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Summary 

This study was commissioned by Ofcom to ascertain whether improvements in spectrum efficiency could be achieved 
through the application of Interference Cancellation (IC) techniques to wireless systems. It was the aim of the study to 
identify practical examples where IC could be used to improve spectral efficiency within UK deployments, and to 
identify ways in which Ofcom could promote and encourage the use of IC techniques. 

The study has surveyed the literature on IC techniques and their application in radio systems. A wide variety of radio 
systems were considered at the start of the study (Cellular, Broadcast, Radar, Wireless LAN, Fixed Links and BFWA) 
following which, at the request of Ofcom, the Fixed Link and BFWA applications were taken forward for more detailed 
study. The study has considered performance at both the radio link level and the system level. A deployment cost 
analysis has been performed and regulatory issues examined. 

Fixed Links 

Point to Point microwave links are currently planned with high Wanted to Unwanted (W/U) signal ratios, often 
requiring large distances between co-channel users. Whilst interference cancellation of cross-polar interference 
(XPIC) in co-channel dual polar links is commonplace, interference cancellation for co-channel signals from another 
transmitter is currently not implemented. In this study the extension of XPIC techniques to interference cancellation of 
co-channel signals is considered. Link level simulations have shown that reductions in W/U ratios of up to 12dB are 
possible for a two antenna receiver, allowing for the presence of multiple interferers. System level simulations based 
on re-assigning frequencies of actual links contained in the Ofcom 7.5GHz assignment database have shown an 
increase in the re-use of frequencies by up to a factor of 1.7.  

The need to add an extra antenna to support IC, plus additional baseband signal processing means that the cost of 
equipment with IC will increase. Excluding antennas the additional equipment cost has been estimated to be around 
£1800.  Further costs are incurred through the additional tower rental costs for mounting the antenna and also 
installation costs. The total additional cost of adding IC is estimated to be between 10% and 40% for a single link 
depending upon the specific scenario. 

Given the additional cost of applying IC there is currently little incentive for the operator to adopt IC technology, unless 
an assignment in a frequency band (or operator preferred sub-band) cannot otherwise be obtained. In these cases 
the use of IC may be preferable to using a new frequency band or sub-band where the operator currently does not 
maintain spares. Changes to the licence fee structure have been considered, but because equipment and installation 
costs dominate over licence fee costs a large increase in licence fees will be required to encourage operators to adopt 
IC enabled equipment. 
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BFWA 

The use of interference cancellation within BFWA systems is already thought to be a necessity by operators, and is of 
particular interest if applied to IEEE 802.16a receivers. Frequency re-use controls interference between cells, limiting 
capacity. Furthermore individual users can, because of their static nature, be throughput limited because of 
interference, so that user perception of the service is poor. IC will reduce the coordination required by operators, and 
reduce their costs.  IC is generally thought to be technically feasible and there is only a small legacy issue. Two 
different IC algorithms were investigated in this work: a single user algorithm (SU) and a multi-user algorithm (MU) 
with different combinations of transmit and receive antenna elements. The work has examined both the link level 
performance and system level performance using a hypothetical layout of Base Stations and CPEs in the city centre 
of Bristol, using ray-tracing models to obtain propagation characteristics for both wanted and interfering signals. Link 
level simulations and system level simulations have shown that the largest gains are obtained with omnidirectional 
antennas and using the MU algorithm. Worthwhile gains are however obtained for directional antennas. On the 
downlink, for directional antennas, throughput can be increased by a factor of 1.28-1.94 depending on the algorithm 
and number of antennas at the BS and CPE. On the uplink, with directional antennas, throughput can be increased by 
a factor of 1.33-3.5 depending on the algorithm and number of antennas at the BS and CPE. 

