy, and is sensitive to environmental changes.  
Great care must be taken to carefully orient antennas and tune the maximum gain of the repeater 
to meet the existing conditions.  The isolation challenges were also addressed with frequency 
translating repeaters also referred to as F1:F2 repeaters.  These products, while solving the 
input-output isolation problem, work counterproductively to spectrum efficiency in that they tie up 
an additional channel bandwidth to perform their necessary function.  Because they consume 
effective capacity rather than help to provide more capacity, these repeaters are seen as less 
favorable.   
 
Repeaters also incorporate diversity on the uplink, thus providing improved overall performance 
in both links.   
 
The current generation of repeaters is designed with automatic interference cancellation (IC) built 
in.  This is accomplished by using state of the art feedback techniques to cancel undesired 
signals encountered at the input to the repeater, including the output signal of the same repeater, 
as seen in the figure below.  Typical IC repeaters have 25+ dB of interference cancellation in 
operation.  The interference cancellation not only improves the performance of the repeater, but 
also greatly reduces the complexity of deployment by simplifying the optimization process.   
Whereas with earlier generations of repeaters it was necessary to carefully orient the repeaters 
antennas in order to achieve the necessary isolation, the process is significantly simpler with IC 
repeaters.   In practice, the donor antenna pointed at the cell providing the signal can be pointed 
in the same direction as the re-radiating antennas.  This enables the operator to be less 
concerned about precisely configuring antennas in order to achieve the necessary isolation 
between input and output.    
 
In order to understand the value and usability of a repeater, one must have a means of 
comparing the integrity of the signals it transmits.  In WCDMA, Error Vector magnitude (EVM) is 
used as a measure of the signal integrity.  Tests were conducted to measure and compare the 
EVM of the output signals of repeaters with and without IC.  A conventional repeater is emulated 
by turning off the interference cancellation functionality of the repeater.  Gain margin was varied 
and the resulting EVM was measured and tabulated.  
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Gain 
Margin 

(dB)

Gain 
Margin 
(Linear)

EVM 
(Ideal)

Node-M 
EVM with 

ICE Disable 
(Measured)

Node-M 
EVM with 

ICE 
Enabled 

(Measured)
40 100.0 1.0% 4.7% 7.7%
30 31.6 3.2% 5.5% 7.7%
20 10.0 10.0% 11.8% 7.7%
15 5.6 17.8% 17.7% 7.7%
10 3.2 31.6% 32.9% 6.7%
0 1.0 100.0% 100.0% 7.0%

-10 1.0 100.0% 100.0% 7.0%
-20 1.0 100.0% 100.0% 7.2%
-30 1.0 100.0% 100.0% 8.3%  

Table 3.1B EVM Performance 
 
As can be seen in Table 3.1B above, interference cancellation significantly improved the quality 
of the output signal, even under severely adverse gain margin conditions, outperforming the 
conventional, non-IC configuration by over 40 dB. 
  
A basic comparison and list of tradeoffs for repeaters is shared in the table below. 
 
Parameter Conventional Repeater IC Repeater 
Gain Margin 15 dB -20 dB  
Deployment Challenged by careful antenna 

placement or spectrum use 
Very simple and highly stable 

Application Typical indoor coverage where 
building attenuation helps gain 
margin.  May be used 
outdoors with care 

Typical outdoor coverage 
improvement as part of Macro 
network 

Setup parameters Use maximum gain Set up based on output power 
Capacity Impact Draws from Macro network 

capacity 
Uses Macro network capacity, 
can improve interference-
based capacity limits  through 
RF shaping 

Table 3.1C Repeater comparisons 
 

3.1.5 Remote radio heads 

The concept of a remote radio head based architecture is to split a conventional base-station at 
the baseband-RF interface and to deploy the RF section remotely from the main Node B cabinet, 
typically at the masthead close to (or as a part of) the antenna.  This is illustrated in 13.  The 
baseband-RF interface is now standardized for most OEMs in the shape of either the CPRI [14] 
or OBSAI [15] specifications. 
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Figure 3.1F:  Conventional (a) and remote radio head (b) based Node B solutions 

Remote radio heads have many advantages over conventional Node B deployment scenarios, 
including the following and other similar benefits:   

 Lower power PA requirement, due to the elimination of coax cable losses 

 Lower OPEX (electricity) costs, for the same reason 

 Lower CAPEX cost, theoretically, due to the reduction in expensive RF silicon 
requirements (see explanation below). 



 
 

25

 Lighter weight on the mast, due to the replacement of copper with optical fiber (see 
explanation below). 

 Less footprint at the site reducing the site rent and the need for site cooling (OPEX) 

 Allows bigger distances between the Node B cabinet and the RRH, and also makes it 
possible to use dark fiber from a fiber provider. 

These benefits have led to RF heads being viewed as the obvious candidate solution for the next 
generation of Node B deployments and this Node B architecture is being pursued with varying 
degrees of enthusiasm by the major Node B OEMs.  As a network architecture, it does have 
much to commend it; however, it also incorporates a number of less obvious issues which have 
so far curtailed significantly the number of RF head deployments to date (particularly in Europe 
and the US). 

First, we examine the question of weight.  While it is true that a tower-mounted RF head will 
typically have a lower mass than the coax it is indirectly replacing, this mass is now concentrated 
in a small area close to the top of the mast.  Almost all masts in current use were not designed for 
such a concentrated load and its attendant pendulum effect in strong winds.  The mass involved 
is also significantly greater than might be imagined, as the RF head must employ convection-
cooling (no fans, hence a much bigger heatsink) and also be housed in a ruggedized outdoor 
case, with a solar shroud. 

Moving on to OPEX costs.  Again, this is not as clear-cut an issue as it appears.  While it is true 
that the electricity consumption cost should reduce, OPEX costs also include maintenance and 
loss of revenue during site downtime.  It is these latter categories which are an issue with RF 
heads. 

If a conventional, cabinet-mounted, transceiver should fail, replacement is relatively 
straightforward.  It requires an RF cell site technician, and can take place at almost any time, day 
or night, and in almost any weather conditions (baring floods and deep snow, perhaps).  In the 
case of an RF head located at the top of a tower, a rigger is required to replace the unit; riggers 
are not only very expensive people, they are also only able to work in reasonable weather 
conditions and typically only in daylight.  A failure in poor weather or at night could therefore 
result in many hours or even days without service -- this will result in a loss of revenue equal to 
many times the electricity cost saving and probably many times the capital cost of the RF head 
unit (thereby wiping out the CAPEX saving, if any, for that unit and many others within the 
network). 

It is these reasons, primarily, which have led to an effective embargo on the deployment of RF 
heads by most operators at most traditional Node B sites in Europe and the US. 

In Asia-Pacific, the situation is potentially a little different, due to the greater population density in 
many cities in that region, the more relaxed attitude toward health and safety issues, and the 
lower cost of personnel.  RF heads are therefore beginning to make significant in-roads into the 
Asian market and this trend will eventually find its way to Europe and finally to the US. 

3.2  Advanced receivers and interference cancellation  

There are many ways to enhance performance in terms of data throughput and coverage with 
advanced receiver structures.  Most enhancements are based on more advanced receiver 
algorithms and are thus implemented as software in the baseband processing.  Other 
enhancements require more “hardware” in terms of antennas and RF components, e.g. receiver 
antenna diversity and beamforming techniques.  Advanced receivers are possible both for base 
stations and mobile devices (UEs).  The default receiver for CDMA is the RAKE receiver. 
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For the single receiver, the enhancement is manifested in a decrease in the signal-to-noise ratio 
(Eb/N0) for a specific quality of service.  The improved receiver performance enables improved 
quality of service in terms of coverage and end user data rates.  If a large number of the user 
devices have receiver enhancements, it will lead to improved system performance in terms of 
system-wide data throughput.  