A cost analysis has shown that if IC can double the throughput of a BS, then to support the same number of CPEs for 
a given average throughput per user there is a cost saving of between 27% and 40% in deployment costs. The 
potential for cost savings and improved service provision are considered to be the key drivers for the adoption of IC in 
BFWA systems, rather than changes in regulation. 
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1 INTRODUCTION 
This document is a summary of the final report for the ‘Application of Interference Cancellation Techniques’ Study 
performed for Ofcom against Contract 830000084 by a team comprising Roke Manor Research Ltd (RMR), the 
University of Bristol (UoB), CCLRC Rutherford Appleton Laboratory (RAL), and Red-M (formerly Cellular Design 
Services). The full version of the final report is contained in two volumes [Ref 1] and [Ref 2].1 

Interference cancellation (IC) techniques have the potential to allow spectrum efficiency improvements in systems 
where geographical co-channel frequency re-use is employed by allowing the distance between co-channel 
transmitters to be reduced. This potentially includes a wide range of wireless systems including Cellular, Fixed Links, 
Broadcast and Satellite. However, technical and commercial constraints can mean that in some systems introducing 
IC techniques may not be viable. It was the aim of this study to identify practical examples where IC could be used to 
improve spectral efficiency within UK deployments, and to identify ways in which Ofcom could promote and 
encourage the use of IC techniques. 

In the context of this study, IC techniques are defined to be any technique or combination of techniques that allow an 
existing receiver to operate with higher levels of co-channel interference. The motivation of improving a receiver’s 
performance in co-channel interference is to increase the spectrum efficiency of a system usually by allowing a 
greater geographical re-use of frequencies (although in the case of CDMA systems improved spectrum efficiency 
usually comes by allowing greater use of the orthogonal code space). 

It is a general principle that a communication system should be designed to avoid interference in the first place, either 
through network planning or with effective radio resource management and medium access control. However, to meet 
the increasing demands placed upon the radio spectrum more efficient use is necessary whereas stringent 
requirements on interference levels can lead to large co-channel re-use distances in some radio systems. If IC can 
allow a receiver to operate with higher levels of interference, then there is potential for a spectrum efficiency 
improvement. Furthermore, the increasing use of licence exempt spectrum where interference is unavoidable means 
that the radio system must not only avoid interference but also mitigate against its presence. A key point is that the 
strategies employed to mitigate interference are very dependent on the source of the interference and its relationship 
to the wanted signal. The use of IC techniques can also make systems more reliable, either by design or by 
incorporating additional signal processing into existing systems, where a retro fitment is practical.  

IC techniques have long been applied to radio systems in conjunction with adaptive arrays, primarily in military 
applications, but also in some civil applications. Adaptive arrays exploit the spatial separation of the wanted and 
interfering signals to spatially filter or cancel the interfering signals. In some applications the use of an antenna array 
is prohibitive, for example in a mobile radio handset, and modifications to detection techniques have been devised 
that permit IC using a single antenna. Recently so called Single Antenna Interference Cancellation (SAIC) techniques 
have been introduced into the GSM standard where modified handsets can operate at lower signal to interference 
ratios than unmodified handsets, permitting greater frequency re-use and hence greater spectral efficiency. 

2 SURVEY OF IC TECHNIQUES AND APPLICATIONS 

2.1 INTERFERENCE CANCELLATION TECHNIQUES 

There is a considerable literature on the subject of IC techniques. Almost all IC techniques make assumptions about 
the properties of the wanted signal and of the interfering signals(s) since such assumptions are a necessary 
                                                           

1 In fact Vol 1 is a self-contained report of the work performed by the project team and the reader is advised to only consult Vol 2 if 
requiring further detailed information on the literature search and/or candidate scenarios. In any case it is best to start with this 
Summary Report. 
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requirement to arrive at some tractable solution. Furthermore many IC techniques exploit differences in the properties 
of the wanted signal and that of the interfering signal to allow separation of the signals. These can range from 
differences in the bandwidth of the signals to differences in angle of arrival of the signals. The use of multiple receive 
antennas is commonly associated with IC where differences in angle of arrival of wanted and interfering signals permit 
cancellation. Single antenna techniques are also possible. Here, angle of arrival can no longer be used as a 
discriminator, but other differences in the wanted and interfering signals can be exploited, for example bandwidth, 
modulation type or amplitude. 