The 3G standards developed in 3GPP define performance requirements for three types of 
advanced receivers, but do not specify or mandate the receiver implementation to be used to 
meet those requirements; instead, there are multiple “types” of requirements defined, each based 
on a different baseline receiver.  Thus, there is full freedom for vendors to use any 
implementation.   

The UE vendor declares to which type of requirements the UE conforms.  There are three types 
of enhanced receiver performance requirements defined in [TS25101].  Each type of requirement 
is optional, and only the default requirements are mandatory. 

 Type 1: Receiver with antenna diversity. 
Receiver diversity usually means two antennas at the UE, but as explained above the 
exact implementation is not in any way mandated.  A second antenna can be integral or 
external to the device.  Placement of two antennas on or inside a UE can often not be 
made in an equal fashion, leading to gain imbalance between the antennas paths.  Even 
with such an imbalance, the gain with antenna diversity can still be substantial, especially 
in an interference limited scenario. 

 Type 2: Chip equalizer receiver structure/G-RAKE. 
Another way to improve downlink throughput for HSPDA in general, and for higher order 
modulation specifically, is to introduce more advanced receivers in the UE.  In highly 
dispersive radio environments, the main factor limiting performance is self-interference 
from multi-path propagation. 

 Type 3: Combined Type 1 and Type 2. 
Combining an advanced receiver such as G-RAKE with receive antenna diversity gives 
possibilities of further performance gains over the whole cell.  The rationale for 
introducing combined advanced receivers and antenna diversity in the 3GPP standards 
have been the need for high performance of high-end UEs to efficiently utilize the 
supported high data rates. 

In addition to the methods described above, further improvements in performance would be 
useful for cases where other cell interference dominates.  Such improvements could be based on 
cancellation or rejection of other-cell interference. 

UEs with RX antenna diversity (3GPP advanced receivers Type 1 - see also section 3.2) are 
expected to improve the link budget somewhere in the range of approximately 1-5 dB on system 
level for the initial deployment.  The size of the gain will vary with the actual implementation and 
antennas used (grade of antenna correlation and combining algorithms) but also on the actual 
environment.  High dispersive environments will give less gain than low dispersive environments.  
The packet data coverage and/or data rates will improve for the UE's with RX diversity.  However, 
UE penetration needs to be high for including the UE RX diversity gain in planning criteria for the 
network.  

It is important to note is that the Type 2 receivers do not give a substantial improvement of 
performance at the cell border, where interference from other cells is more dominating. What they 
do is to increase the availability of high packet data rate over the cell area. Introduction of UE Rx 
diversity in Type 1 will also improve the cell border performance, making Type 3 receivers with 
both chip equalizers/G-RAKEs and UE RX diversity a major players when it comes to both 
improving coverage and capacity for high speed packet data service. 
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Interference cancellation techniques have been studied for a long time.  One example where 
substantial gain was shown is the demonstration of parallel interference cancellation in a live 
WCDMA system, indicating up to 40% multi-cell uplink capacity gain.  Implementing interference 
cancellation for the downlink is different, however, since the algorithms need to be implemented 
in each UE that is to benefit from the cancellation.  The complexity of the algorithm will be of 
higher importance than for an uplink scheme implemented in a base station. 

For a UE, the single-branch advanced receivers (Type 2) already cancel some of the own-cell 
interference by accounting for the correlation of the interference in the receiver process.  By also 
accounting for the correlation of other-cell interference, receivers with a G-RAKE or a chip level 
equalizer can achieve some suppression of other cell interference.  

With two receive antennas in a UE there are more possibilities to cancel interference.  The 
antenna weights can be selected to strongly mitigate a single interfering other-cell base station 
signal.  This is also called spatio-temporal equalization. 

To achieve higher suppression of other cell interfering signals, projection based methods can be 
used.  Explicit demodulation of interferers is very complex and may not be suitable for UEs.  Both 
methods give some loss of power and orthogonality of the signal and also rely on a single 
interfering base station as the dominant interferer, which is the case in approximately 30% of the 
cell in a multi-cell layout. 

In addition to interference cancellation and equalizers, 3GPP has also included in Rel-7 an 
implementation of MIMO receivers, with array antennas of 2x2.  MIMO, or Multiple Input - Multiple 
Output systems, use Spatial Multiplexing and Spatial Diversity by combining transmission 
and reception through antenna arrays in order to improve the peak data rates and spectral 
efficiency of the system.  

3.3 Antenna based solutions 

3.3.1 Remotely adjustable antennas 
Wireless coverage is controlled by a number of factors, including TX power and antenna patterns, 
pointing direction, beamwidth and tilt.  Adjusting the antenna parameters remotely allows the RF 
coverage to be shaped to the need and desire of the operator, to control interference and balance 
the traffic load across sectors.   
 
There are a number of critical pattern considerations that are controlled by the selected antenna 
that are of importance to the quality and performance of 3G networks.  

One key parameter is the reduction of unwanted power outside of the sector covered, or the 
sector power ratio.  The sector power ratio is simply the comparison of power contained inside 
the sector desired relative to the power outside the sector.  To achieve a better sector power 
ratio, the antenna is optimized in the azimuth plane to achieve faster roll off and reduce sector to 
sector overlap.  The use of external antenna reflectors or larger antenna reflectors provides some 
advantages in achieving better roll off.  In addition, some antenna dipole technology, using hybrid 
technologies from log periodic, yagi and standard dipoles, provides excellent results in terms of 
faster roll-off, better cross pol ratio, and total power front-to-back ratio. 



 
 

28

Large overlay areas (imperfect sectorization)...
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Figure 3.3A: Sector Power Ratio 

 
There are three dimensions of antenna beam control which can aid the network optimization 
process.   The first and most common dimension is in the elevation plane.   
 
 

Sidelobe Level
(-20 dB)

   
   Figure 3.3B: Antenna sidelobe levels 
 
Adjusting the elevation beam provides the network engineer with the following key benefits. 
 

 Moving the peak of the main beam below the horizon provides more intense RF coverage 
in the regions close to the cell site and may be of particular use in topologies that would 
other wise have shadows in the coverage area. 

 In areas with multiple cell sites, it is sometimes beneficial to downtilt the main beam to 
reduce interference from one cell site to the next.  In addition, 3G systems benefit in the 
reduction of softer soft handoffs as the overlap in patterns are reduced. 
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Traditional antenna tilt has been accomplished using mechanical downtilting brackets or 
antennas whose RF characteristics have been optimized to provide a fixed degree of beamtilting.  
The use of mechanical downtilting to achieve optimization is somewhat limited in higher 
frequency air interface applications such as 1900MHz, where the typical antennas deployed have 
a narrow elevation beamwidth of 6-8°.  Studies have shown that mechanical downtilting antennas 
beyond ½ the elevation beam tilt can cause somewhat unpredictable distortions of the azimuth 
plane which may cause unintended interference or coverage holes.  Electrical tilting of the 
elevation beam produces a predictable and symmetrical attenuation of gain in all directions. 
 
Remote Electrical Tilt (RET) antennas, on which the tilt can be changed remotely, are readily 
available from most antenna suppliers today.  The remote tilt capability enables coverage 
management through remote control of the tilt angle of the antenna.  This gives the carrier the 
ability to also reduce operating expenses by avoiding tower climbs for pattern adjustments. 
 