The study has addressed the following classes of IC techniques: 

• Filter based 

• Transform methods 

• Joint detection/Multi-user detection 

• Cyclostationarity 

• Neural networks 

• Higher order statistics and source separation 

• Spatial processing 

• Analogue techniques 

 

2.2 INTERFERENCE CANCELLATION APPLICATIONS 

An important aspect of this study has been to identify realistic scenarios where IC can be of benefit. The study initially 
considered a wide range of different scenarios or systems where IC could be applied. Two scenarios were then 
selected by Ofcom for detailed study. These were Fixed Links and Broadband Fixed Wireless Access (BFWA). A 
summary of the most beneficial scenarios identified in the study is given below: 

Cellular 3G Overlay on GSM Switchover between GSM and 3G is expected to occur over a time frame of many 
years and could be comparable to the Analogue/Digital TV switchover. The principle of allowing GSM and 3G to share 
the same spectrum (GSM being the primary user) may overcome the switchover problem and any technique to assist 
in this process is thought to have a high economic benefit. Applying cancellation of interfering GSM signals to a 
UMTS receiver is thought to be technically feasible, and can be applied to UMTS equipment operating in GSM bands. 
Consequently there is no legacy issue. Rather than achieving any spectral gain the immediate need is to preserve the 
spectral utilisation of current GSM bands during the switchover. 

Cellular GSM/GSM An alternative approach to the previous scenario is improvement of GSM spectral efficiency by 
using GSM IC within GSM receivers. With level or declining traffic for the GSM service, less spectrum would be used 
by GSM, allowing 3G services to progressively occupy the existing GSM spectrum. The economic benefit and 
technical feasibility scores are high, but there is a legacy problem and to increase spectral efficiency a large 
percentage of the population of receivers must be equipped with IC. This is considered to be economically 
unattractive to operators. 

BFWA The use of IC within BFWA systems is already thought to be a necessity by operators, and is of particular 
interest if applied to IEEE 802.16a receivers. Frequency re-use determines the level of interference between cells, 
limiting capacity. Furthermore individual users can, because of their static nature, be throughput limited because of 
interference, so that user perception of the service is poor. IC will reduce the coordination required by operators, and 
reduce their costs.  IC is thought to be technically feasible and there is only a small legacy issue. The spectrum gains 
could be considerable if frequency re-use of unity is possible, and as BFWA systems are in the early roll-out phase it 
is a timely issue. 

Fixed Link / Fixed Link Ratios of the W/U co-channel signals used in assigning frequencies within Line Of Sight 
(LOS) Radio Systems are quite high and there is scope to reduce these using IC, leading to reduced co-ordination 
distances between co-channel links. However, there are practical difficulties with retro-fitting IC because of the 
necessary downtime on links with contracted availability. There are possibilities for introducing IC equipment in new 
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bands or where new equipment is being installed in existing congested bands. Fixed Links provide backhaul links to 
cellular infrastructure so expansion in these networks with the roll-out of 3G services could require additional 
spectrum for fixed services or increase pressure on existing bands. 

Radar Radar systems use a significant amount of spectrum in the region of 1-10GHz. Being able to release any of 
this spectrum to other services, or permit more extensive sharing could be of significant economic benefit and 
increase spectral utilisation. The technical feasibility of IC within radar receivers is unclear and there is a considerable 
legacy issue. Improvements in the spectral efficiency of radar systems can be sought through improvements to the 
waveform design, or filtering of existing signals to reduce out of band emissions, and therefore guard bands may offer 
a short-term alternative to IC. 

WLAN The advantage of IC within WLAN receivers is restricted to overcoming the ‘Hidden Terminal’ problem 
because of the way in which the communication protocol operates. This is of some advantage in WLAN systems with 
a cellular-like infrastructure but its impact in terms of system capacity would be limited by legacy issues. Furthermore 
the use of many different radio systems within the current licence exempt WLAN bands means that IC would have to 
cope with many types of interference making it potentially unfeasible. 

Broadcast Four separate broadcast scenarios have been considered: Analogue/Digital switchover, cross-border 
interference, application to DVB-T and DVB-H based networks. The most promising use of IC in broadcast 
applications is thought to be in allowing improved co-channel re-use in DVB-T networks. Although this may require 
retro-fitting receivers with IC equipment, it is thought that this only needs to be done at a relatively small number of 
locations (at the edge of coverage) to achieve some benefit. DVB-H also has potential for IC to improve spectral 
efficiency, again through allowing frequencies to be re-used more often, either reducing the spectrum required or 
allowing more content within the same spectrum. Depending upon the take-up of DVB-H there is a significant 
economic benefit, and no legacy issues. However provision for IC must be in the standard for it to have any impact 
upon spectral efficiency and this may be difficult given the relative maturity of the standard. 

3 LINK LEVEL PERFORMANCE 

3.1 FIXED LINKS 

Cross-polar interference cancellation (XPIC) is an established technique used in Fixed Links operating with co-
channel dual polar transmission. In XPIC a cross-coupled transversal filter is used to perform cancellation of 
interference from the cross-polar signals. An extension of this principle has been examined for cancelling interference 
from other sources. By using a second sensing antenna pointed towards the interferer it is possible to achieve 
cancellation of the interfering signal and operate the link even at low signal to interference ratios. The IC technique 
examined in the full report is an extension of the Decision Feedback Equaliser to handle multiple transmitted signals 
with multiple receive antennas. Simulations have been performed for a two signal, two receive antenna DFE and a 
two signal, single receive antenna DFE. Results have shown that although some performance gain can be obtained 
through single antenna IC for high level QAM signals it is not significant and gains are confined to much higher signal 
to noise ratios than the typical minimum signal to noise ratio in normal operation. 

In Fixed Link applications it is likely that not just a single interferer will be present, but several interfering signals, 
particularly where there is a high density of links. The susceptibility of the IC technique to handling more than a single 
interfering signal has also been examined. Simulation results for the case where there are two interferers but the 
receiver is only configured for a single interferer are shown in Figure 1 for different ratios of the dominant to remainder 
of interference (D/R) as a function of Signal to Interference ratio (S/I). 
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Figure 1 Bit Error Rate Performance of 2 Antenna IC Receiver for Fixed Links with Multiple Interferers  

The results of Figure 1 show that the IC equipped receiver can still provide some performance improvement even with 
relatively high levels of other interferers which are not accounted for in the received signal model used when 
constructing the receiver signal processing algorithm. The type of IC algorithms investigated in this work have also 
been demonstrated to yield gains when the interference occurs on the link axis, so no antenna discrimination occurs. 
This is important in achieving an IC technique that will operate with few restrictions on use.  

3.2 BFWA 

The OFDM variant of IEEE802.16 for operation below 11GHz has been examined for the BFWA scenario. Link level 
simulations were performed with both omnidirectional and directional (sectorised) antennas using the Stanford SUI 
channel models, which have been developed for BFWA applications. One, two and four receiver elements have been 
considered. Two IC algorithms have been examined: one only uses knowledge of the wanted signal preamble and is 
referred to as the Single User (SU) algorithm. The other algorithm examined utilises knowledge of all user signals and 
is referred to as the Multi-User (MU) algorithm. 

The simulation results shown below in Figure 2 plot throughput against Signal to Interference Ratio (C/I) for different 
channel coding and modulation modes and compare sectored and omnidirectional antennas for both single user and 
multi-user algorithms. The example shows results for the SUI-4 channel, a standard channel model used for BFWA 
applications, with dispersion in both time and azimuth. 
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Figure 2 Throughput versus Signal to Interference Ratio for Different Receiver Configurations 

The results of the simulations have shown that IC achieves the largest performance improvement with omni-
directional antennas and high degrees of scattering in the channels, whereas at the other extreme with directional 
antennas and low degrees of scattering in the channel performance improvements are much less. 

4 NETWORK LEVEL PERFORMANCE 

4.1 FIXED LINKS 

The network level simulations to study the impact of IC in Fixed Link applications has made use of the assignment 
database for the 7.5GHz band, which was supplied by Ofcom. Rather than use the whole database, it was agreed 
with Ofcom that only the 28 MHz links within 200km of Charing Cross would be considered for reassignment as this 
covers the highest concentration of links. However, additional interfering links were considered within 400km of 
Charing Cross. The locations of the links are shown in Figure 3. 
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Figure 3 Existing 155Mb/s Links within 200 and 400km of Charing Cross. (Red Links are Vertically Polarised 
while Blue Links are Horizontally Polarised) 

Using the current frequency assignment criteria used by Ofcom, links were re-assigned in random order with, firstly, 
the current interference requirements and secondly, assuming IC was included in the receiver with a relaxation of the 
current interference constraints based upon the link level simulation results. To illustrate the benefits of IC the channel 
re-use factor (defined as the ratio of the number of links in a particular channel when IC is used to the number of links 
in a particular channel when IC is not used) is plotted in Figure 4 for each of the channels in the lower of the two sub-
bands in the 7.5 GHz frequency band. 