While this OPEX saving in and of itself is evident, the primary benefit of RET antenna systems is 
in the optimization process.   Optimization is a necessary element of network deployment.  Even 
with the most sophisticated and updated tools, the ability of the planning software to accurately 
predict the real life environment is limited.  Drive testing and adjusting are required to achieve the 
desired results. 
 
Typically, it may take weeks or even months for standard antenna deployments to achieve a full 
cluster optimization.  In addition, most optimization software programs provide the user with a 
“cost/benefit” analysis, indicating the level of possible improvement that can be achieved versus 
the cost to implement.  The investment in RET technology allows the network optimization 
engineers to fully engage in optimization processes on a continuing basis with much smaller 
costs to implement. 
 
To facilitate the need for such network agility, RET antennas can be controlled via network control 
software to achieve various levels of automation and management.   RET antennas may be 
controlled via IP facilitated controllers located in the Node B and linked to a NOC or other control 
point via Ethernet or other IP-based technology.  Further enhancements that can be achieved via 
integrated network control include the use of pre- programmed scheduled tilt adjustments (in 
anticipation of heavy traffic changes), real time reporting of tilt adjustments and much more 
accurate and reliable database management regarding the antenna types deployed, their 
location, and their most recent beam tilt settings. 
  
In addition to elevation beam tilting, additional optimization of 3G systems can be achieved by 
adjusting the exact boresite pointing direction of the sector antennas to further reduce site-to-site 
interference or to “point” the main beam into its needed coverage more effectively.  This is 
primarily done today by mechanically climbing the tower; however, antennas are available with 
integrated actuators to achieve boresite correcting via remote access. 
 
The third degree of RF freedom in base station antennas may be in facilitating the scanning of the 
azimuth plane from nominal 35° to nominal 105° electrically.  This capability will allow high traffic 
core sites to achieve more effective load balancing by moving the more dense traffic onto 
narrower and more precise 35-50° azimuths while fanning out the other sectors to wider beams to 
assure continuous coverage. 
 
The combination of application of these three degrees of freedom in RF pattern containment, in 
combination with remote controllable hardware and enhanced user friendly software, may provide 
users with an additional 25-50% capacity effectiveness with relatively minimum investment 
compared to the investments required for additional BTS installations or the use of so called 
smart antenna systems (digital beamforming).  Even more critically, by increasing the flexibility of 
the antenna system to “adapt” to a changing RF or topographical environment, it is becoming 
increasingly possible to implement a truly agile network. 
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3.3.2 Smart Antennas and Diversity 

A smart antenna system used in cellular networks consists of three main functional blocks: 
Antenna arrays, Intelligent signal processors and Normal base station function, as shown below. 

Antenna 
Array 

Intelligent 
Signal 

Processor 

Normal  
Base Station 

Function 

 

Figure 3.3C: Antenna Block Diagram 

Depending on the implementation, the intelligent signal processor could be a part of a base 
station (so-called embedded solution) or an external box attached to a traditional base station 
(so-called appliqué solution). 

The basic principle of a smart antenna system is the utilization of an array of antennas, the input 
of which is processed in order to provide a specific radiation pattern.  The effect is obtained by 
multiplying the signals at the different antenna branches with complex weight factors before they 
are transmitted, or before the received signals are summed. This setup can be seen as a spatial 
filter, where the signals at the different antenna branches represent spatial samples of the radio 
channel, and the complex weight factors are filter coefficients.  The set of complex weight factors 
(also known as weight vectors) can be different for each user.  The users can also be grouped 
spatially, and the filter coefficients associated with a particular spatial group assigned accordingly.  
The procedure to control the antenna array to generate an interested antenna pattern is called 
beamforming, and is accomplished by the Intelligent Signal Processor as shown.  As in any other 
base station, the base station with a smart antenna is also designed to support diversity.  
Therefore, the main gains of a smart antenna are: 

 Interference Rejection: An adaptive antenna pattern can be designed to point to a user 
specifically to reduce the interference from co channel sources which are not at the same 
direction as the user, consequently, to improve the SIR of the received signals.  This 
interference reduction can help to reduce cluster size and improve capacity. 

 Spatial and Polarization Diversity: The information from different arrays or elements is 
used to minimize fading and other multi-path propagation effects. This multi-path 
rejection effect can reduce the effective delay spread of the channel, allowing higher bit 
rates. 

This section's focus is antenna array systems located in Node B (the embedded solution).  Such 
elements can be designed to operate in one of two distinct modes: diversity or beamforming.  

In addition, smart antennas on UE may be also used to obtain additional coverage gains. [5] [6] 
[7] [8] 



 
 

31

3.3.2.1 Diversity combining techniques 

Increasing the diversity in either the receive signal or the transmit signal can improve the signal-
to-noise ratio (SNR) and reduce the likelihood of deep fades, provided that there is statistical 
independence between the signals at the antenna elements.  To warrant such statistical 
independence, the cross-polarization arrangement of antenna elements or multiple antenna 
arrays should used.  The diversity technology can be applied to either the uplink and/or the 
downlink of the base station, called Receiver (Rx) Diversity and Transmitter (TX) Diversity, 
respectively. 

3.3.2.1.1 RX Diversity 

In the uplink direction, inputs from multiple antennas are combined coherently (in-phase 
combining) by adjusting the complex coefficients so that the received signal to noise ratio after 
the combining is maximized.  The combining algorithm is also Maximum Ratio Combing (MRC).  
The in-phase combining of Rx signals increase the overall Rx power while the level of the overall 
interferences and noise is reduced due to the average effect of the randomness of those 
unwanted signals.  This allows for a reduction of Rx signal strength needs under a given C/I 
requirement.  Rx diversity also reduces the signal fading rate after the combining, consequently 
reducing the fluctuation of the terminals' TX power and prolonging their battery life.  Since the Rx 
sensitivity of the Node B is improved, Rx diversity can extend the cell uplink coverage. 

3.3.2.1.2 TX Diversity 

On the downlink, diversity combining gain can be realized by transmitting via a diversity antenna 
or array with feedback from the UE.  This is called closed-loop TX diversity, which can be realized 
on traffic channels only.  The UE provides a phase difference between transmit antennas based 
upon phase difference measurements of a primary and a diversity pilot.  The transmit signals 
phase is weighted by the respective channels and then combined over the air.  Different from Rx 
diversity, it is impossible to guarantee the two transmitted signals arrive and stay in-phase at the 
UE antenna, i.e. coherent combining over the air.  Therefore, TX diversity is less effective than 
RX diversity gain.  TX diversity gain results in a reduction in required transmit power per call on 
the UTRAN side.   This can reduce Node B costs, by reducing amplifier requirements, power 
consumption, and providing higher reliability to the transmission signal. 

3.3.2.2 Beamforming techniques 

These techniques can be applied when there is coherence between the signals at the antenna 
elements, so a narrow beam can be created toward the desired user.  Such schemes are known 
to provide beamforming gain and can provide an average spatial interference suppression gain, 
which depends on the effective beamwidth and sidelobe level, assuming a scenario with a large 
number of users compared to the number of antenna elements.  There are two main 
beamforming modes for the downlink of UMTS within one logical cell: user-specific and fixed.  [1] 
[2] [3] [4]  

3.3.2.2.1 User-specific beamforming  

User-specific beamforming allows generation of individual beams to each UE.  This can reduce 
the average power required to support a particular user, improve the interference level in the cell, 
and increase overall capacity.  However, a main drawback is that it cannot be used in all 
channels.  Broadcast channels can not be beamformed on a per-user basis as their coverage 
must match that of the primary common pilot (P-CPICH), which must be seen by all UE’s in the 
coverage.  The UE receiving signals that are subject to user-specific beamforming is therefore 
informed, via higher layer protocols, to use dedicated pilot symbols or a set of secondary 
common pilots (S-CPICH), or suffer from the degradation in performance that can occur with the 
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use of the P-CPICH.  Note that this degradation can be limited so that the beamformer will always 
provide some gain as long as there is limited angle dispersion in the environment.  Some 
limitations related to SHO also exist, since reception from two beams would require the capability 
to receive an additional S-CPICH, which is not allowed in the UMTS specifications. 

In addition, for some channels like HS-DSCH or HS-PDSCH, the UE is required to use only the 
P-CPICH as a phase reference, which will limit the beamforming possibilities for HSDPA.  
 
 

 
Figure 3.3C: User-specific beamforming 

 

3.3.2.2.2 Fixed beamforming and increased sectorization 

Fixed beamforming techniques refer to the case where a finite set of beams are synthesized at 
the Node B, so that multiple UEs may receive signals transmitted under the same beam.  Even 
though this beamforming mode is referred to as fixed, the complex weight factors used to 
synthesize the beams may be varied over time to facilitate a slow adaptation of the directional 
beams.  Each beam is associated with a unique secondary common pilot channel (S-CPICH) that 
the UEs are informed to use for phase reference via higher-layer protocols.  Beams may share 
the same scrambling code, but several different codes can be used in the same cell. 

Increased sectorization is a special case of fixed beamforming, where the fixed beams are used 
to increase the number of sectors in one site.  This implies that each beam is transmitted under a 
unique primary scrambling code.  In addition, each beam will have its own P-CPICH, BCH, PCH, 
and so on. 
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 (a) 

 

 

(b) 

Figure 3.3D: Generic Fixed Beamforming (a) 
Sectorizaton Fixed Beamforming (18 sector site) (b) 

 
The application of higher-order sectorization with beamforming enables a smooth migration path 
for increasing the degree of sectorization of existing three-sector sites in the network without 
changing the equivalent coverage area of each Node B.  This technique is also referred to as 
spatial division multiple access (SDMA).  SDMA gains are particularly valued in a packet data 
system over pure beamforming alone as the spectral efficiency of the system then grows as the 
number of beams that can be simultaneously scheduled.  For users which are spatially distinct, 
the gains can be significant. 

However, it is important to note that application of beamforming affects not only the physical layer 
of cellular systems, but also higher layers' need to adapt, and especially the RRM algorithms 
such as beam switching, admission control, and packet scheduling.  
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In order to implement this solution, specific beamforming measurements are needed in order to 
adapt RRM algorithms and provide more accurate information.  3GPP Rel-5 standards already 
has included some signaling messages from the Node-B to the RNC per “cell portion” through 
Iub, to support this feature and allow inter-vendor coordination, for example: Received total 
wideband power, Transmitted carrier power, SIR per cell portion (The 4 highest SIR values are 
reported to the RNC).  

Table 3.3A below shows comparison between pure Fixed Beamforming and Increased 
Sectorization solutions: 

Table 3.3A: Comparison Fixed Beamforming vs. Increased Sectorization 

3.3.2.3 Performance and Practical Considerations 

Theoretically, beamforming systems promise high capacity enhancement potential, but practical 
effects reduce realizable gain in operational systems.  Best gains are expected in Macro cellular 
environments with Node B antenna above the rooftop level in propagation environments which 
have limited azimuthal dispersion.  

User-specific beamforming is problematic with lower BTS antenna heights with relatively benign 
RF environments.  Other capacity features such as fixed beamforming, increased sectorization or 
using second WCDMA carrier can be more robust, cost-effective and feasible for different 
operation environments (i.e. Micro cells in dense urban environments). 

In the case of HSDPA, beamforming coupled with SDMA techniques can provide a significant 
gain over single antenna transmission: 

 Increased Sectorization Fixed Beamforming 

Beam Transmission Common and dedicated 
Channels Only dedicated channels 

Phase Reference P-CPICH S-CPICH 

Handover(HO) Soft handover between sectors 
Soft handover between 
sectors, but hard handover 
between beams 

Scrambling Codes Different scrambling code per 
each sector beam 

Several beams can share one 
scrambling code 

Isolation  in Antenna pattern High isolation improves the 
performance 

High isolation improves the 
performance 

Advantages 

No antenna calibration, 
traditional antennas can be 
used 
No dependence upon 3GPP 
standards 

Adaptation to traffic needs 
If adaptation is not used,  
antenna calibration is not 
needed and traditional 
antennas can be used 

Disadvantages 

SHO overhead traditionally has 
been a problem, but with latest 
equipment, antennas and high 
isolation, it becomes 
insignificant. 

S-CPICH overhead 
Fixed beamforming is not fully 
supported for HSDPA in 3GPP 
specs 
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 Allocation of multiple scrambling codes per cell => the system does not become code-
limited. 

 Independent Node B packet scheduling under each beam => attractive from a complexity 
point of view. 

 The basic spatial interference suppression gain results in a cell capacity gain for HSDPA 

 In flat fading radio channels, the beamforming capacity gain for HSDPA is furthermore 
increased by improved code-efficiency (multiple scrambling codes results in lower 
selection probability of 16QAM modulation and improves the code-efficiency). 

Besides the performance gain, the use of antenna arrays does increase the size of the antennas, 
tower loading and wind loading.  A number of engineering factors must be taken into account to 
decide if a smart antenna system should be deployed in a particular working environment.  This 
will be further discussed in later sections.  

3.3.3 Antenna solutions – high antenna gains    

Increasing the antenna gain is a very cost-effective method for improving coverage, and is easy 
to implement.  Increasing the gain for an antenna is accomplished by reducing the vertical or 
horizontal beam opening. 

For cellular systems, three sector sites and antennas with typically 3dB horizontal beam openings 
of 65 degrees are often used.  One easy way of increasing antenna gain is by increasing the 
number of sectors.  Using six sectors and antennas with a beam opening of ~30 degrees will give 
an antenna gain increase of approximately 3dB.  

The other way of increasing the antenna gain is by reducing the vertical beam angle, reducing the 
beam angle to half will increase the gain by 3dB.  One common method of decreasing the vertical 
beam angle is by “stacking” two antennas.  Stacking is where two separate antennas are placed 
in such a way that the two beam patterns will add in equal phase and thereby will increase the 
gain in one direction.  

3.3.4 Null-filling and below horizon coverage 

A byproduct of increasing antenna gain is that of elevation plane nulls.  

Any antenna with two or more elements will, in addition to the main vertical-plane lobe, have 
other secondary lobes both above and below the horizon.  Along with these secondary lobes 
come vertical-plane nulls.  Nulls above the horizon are of no consequence because they have no 
effect on coverage.  Nulls below the horizon are a problem as it is below the horizon where the 
desired coverage area lies. 

With an increasing number of elements, the elevation angle of the first null (i.e., the first vertical-
plane null below the horizon) increases.  As a result, this increases the distance from the tower to 
the point on the ground where the first null lands.   

It is recommended that the coverage provided by very narrow elevation beamwidth antennas (<6 
degrees) be carefully analyzed prior to deployment of the antennas.   