      
      

Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the title page of this document 
72/06/R/038/U        Page 13 of 22 

      

 

  

Figure 4 Channel Re-use Factor versus Carrier Frequency for Assignment With IC 

The assignment algorithm attempts to allocate using the lowest frequency channel first and this explains the reduction 
in channel re-use with increasing frequency. For the lowest frequency channel, re-use has increased by a factor of 
1.7, so IC has allowed more assignments to be made at this frequency. The total number of links in the band does 
remains the same so that increases in channel use at the lower end of the band results in reduced channel use at the 
higher end of the band. 

To demonstrate that more links can be added with higher frequency re-use when using IC a further exercise was 
performed. In addition to the existing links, new links were created between existing sites, and frequencies assigned 
to these links. Once again, assignment of the new links was performed both with and without IC. The channel re-use 
factor versus frequency channel is shown below in Figure 5 when the number of links is increased by a factor of 3. 
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Figure 5 Channel Re-use Factor versus Carrier Frequency for Assignment with IC (Factor of 3 Increase in 
Number of Links) 

After adding more links the results of Figure 5 show that the re-use factor reduces slightly to 1.6 for the lowest 
frequency channel, but is now flatter across the band. It should be stressed that assignments can be made without IC, 
but the extent of channel re-use is still greater with IC. Although not proven by this exercise it is thought that IC will 
also allow new assignments to be made once a frequency band becomes congested. 

4.2 BFWA 

The network level simulation for the BFWA scenario considered the city centre of Bristol. The location of Customer 
Premises Equipment (CPEs) and affiliation to Base Stations (BSs) is shown in Figure 6. In the figure locations of 
CPEs and BSs are overlaid on a terrain map of Bristol city centre. 

 

Figure 6 Location of Base Stations and Customer Premises Equipment 
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The simulation uses a ray-tracing model to generate channel impulse responses for each of the paths between the 
BS transmit antenna(s) and the CPE receive antenna(s). With the set of channel impulse responses from the ray-
tracing model a link level simulation was executed to determine the throughput for that particular set of channel 
impulse responses. The whole process was repeated a sufficient number of times to allow averages of the throughput 
seen by each CPE to be obtained. Although computationally intensive, this approach avoided the difficulties in 
attempting to abstract the physical layer model when, as in this situation, the throughput is very dependent on the 
spatial and temporal variation of the wanted and interfering signals. More accurate results are obtained using this 
method than when physical layer modelling is performed independently from the system level modelling using 
abstractions of the physical layer in the system level model. 

In Figure 7 the contours of the throughput achieved over the coverage area of the central base station (marked with a 
blue triangle) are shown for the downlink with no IC in the upper plot and with IC in the lower plot. In the plots CPE 
locations are marked by a blue asterix and interfering BS locations by a green triangle. Corresponding plots for the 
uplink are shown in Figure 8. 
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Figure 7 Example of Downlink Throughput-Coverage Maps With and Without IC  
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Figure 8 Example of Uplink Throughput-Coverage Maps With and Without IC  

The throughput coverage maps shown in Figure 7 and Figure 8 are for omnidirectional elements, where the largest 
gains from IC are obtained. The gain in throughput relative to the case without IC on the uplink and downlink, for 
omnidirectional antennas and directional antennas is summarised in Table 1. The ranges given reflect the use of 
different algorithms and number of antennas at the BS or CPE. 

 Downlink Uplink 

Omni 2.5-8.6 1.7-11.1 

Directional 1.3-1.9 1.3-3.5 

Table 1 Summary of BFWA Relative Throughput Gains with IC 
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5 COST ANALYSIS 
For both the Fixed Link and BFWA case studies cost models were developed including the cost of additional 
hardware, the cost of installation, the cost of site rental and running costs. Costs have been projected over a five year 
period, with all capital expenditure occurring in the first year. To model the variation in equipment costs three sets of 
costs were developed: Low, Typical and High. In order to model the various deployment scenarios, for example fitting 
a new system, or performing a degree of retro-fitting, three scenarios were considered: Conservative, Moderate and 
Aggressive. A deployment mix taking different percentages of the Low, Typical and High equipment costs was then 
developed. The deployment mix for the Fixed Links case study is shown in Table 2: 

Deployment Scenario Equipment 
Cost 

Conservative Moderate Aggressive 

Low  40% 20% 10% 

Typical  60% 70% 50% 

High  0% 10% 40% 

Table 2 Deployment Mix for Fixed Links Cost Estimates 

AS an example, for the Conservative scenario the cost model takes 40% of the Low Equipment Costs and 60% of the 
Typical Equipment Costs. 