This null area, even though relatively close to the tower, often is an area of real signal problems.  
With virtually no direct-path signal, the entire remaining signal comes from reflections and 
refractions and the net signal is plagued with multi-path effects.  If there is significant population 
within the null area (or if there is a major thoroughfare through the area), something must be done 
to mitigate these effects.   
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Null-filling is where the radiation pattern is modified so that there will be some gain also in the 
direction of the nulls.  Null-filling will, however, slightly decrease the gain of the antenna but as 
only a small amount of power is needed for null-filling, that is not seen as a major problem.  Null-
filling is normally included in ordinary cellular base station antennas, but it is important to also 
implement null-filling when stacking antennas for higher gain. 

3.3.5 Wind load  

A larger antenna will naturally have a larger surface area and will therefore give a higher amount 
of wind-load on the antenna tower.  However, as a normal cellular antenna is only providing a 
very small amount of the total wind-load on the tower, this is not a problem even if the antenna 
area is doubled.  For comparison, it is interesting to note that in many cases the antenna feeders 
give a wind load that is in the same range as that from the antennas.  This is important to 
consider when comparing larger antennas with other solutions like four-way diversity or higher 
order sectorization, even though there is a difference in how the load is distributed. 

3.3.6 Gain, physical size and coverage  

An example of what can be achieved with commercially available high gain antennas is Gain 
23dBi and Size, (length) 4.8m. 

Compared to the antennas normally used, the high gain antenna gives an improvement to the link 
budget of up to 5dB.  This can be translated to an improved coverage area of 80% or a reduction 
of sites for a given area with 40%.  

It is important to note that using high gain antennas will have no impact on other parts of the site, 
as the same tower and the same number of feeders are used, and there is no impact on any 
other parts of the Radio Access Network. 

3.4 Other coverage enhancing solutions 

3.4.1 Extended range   

The range or reach of a cell is often limited by terrain or the radio horizon.  Therefore, the normal 
theoretical limitations of the radio network seldom actually come into play. However, operators 
occasionally want or need to extend the cell range -- in some cases up to 200 km.  

According to current 3GPP standards, a Node B should be considered as a reported cell range of 
up to 60 km, which is the current theoretical limitation.  By increasing the reported cell range, this 
limitation can be removed.  A change request is currently considered in 3GPP and a change of 
the maximum reported cell-range can be introduced in Release 6.   

Extended range is suitable for extreme coverage applications over flat terrain, such as desert 
regions, and over large bodies of water.   

What is described here is only how to remove the timing constraints introduced by the current 
standard.  Extending the radio coverage to extreme distances is a separate problem that must be 
solved by using high gain antennas, higher order sectorization, higher antenna towers, or a 
combination thereof. 
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3.4.2 Extended coverage for downlink 

According to current 3GPP standards, a UE is not allowed to access the system if the received 
pilot power is below -115dBm.  Experience from real networks shows that it is possible in many 
cases to keep a connection alive at much lower levels than this so the accessibility and the actual 
coverage of the system would improve if access could be allowed below the current level 

A proposal has is being considered by 3GPP to change the min pilot level down to 119dB which 
then allowed for a cell increase of up to 4dB or about 40%, a major improvement. This is 
achieved by implementing the 3GPP Rel-5 TS 25.331 deltaqrxlevmin parameter with a range of 
0, 2 or 4 dB.  This will be a mandatory feature from Rel-6.  Since this parameter is key to the 
carrier’s business strategy, we may expect to see it set differently by different carriers. 

3.4.3 Lower frequency bands 

To deploy high speed data on a lower frequency band is one way of extending the coverage.  In 
some markets, lower frequency bands are being made available for WCDMA, which also 
improves the link budget.  With this gain, operators can improve coverage for urban indoor users, 
and minimize the number of sites needed to provide coverage to rural areas. 

Even though using lower frequency bands have a distinct advantage there are also some 
problems that need to be solved before this is a viable alternative.   

 Lack of spectrum 
In many countries the lower frequency bands are already used for 2G cellular services, 
which needs to be considered when allocating spectrum for WCDMA. Another related 
problem is that the spectrum in many cases is scattered among many users, and it is not 
unusual that one operator does not have a contiguous spectrum wide enough for 
deploying WCDMA, which in reality needs roughly 5MHz.  Re-farming of existing low 
frequency spectrum is in these cases necessary before WCDMA deployment. 

 Non-agnostic use of spectrum 
In many countries, spectrum is allocated and licensed only for a specific use. An example 
of this would be deployment of only GSM in a specific spectrum.   We can foresee that 
changes to licensing agreements with authorities will in some cases be necessary prior to 
deployment of WCDMA 

  

4 Support tools for planning and optimization 

4.1 Dynamic Network Optimization 

Currently, network optimization is performed either periodically or as new sites are added to the 
network.  This optimization typically requires months to implement.  Dynamic Network 
Optimization (DNO) is an automatic optimization methodology that collects live network statistics 
in order to tune key network parameters and has the potential to optimize by time of day.  
Different levels of automation are possible depending on the quality of the input data and the 
elements that the network operator decides to control automatically. 
  
A Dynamic Network Optimization System (DNOS) would be able to automatically collect network 
statistics and apply a set of rules to achieve the desired performance objectives.  Controllable 
elements, or the elements under the control of DNOS, would be modified to improve some aspect 
of the network (i.e. capacity, coverage, etc.).  The process would be similar to engineering 
practices that are conducted manually today.  Network data is collected and fed into software that 
applies the data to network models and optimization algorithms.  Engineers use the outputs to 
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produce various scenarios for improving the network.  The processes of collecting the data, 
preparing the data for engineering tools, selecting the scenario to implement and the actual 
implementation are both error prone and time consuming.  The underlying algorithms of an 
automated system would be similar but the steps would be automated. 
 
The benefits of such a system would include: 

 Reduced time to identify and correct network quality issues 

 Reduced errors related to data aging and due to automatic screening of data 

 Adaptation to network growth and seasonal trends 

 Adaptation to transient conditions such as sporting events or disaster conditions 

 Improved data for planning new sites and other network elements 
 
In practice, these types of solutions must address two main concerns.  First, an operator may be 
reticent to let sensitive network parameters be changed automatically until field experience 
demonstrates that DNO systems are trustworthy.  Second, the rate at which a DNOS will be able 
to adapt will depend on the quality of network data and the rate at which it is collected.  Since the 
entire process is based on network statistics collection, a sufficient period of time shall be 
required in order to collect enough statistically valid information to evaluate the impact of 
parameter changes.  [9] [10] [11] 

4.2 Example of Adaptation in Time 

Dynamic network optimization is motivated by the fact that the traffic demand upon the network is 
time-dependent.  Macroscopic time variations exist across a variety of time scales, ranging from 
long-term and seasonal, to hourly time scales.  Hourly time variations are shown in the two 
figures below.  The distribution of traffic during the enterprise hours (9AM to 5PM) is shown in 
Figure 4.1A.  There are higher densities in the vicinity of industrial and commercial locations.  The 
distribution of traffic during the residential hours (7PM to 10AM) is shown in Figure 4.1B.   While 
there are general reductions in the overall volume of traffic, the location of local maxima can also 
be variable (especially within the red dashed circle).  The use of a dynamic optimization system 
allows the network to be optimized by time of day to best serve traffic. 
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Figure 4.1A: Typical traffic density during enterprise hours (9AM to 5PM) 
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Figure 4.1B: Typical traffic density during residential hours (7pm to 10pm) 
 
4.2.1 Optimization Strategy 

There are three main elements that will typically be present in any Automatic Optimization tool: 

 Key parameters 
 Cost function based on key performance indicators (KPI) 
 Decision logic 

 
The operator will need to carefully select the KPIs and a cost function that mathematically defines 
how to optimize them.  The DNO vendor will have to develop the decision logic -- that is, the 
models and algorithms -- that enable the DNO system to manipulate the parameters to achieve 
the best possible combination of KPIs according the cost function defined by the network 
operator.  
 
By itself, a DNO will not ensure a well-performing, cost-efficient network.  The foundation of an 
effective network is in the placement of sites so that the concentrations of RF power match the 
concentrations of traffic.  Adjustment of the antenna patterns, pilot power per cell and other 
network parameters can be used to fine-tune coverage and overlap between cells to improve 
network performance and capacity, especially when the traffic conditions in the cell evolve from 
the initial expectations. 

4.2.1.1 Key Parameter Definition 

The definition of key parameters to be controlled would always be the first step in any 
optimization procedure.  These parameters shall be expected to have significant impact on 
coverage, quality or another performance indicator of the network.  The key parameters that are 
available depend on the network equipment vendor. 
 
For instance, access to a cell is controlled by different criteria depending upon vendor 
implementation, such as: throughput, interference, transmit power or a number of connections.  
Since the interference in the cell increases with the number of users, the setting of the access 
parameters will enable a trade-off between coverage, quality and capacity.  Some parameters 
that could be tuned are listed below: 

 Total cell transmission power 

 Total received interference target 

 Downlink radio link power maximums 

 Handover windows 

 Common pilot channel powers. 

 Programmable antenna azimuth, tilt and beamwidths (where applicable) 

4.2.1.2 Key Performance Indicators 

KPIs are the source of information on which the optimization process will be based.  They must 
be defined so that the optimization objective is represented as accurately as possible: quality, 
capacity and coverage.  These performance indicators need to be unambiguous and clearly 
define whether performance improves or degrades.  One important aspect of the KPIs is how 
they relate to the Quality of the User Experience (QoE).  Another aspect to consider would be the 
statistical variance of the KPIs.  Depending on the case, a minimum number of samples will be 
needed to consider the KPI reliable enough, and this will drive the frequency at which 
optimization actions can be made.  Some example metrics are presented below: 
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 Quality: Ratio of calls with high BLER respect to all calls. 

 Congestion: Ratio of blocked real-time calls such as voice or video.  Congestion on data 
connections is manifested as lower throughput per connection and increased latency. 

 Common Pilot Coverage: The performance of the system varies with signal level.  As 
the signal level increases, the available throughput also increases, which leads to greater 
revenue for the operator.  In an automated system this objective may be modeled by a 
function of signal level which is multiplied by traffic density. 

 Load and Load Balance Statistics: This metric allows comparing the load in one cell to 
the load in its neighbor’s cells.  This would help to optimize load balancing by tuning the 
coverage of high loaded cells. 

 Cost function: A cost function allows defining the importance of one KPI against the 
other for the decision rules, i.e., operator may define a weight 2x for call quality versus 
congestion. 

4.2.1.3 Decision Logic 

The decision-making process implemented in the optimization tool may be as simple as binary 
logic or rules defined by expert engineers, or as complex as fuzzy logic or sophisticated 
algorithms.  In any case, the basic scheme will take current parameter settings and KPIs as input, 
and will provide a new set of parameters as output. 
 
The algorithm may allow certain tuning capabilities so the operator will be able to decide the 
strategy to follow.  For instance, the system must first determine whether a proposed change is 
allowed based the predicted improvement from a change versus the cost and risk of making the 
change.  For changes that are allowed, one may decide whether coverage improvement has 
higher priority than quality, or vice versa.   
 
In order to ensure system stability, it will be necessary to limit the rate of adaptation to prevent the 
system from trying to adapt to statistical noise.  Features will also need to be implemented to 
detect spurious data and fault conditions.  
 

Different levels of automation may be defined for implementing the changes in the parameters 
determined by the DNO system, which will depend on the operator’s confidence in the system.  
These levels are as follows: 
 

 Expert review: The Optimization algorithm is run automatically in the network and new 
parameter setting is generated automatically.  However, changes are only implemented 
after careful review by network experts.  This is the safest approach and basically uses 
the algorithm as a tool to help optimization engineers save time, but keeps the 
responsibility for the changes under full control of the person. This would be typically a 
first stage approach to be used at the beginning of the implementation and during the 
tuning phase of the algorithm.  The frequency of the changes in this case would be 
limited since there is less need for human interaction. 

 
 Automatic Long Term Evolution: Changes are performed automatically by optimization 

based on long term KPI evolution.  Changes are implemented only at certain moments; 
for example, during a maintenance window at the beginning of the week.  Monitoring of 
performance impact is done automatically. 

 
 Automatic Short Term Evolution: Both short term and long term KPI evolution are 

monitored.  The algorithm is allowed to change parameters continuously throughout the 
day.  For example, key parameters might be modified in the morning and afternoon in 
order to produce adequate capacity for different traffic distribution during enterprise and 
non-enterprise hours. 
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5 Performance analysis and evaluation 

5.1 Coverage Model Definition and Assumptions 

5.1.1 Propagation Models 

5.1.1.1 Introduction    

Reliable data performance requires an accurate prediction of the propagation of the data carriers 
in a range of operational scenarios.  From this prediction, a well-planned network can then be 
constructed and a suitable balance achieved between Macro, Micro, Pico and Femto sites, 
together with the various coverage enhancement options which can be deployed when additional 
capacity is not required. 

Traditional coverage planning centered on achieving a minimum level of field strength at any 
receiver station placed within the planned coverage area is generally based on outdoor coverage, 
with in-building coverage largely appearing as a convenient by-product.  The increasing use of 
high data-rate services has, however, introduced a number of new dimensions to the planning 
problem.  Indeed, heterogeneous mixes of services and data rates, together with the nature of 
CDMA technologies, require the use of accurate traffic models and advanced simulation 
techniques, typically through employing Monte-Carlo simulation engines, and there is an 
increasing need for accurately predicting not only coverage but also interference levels 
throughout the network. 

Into this mix can be added the various coverage enhancement techniques (such as distributed 
antennas, repeaters, leaky-feeder systems, etc.), all of which must be taken into account when 
planning the network. 

Fortunately this problem is eased by a range of sophisticated planning tools which are now on the 
market.  These are capable of planning both outdoor and indoor coverage and examining the 
impact of outdoor cell-sites on indoor installations and vice-versa.  There are four scenarios which 
need to be considered:   

1. outdoor Node B to outdoor data user 

2. indoor Node B to indoor data user 

3. outdoor Node B to indoor data user 

4. indoor Node B to outdoor data user 

The radically different environments which the above scenarios reflect, result in a range of 
propagation models which can be (and need to be) used.  These models typically include: 

 COST 231 Walfisch-Ikegami model 

 Dominant-path prediction models 

 Deterministic models based on Physical Optics 

 Full or 2,5D ray-tracing / ray-launching prediction models 

 Recursive models for street modeling 

 Models based on the use of, or merging of, field measurements and model 
predictions ) 

One, or a combination of these models, is typically used in predicting propagation in all four of the 
scenarios listed above. 
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5.1.1.2 Outdoor Node B to Outdoor Data User 

For this scenario, the COST 231 Walfisch-Ikegami Model can be employed (for wide-area 
coverage).  This is an empirical model representing a combination of the models from J. Walfisch 
and F. Ikegami, which was then further developed by the COST 231 project.  It is now referred to, 
somewhat cumbersomely, as the "Empirical COST-Walfisch-Ikegami Model" (but will be 
abbreviated to "COST 231" here).  Although models based on an enhancement of the Okumura-
Hata formulation using an additional diffraction coefficient, advanced effective antenna height 
algorithms, and additional tuning capabilities, are more widely used nowadays, those models tend 
to be proprietary and/or planning tool dependent.  The Walfish-Ikegami model, which is still used 
for some specific environments, is hence presented in this paper. 