5.1 FIXED LINKS 

Introducing IC in a Fixed Link network will always result in additional cost, but these costs will vary depending upon 
the extent of retro-fitting, tower rental costs, etc. and these are reflected in the different scenarios. Costs depend on 
the proportion of links fitted with IC in a network of links. Two sets of figures are given in Table 3, one assuming 100% 
of the links are fitted with IC equipment, and another assuming only a single link is fitted with IC. 

Deployment 
Scenario 

100% of Links in 
Network 

Single Link 

Conservative 30% 11% 

Moderate 37% 40% 

Aggressive 45% 48% 

Table 3 Cost Increase for Fixed Links due to Support of IC 

5.2 BFWA 

Introducing IC in a BFWA system allows (for a given throughput) a higher capacity to be achieved with fewer base 
stations. Thus the increase in cost of the CPE equipment can be offset by the reduction in the number of base 
stations required. The system level simulation results have shown that IC approximately doubles the capacity of a 
single base station. If one base station with IC serves 50 CPEs, then to serve the same number of CPEs (at the same 
average throughput per CPE) two non-IC BSs are required. Using the cost model developed for BFWA an example of 
how IC can lead to a saving in overall equipment costs is shown in the Table 4. 
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Scenario 1xBS + 50xCPEs 
(with IC) 

2xBSs + 50xCPEs 
(without IC) 

Saving 

Conservative £108k £179k 40% 

Moderate £127k £190k 33% 

Aggressive £147 £201k 27% 

Table 4 Infrastructure Cost for BFWA with and without IC 

 

6 REGULATORY ISSUES 

6.1 FIXED LINKS 

Given the extra costs involved in deploying IC there is currently no market led incentive to do so until assignments in 
a band or operator preferred sub-band cannot be made without the application of IC. Large operators prefer to 
minimise their range of spares by reducing the frequency range over which their links operate. If assignments cannot 
be obtained in these preferred sub-bands then the extra cost of maintaining spares for a new frequency band or new 
sub-band could offset the extra cost of IC. Regulatory intervention could be used to encourage the adoption of IC 
techniques within Fixed Links and could be either incentive or disincentive based. An example of an incentive based 
policy is the relaxation of link length policies, by allowing links shorter than the minimum path length, provided the 
equipment uses IC. An example of how this might operate in practice is shown in Figure 9 below, where the existing 
long link will cause interference to the shorter link (which is operating with a low EIRP), but the shorter link is 
equipped with IC so this interference can be tolerated. The shorter link would not cause interference to the existing 
link because of its lower EIRP. 

 
TX FH 

RX FL 

TX FH 

RX FL 

TX FL 

RX FH 
TX FL 

RX FH 

 

Figure 9 Example of Frequency Re-use in-Between Existing Link 

Other methods to encourage the adoption of IC, involving regulatory intervention, that have been examined in the 
report include: 

• Introducing a Technology Factor in the Pricing Formula 

• Congestion Charging – i.e. penalising non-IC equipped links in areas with high link densities 

• Reducing W/U Ratios 

Alternative approaches involving a lighter touch regulatory involvement could be to allocate sub-bands to operators 
who pay per MHz rather than on a per link basis, encouraging operators to minimise the amount of spectrum used. 
Assignments within the sub-band would then be left to the operator. 
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6.2 BFWA 

There is limited scope for the regulator to encourage the uptake of IC in BFWA systems except when auctions of 
licences for new spectrum occur. Here, the regulator can perhaps mandate the use of IC in the licence conditions, or 
simply put less spectrum up for auction forcing operators to adopt IC in their business plan to gain the same revenue 
from less spectrum. If the economic value of the licence is the same to the operator, and less spectrum is used 
through the use of IC equipment, then the price per MHz is increased. 

6.3 GENERAL 

The major benefit of IC is in permitting more systems to use existing spectrum with more flexibility for future change. 
These benefits are likely to be most significant in congested spectrum. It is possible that spectrum may be released 
for new applications and while some indications of spectrum value are available, this project has not attempted to put 
a financial value on spectrum efficiency gains. 

Regulatory involvement is not always necessary for IC to be introduced as the two case studies have shown. In the 
Fixed Links scenario IC could permit new assignments to be made in congested bands whereas in the BFWA 
scenario there is a potential for reducing initial roll-out costs. In these two cases the benefits apply only to new links or 
new systems being installed. Where existing systems are in place regulatory involvement may be necessary to allow 
spectrum to be released, for example in the Broadcast and Radar bands there is considerable scope for IC 
techniques to permit this, but no benefit to the incumbent for introducing them. 

7 CONCLUSIONS 
The following is the complete set of conclusions from the study provided in the full report. 

7.1 FIXED LINKS 

In applying IC to Fixed Links the following conclusions have been drawn: 

• Single antenna IC does not provide sufficient gain for high level QAM signals to warrant the complexity of 
implementation 

• Dual antenna IC can provide significant performance improvements using techniques akin to those used for 
cross-polar IC (XPIC) that are already commonly used in co-channel co-polar links 

• The presence of other interferers will limit the extent of performance improvements that can be obtained 
using dual antenna IC 

• Using the Ofcom database for 7.5GHz assignments the use of IC has been shown to improve the re-use of 
the lower channels by up to 1.7 times 

• The majority of interference is on or close to the link axis 

• The increased cost of adding IC is between 30% and 45% if all links are equipped with IC 

• IC can permit an assignment to be made in a congested frequency band, or allow assignments to continue to 
be made within an operator preferred sub-band 

7.2 BFWA SYSTEMS 

In applying IC to BFWA systems the following conclusions have been drawn: 
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• Directional elements provide an effective interference avoidance measure, but full coverage and near-
maximum throughput cannot be obtained through sectorisation alone 

• The largest relative gain in throughput was obtained with multi-user algorithms and omnidirectional antennas 

• Throughput gains through IC are reduced with directional antennas at the CPE, but the combination of 
directional elements and IC offers high coverage and high throughput performance 

• Transmit diversity offers little benefit on the downlink and greater benefits on the uplink 

• For a given installed capacity, IC can lead to infrastructure cost savings of between 27% and 40% 

7.3 GENERAL 

Drawing general conclusions on the application of IC is a difficult exercise when these conclusions are applied over a 
wide range of systems, and in some cases the following conclusions may not apply to a particular system, and are not 
to be taken as a generalisation. 

• Introducing IC into an existing system with a deployed base of receivers is difficult because the benefits of IC 
are often proportional to the number of receivers equipped with IC 

• Probably the way in which IC can achieve the maximum benefit is where an existing technology is to be 
deployed in a new band (for example new 3G bands) and mandating IC removes the legacy issues. 
Implementation and deployment of IC for an existing technology is more feasible than in a very new 
technology where development effort will be concentrated on basic features 

• New technologies should consider the introduction of IC at some point in the system’s lifetime and ideally, if 
technology permits it, at an early stage 

• Market forces can lead to the adoption of IC in new deployments, but regulatory involvement is thought to be 
necessary for adoption of IC in existing deployments 

Conclusions applying to each of the systems examined in this report are: 

• Cellular Already demonstrated in GSM, but not taken up in the UK. Would be most effective for new bands 
where existing technology is introduced 

• BFWA Cost savings to be made during roll-out of BFWA networks in urban environments because a 
reduced number of base station sites will be required to achieve a given throughput 

• Fixed Links The benefit of IC is thought to be in allowing new assignments to be made in congested bands. 
Legacy issues will prevent the full benefit of IC to be obtained in the near term 

• Radar There is potential for the use of IC to improve band sharing with radar. However, legacy issues will 
hinder short-term spectral efficiency gains 

• Broadcast There is potential for IC to improve co-channel re-use in DVB-T and DVB-H systems. Applying IC 
to DVB-T would require the retro-fitting of a fraction of the existing receivers. The number of receivers 
required to be retro-fitted is thought to be restricted to the fringes of coverage although this has not been 
verified in this study 

• WLAN Protocols used in WLAN applications limit the benefits that IC can provide. In WLAN systems with 
cellular-like infrastructure ‘Hidden Terminal’ problems could be overcome by the use of IC 
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