This model is accurate in many, fairly uniform, outdoor urban environments, with diffraction 
effects due to rooftops in the TX-RX path being included in the model.  More recent models have 
improved its performance, however.  Clearly the availability of 3D terrain and building data is 
essential in extracting the best accuracy from the model; however in cities with relatively uniform 
building heights, good accuracy can still be obtained using an average height assumption.  The 
only major propagation aspect not considered by the standard model is wave-guiding effects due 
to multiple reflections (along a street, for example). 

The main parameters of the model are: 

 Frequency (typically between 800 and 2200 MHz)  

 Height of the transmitter (typically between 4 and 50 m)  

 Height of the receiver (typically between 1 and 3 m)  

 Distance between the transmitter and receiver (typically between 20 m and 5 km)  

 Mean value of the height of the building within the city 

 Mean value of street width within the city 

 Mean value of separation between the buildings within the city 
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An example of a prediction based on this model is shown in Figure 5.1A below. 

 
Figure5.1A:  COST 231 Walfish-Ikegami model coverage prediction 

 
It is also possible to use more deterministic models in order to get more accuracy and better 
accounting for building or other clutter structures than the details provided by the geodata.  Those 
models are typically based on a combination of various modeling techniques and include a model 
for the vertical plane contributions (e.g. Deygout, Multiple Knife Edge models, 2D ray-tracing) and 
a model for the horizontal plane (e.g. ray-tracing, ray-launching, recursive model).  While models 
based on ray-tracing have had quite some success in the past few years, typically for urban 
environments where high-resolution geodata are more available, more recent recursive models 
have been shown to bring better computation times for a similar accuracy level.  All techniques 
are still progressing, however, and those models will be used more and more in the future, as 
computation times decrease and needs for higher accuracy increase. 
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An example of ray-tracing prediction employed in an outdoor environment is shown in Figure 5.1B 
below. 
 

 
 Figure 5.1B:  Ray tracing prediction of a single site pilot coverage 

in an outdoor environment 

5.1.1.3 Indoor Node B to Indoor Data User 

This scenario can be modeled using 3D ray-tracing techniques, in which the transmitter is 
modeled in a similar manner to a light source shining into or around the building, with a coverage 
pattern determined by the antenna(s) used.  Each individual "ray" from the source is then mapped 
to an imaginary receiver at each point in the area being simulated; this receiver then measures 
the signal strength, delay spread, etc., at each point, based on the rays it receives and the 
reflections (from walls, ceilings, floors etc.) which they have experienced. 

This technique can be quite accurate, as it is modeling the radiowave propagation characteristics 
of the building in the most direct manner possible.  This accuracy, however, comes at a price and 
that price is the computational resource required to calculate the effect of multiple rays at all 
points in the prediction space.  The dielectric properties of the building materials, furnishings, etc., 
all have an impact and must be entered and modeled in order to achieve maximum accuracy. 
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In order to alleviate the computational problem, particularly when planning interactively, it is 
common to utilize pre-processing for the prediction space and also to limit the number of rays 
with a number of interactions (diffractions, reflections) higher than a given value. 

There are also alternative indoor modeling techniques, such as Keenan-Motley, COST Multi-wall 
and others derived from these, that are a lot less computation-intensive, but can not lead to very 
high-accuracy predictions.  However, these are often satisfactory for most practical purposes. 

5.1.1.4 Outdoor Node B to Indoor Data User 

In this scenario, as in the following one, it is typical to use a combination of modeling methods, 
depending upon the supplier of the modeling software and the nature of the indoor environment 
(e.g. airport concourse, floor of an office building). 

One technique is to use a COST 231 model to predict the amount of signal incident upon the side 
of a particular building and then to use a ray-tracing algorithm within the building, with the source 
being a window or windows into the building from that side. 

Clearly attempting to go to this level of complexity for each building within a large coverage 
footprint (e.g. a Macro cell) would require a very significant amount of detailed information about 
both the construction of each building, their window sizes, and other specifics.  An average 
approach is usually all that can be achieved in most circumstances. 

An alternative approach is to use a simplified ray-tracing scheme, in which only the dominant ray 
is computed or where intelligent selection is made of the number of rays to be computed for a 
given point.  This approach allows both the outdoor and indoor environments to be treated 
seamlessly.  

Another approach consists in modeling the outdoor prediction using any model, typically a ray-
tracing or recursive model when high-accuracy building information is available and street guiding 
effects should be modeled, together with an in-building penetration algorithm that basically 
spread inside all buildings the energy predicted to be received around them.  This spreading can 
typically be achieved using a one-slope model, with a loss at the interface of all buildings and a 
linear loss inside buildings.  
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Figure 5.1C:  Outdoor ray tracing employed to predict indoor coverage from an 

outdoor base station, using a slope-based indoor prediction model 
 

5.1.1.5 Indoor Node B to Outdoor Data User 

Predicting the impact of indoor cells on outdoor coverage is also a complex problem.  Diffraction 
effects from windows, following the "waveguiding" effects of building corridors (for example), add 
to the complexity of what is essentially an outdoor propagation problem, since only the source, or 
one of the sources, is indoors.  The approaches used include the dominant ray concept described 
above or the use of COST 231, with one or more windows as one of the transmitters.  
Fortunately, the power of an indoor Pico or Femto cell is small and much of this is contained 
within the building, so this final scenario is perhaps the least important in terms of its overall 
impact on network performance, in most cases. 
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5.2 Application matrix showing use and comparative strengths 
of each solution 

 
Solution Strengths Primary Applications Application considerations 
Macro Node B Large coverage 

areas, primary source 
of capacity and 
coverage 

Large scale deployments, 
primary source of 
coverage in networks 
today 
 
Driver for DAS, and 
remote radio heads 

Physical Size/footprint, most 
extensive and advanced 
feature sets are available as 
compared to Micro or Pico, 
higher capacity than other 
Node B options 

Micro Node B Ease of deployment, 
smaller size. 
 
Can be wall-mounted 

Focused outdoor 
coverage, and directed 
indoor coverage 
 
Could be used to improve 
indoor coverage from 
outside 
 
Often used as a hotspot 
solution 
 
Driver for DAS, and 
remote radio heads 

Future capacity needs. 
 
Less flexibility than Macro 
Node B in terms of feature 
set.   
 
Typically deployed  
 

Pico Node B Very small size 
Easier to place in 
required locations 

Indoor hotspots.  Indoor 
installations, such as 
shopping malls. 

Lower capacity than Micro, 
but smaller in size 
 
Consider backhaul to RNC 

Femto Node B Smallest size Residential or very small 
enterprise 
 
Indoor installation 

Limited capacity, 2-4 voice 
users 
 
Consider backhaul to RNC 

Distributed Fiber 
System and 
DAS 

Extension of 
coverage to specific 
targeted areas, Ease 
and speed of 
deployment  

In-building, tunnels, 
railways, campus, 
convention centers, 
difficult to gain approval 
of planning boards. 

Need to consider which 
frequencies and technologies 
are supported, need to 
understand available Node B 
RX dynamic range  

Passive DAS High reliability, 
multiple technologies 
and multiple bands 

In-building, tunnels, 
smaller campuses, 
convention centers, and 
areas difficult to gain 
planning approval. 

Not suitable for very long 
distances outdoors.   
 
Preferred solution for most 
indoor applications 

Neutral Host Shared costs, speed 
of deployment 

In-building, tunnels, 
railways, campus, 
convention centers, 
difficult to gain approval 
of planning boards.  

Frequencies and 
technologies supported, 
dynamic range, maintenance 
of system 

Intelligent 
Repeaters 

Targeted outdoor and 
indoor coverage 

Greenfield and coverage 
extension, fill-in, in-
building 

Consider capacity impacts on 
donor site, poor deployment 
may de-sensitize Node B RX 
 

Remote Radio 
Heads 

Ease of deployment, 
base station hotelling, 
lower power 
requirements, long 

All Macro and Micro Node 
B applications, areas 
difficult to gain planning 
approval. 

Expected deployments on 
rooftops, however if deployed 
on tower tops may expect 
maintenance and repair 
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distances from Node 
B are possible (20 
kM) 

challenges.  Link to radio 
heads requires fiber (>1.5 
gbps BW) 

Solution Strengths Primary Applications Application considerations 
Advanced 
Receivers 

Improved coverage 
and capacity  

All Node B applications 
and UE’s 

Advanced receiver 
requirements are 
standardized in 3GPP. 
Implementations may be 
vendor-specific. 

Remotely 
Adjustable 
Antenna 

Coverage extension, 
RF service shaping, 
and sector wide 
interference control 

All Macro Node B 
applications,  more 
advanced techniques 
targeted at high capacity 
sites 

Reduced tower climbs and 
site visits compared to initial 
costs, quicker network tuning 

Smart Antennas Coverage extension, 
and per-user gain 
and interference 
control, capacity 
increase, spectral 
efficiency 
improvements 

All Macro Node B 
applications, primarily 
targeted at high capacity 
sites 

Size of antenna panels, 
number of coaxial feeder 
cables 

High Gain 
Antennas 

Range extension Outside-in building 
coverage, applicable in 
rural areas 

Physical size, narrow 
elevation beam limits 
practical tilts, coverage close 
to site 

Dynamic 
Network 
Optimization 

Network performance 
management  

Time-varying traffic 
imbalances and coverage 
issues 

Frequency and autonomy of 
adjustments 

Extended Range Range extending 
parameters in Node 
B 

Use with other solutions 
to extend range limits 
within standard, 
especially applicable in 
rural areas 

Release 7 of 3GPP 
standards. 

Extended 
Coverage for 
Downlink 

Allows users to 
access network at 
lower power level 

Provide control channel 
coverage in remote 
areas, especially 
applicable in rural areas 

Performance of network in 
“extended” coverage area 

Lower 
Frequency 
Bands 

Extended coverage/ 
improved propagation 

Additional services and 
capacity 

Availability of Spectrum, 
availability of terminal devices 

Table 5.2A:  Solution overview 

6 Conclusion 
Mobile data users and applications are becoming more prevalent, and are expected to continue 
to grow over the coming years.  The performance of 3G services is dependent upon the quality of 
RF signal being received by the data terminals and as such, coverage extension solutions are a 
critical part of providing a positive end-user experience.   
 
This paper outlines and compares solutions to providing and improving RF coverage, and thus 
improving the 3G service performance.  In summary, there are numerous solutions available 
which can be uniquely tailored to the specific deployment and operational needs of wireless 
operators to quickly and efficiently provide the necessary coverage their customers require.   
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8 Acronyms 
16QAM – Quadrature Amplitude Modulation with constellation size 16 
2G – Second Generation 
3D – 3 Dimensional 
3G – Third Generation 
3GPP – Third Generation Partnership Project 
A/D – Analog to Digital converter 
AC – Admission Control 
AICH – Acquisition Indicator CHannel 
BCH – Broadcast CHannel  
BLER – BLock Error Rate 
BTS – Base Transceiver Station 
C/I – Carrier to Interference ratio 
CAPEX – CAPital EXpense 
CAT-5 – Category 5 cable (ANSI/TIA/EIA-568-A,) 
CDMA – Code Division Multiple Access 
COST231- European CO-operation in the field of Scientific and Technical research, propagation 
model 231 
CPRI – Common Public Radio Interface 
DAS – Distributed Antenna System 
dB – decibel 
dBi – gain relative to an isotropic radiator, measured in decibels 
dBm – Decibels relative to a milliwatt 
DSL – Digital Subscriber Line 
EVM -  Error Vector Magnitude 
F1:F2 – Frequency 1: Frequency 2 
GHz – Giga Hertz 
G-RAKE –Generalized rake 
GSM –Global System for Mobile communications 
GSM900 – GSM operating in 900 MHz Band 
HSDPA – High Speed Downlink Packet Access 
HS-DSCH – High Speed Downlink Shared CHannel 
HSPA – High Speed Packet Access (HSDPA and HSUPA) 
HS-PDSCH – High Speed Packet Downlink Shared Channel 
HSUPA – High Speed Uplink Packet Access 
I & Q – In-phase and Quadrature  
IC- Interference Cancellation  
ICE – Interference Cancellation Equipment 
IDR- Internal Dynamic Range 
IMD – Intermodulation Distortion 
kg – kilogram 
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km – kilometer 
KPI – Key Performance Indicator 
LOS – Line of sight 
m – meter 
MbP – Measurements based Predictions 
MCPA- Multiple Carrier Power Amplifier 
MHz- Mega hertz 
mS – milliseconds 
MTBF – mean time between failures 
mW – milliWatts (1/1000 of watt) 
OBSAI – Open Base Station Standard Initiative 
OEM – Original equipment manufacturer 
OPEX – Operating expense 
PA – power amplifier 
PCH- Paging CHannel 
P-CPICH – Primary Common PIlot CHannel 
PICH – Paging Indicator CHannel 
Rel-99 – Release 99 
RAB – Radio Access Bearer 
RAKE – receiver that receives multiple signals, combining them to produce one clear, strong 
signal. 
RET – Remote Electrical Tilt 
RF – Radio Frequency 
RNC – Radio Network Controller 
RRH – remote radio head 
RRM – radio resource management 
RSSI – Received Signal Strength Indicator 
RX – Receive 
S-CPICH – Secondary Common PIlot CHannel 
SDMA – Spatial Division Multiple Access 
SHO – Soft Handoff Overhead 
SIR- Signal to Interference Ratio 
SMF – single mode fiber 
SNR- Signal-to-Noise Ratio 
SPR- Sector power ratio 
TDMA – Time division multiple access 
TMA – Tower Mounted Amplifier 
TS – TimeSlot 
TTI – Transmission Time Interval  
TU3 – 3GPP Typical Urban 3 (fading model) 
TV – Television 
TX – transmit 
UE – User Element  
UMTS – Universal Mobile Telecommunications System 
US – United States of America 
W – watts 
WCDMA – Wideband Code Division Multiple Access 
WCDMA850 – WCDMA operating in the 850 MHz band 
WiFi – Wireless Fidelity, references IEEE 802.11 based WLAN networks 
WiMAX – Worldwide interoperability for Microwave Access 
WLAN – Wireless Local Area Network 
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