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SUMMARY  

Roke Manor Research Ltd (Roke) has been tasked by WiMAX Forum to develop 

interpretations of the results of the Draft ITU -R Report M.2113 -1 [Ref 2]  that  deals with 

sharing issues in the 2.5 ï 2.69  GHz band between the UMTS FDD and WiMAX TDD systems. 

The goal of the performed work has been to provide an interpretation that would help 

regulators to define clear coexistence and licensing agreements for their  specific situations.  

Conclusions regarding the coexistence issues and possible interference suppression 

measures,  dependant on the values for the system parameters and scenarios adopted in 

[Ref 2]  and in this analysis, are:  

¶ In terference between the b ase station s in the two systems is the worst scenario, and 

the one where most of additional interference isolation has to be acquired;  

¶ Coexistence in adjacent channels (i.e. without a guard band) is possible if special 

measures are applied. Specifically, one of the interfering channels has to be declared 

restricted, with limited base station transmit power, and antennas deployed below 

the rooftop level or indoors (micro and pico base stations);  

¶ Co- location of the interfering macro BS  requires sufficient isolation between them. 

This can be achieved through a combination of frequency separation (of one 5  MHz 

channel), RF channel filtering at the base stations and careful site engineering in 

order to achieve sufficient isolation between the antennas.  

¶ When interfering base stations are not co - located , an element of spatial isolation 

between the interfering BS  can be beneficial . Distances of around 250  m or more are 

expected  to be sufficient in macro BS scenarios similar to the one analysed  in ITU -R 

Report M.2113, [Ref 2] .  

¶ For non -collocated base stations that use multiple antennas, part of the required 

additional isolation can in many cases come from beamforming.  



   

   

 
Use, duplication or disclosure of data contained on this sheet  is subject to the restrictions on the title page of this document  

Page 4 of 71      72/08 /R/ 088 / R 
   

¶ Some MS -MS interference is unavoidable in all si tuations. However, this effect is of a 

transient nature, can potentially affect a small number of users , and is to some 

extent alleviated by the measures that need to be applied to enable coexistence 

between the base stations.  

¶ Coordination between the oper ators that might be involved in mutual interference  is 

advisable,  as they are best placed to coordinate their frequency plans and actions in 

order to mitigate the problems.  

¶ Severity of coexistence problems depends on frequency: coexistence is easier to 

sol ve in the 3.5  GHz band, while in the UHF band becomes extremely challenging. 

This is mainly due to the dependence of path loss on frequency, and can be at least 

partially solved with the use of appropriate coexistence measures, such as high 

quality RF chan nel filtering.  

The report also gives an overview of the current standardisation activities in Europe relevant 

to the subject of FDD ï TDD co existence.  
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1  INTRODUCTION  

This  report describes work performed by Roke Manor Research Ltd (Roke) for the WiMAX 

Forum in developing interpretations of the  results of the Draft ITU -R Report M.2113 -1 [Ref 

2]  specific to WiMAX. The goal of the proposed work is to provide an interpretation that will 

help regulators to define clear coexistence and licensing agreements for their speci fic 

situations. The output of the work is a Technical Report to be published on the WiMAX 

Forum Regulatory Portal website, formulated to augment the information already available 

at the Portal, and a separate Working Paper containing our key recommendation s.  

The problem of coexistence between the radio systems that either share the frequency band 

or operate in adjacent bands is not new; all radio systems face coexistence problems to a 

certain extent, and need appropriate measures to address them. However, a presence of 

TDD and FDD broadband wireless access systems providing mobile services to users can 

potentially pose some unique challenges to coexistence that need to be addressed.  

This report details the work carried out by Roke Manor Research in addressi ng the issues of 

WiMAX TDD and UMTS  FDD coexistence, in response to the WiM AX Forum RFQ [Ref 25] . The 

work is broken down into the following six  sections :  

¶ Section 1: Introduction. This section . 

¶ Section 2: Impact of co - existence  environment.  The objective of this section is 

to interpret the results of the ITU -R sharing studies between WiMAX and other IMT -

2000 systems given in [Ref 2]  and [Ref 26] , in terms that address the  issues of 

interest to regulators. The interpretation is intended to augment the information 

already available on WiMAX Forum Information Portal.  

¶ Section 3: Mitigation techniques.  This section investigates mitigation techniques 

that could potentially allev iate some of the co -  existence  interference scenarios 

identified in Section 2. Efficiency of these techniques are given in qualitative terms.  

¶ Section 4: Sensitivity analysis.  This section focuses on the sensitivity analysis of 

the practical improvements gained when using the proposed mitigation techniques 

identified in Section 3 . Taking into account  the variation of results given in [Ref 5] . 

The sensitivity is expressed in qualitative terms, indicati ng robustness of the 

described mitigation techniques.  

¶ Section 5: Standardization and regulatory activities  in Europe .  The objective 

of this section  is to produce a brief overview of  the current state of standardis ation  

activities in Europe relevant to the questions of coexistence between WiMAX and 

other IMT -2000 systems. The work is limited to ETSI standardization activities and 

ECC work in Project Team 1 (PT1) and in relation to WAPECS.  

¶ Section 6: Impact of frequency.  The objective of this work package is to produce 

a qualitative assessment of the extent to which conclusions on mitigation techniques 

(WP2 and WP3) are relevant to other frequency bands. The work is limited to the 

3.5  GHz band and the upper part of the UHF band that will be released with a 

switchover to digital TV broadcasting (the ñdigital dividendò). 

The report also contains a list of references and acronyms. A discussion of the use of block 

edge masks as means of facilitating the coexistence between the TDD and FDD systems is 

given in the Ap pendix.  
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2  IMPACT OF CO -EXISTENCE ENVIRONMEN T 

2.1  I NTRODUCTION  

The 2500 -2690 MHz  band (2.5  GHz band in the following text) is one of several bands 

identified by the International Telecommunication Union (ITU) for possible use  for systems 

based on International M obile Telecommunications (IMT) technologies . The two main 

candidate technologies for this band are UMTS (including the Long Term Evolution, LTE), 

and WiMAX (IEEE 802.16e). These, are, however, based on different dup lex techniques: 

UMTS predominantly uses f requency division duplex (FDD) , while WiMAX is based on time 

division duplex ( TDD) . This brings forward the important question of coexistence.  

Coexistence of TDD and FDD ï based mobile cellular networks in the same  frequency  band 

and in the same geographic al area presents a considerable challenge due to the high 

probability of mutual interference and the resultant performance loss the coexisting systems 

can suffer . However, when t he question of TDD ï FDD coexistence was addressed before , 

e.g.  in [Ref 1]  and elsewhere , it was mainly in relation to UMTS FDD coexisting with UMTS 

TDD in the 2  GHz band. Recently the focus of attention has shifted to the coexistence of 

UMTS FDD with WiMAX TDD , as shown e.g. in [Ref 2] , [R ef 3] .  

The discussions in this section are based mainly on the results of the ITU work given in the 

Draft ITU -R Report M.2113 -1, [Ref 2] . The report gives an exceedingly thorough 

exam ination of the coexistence issues between UMTS FDD and WiMAX TDD sharing a 

common geographical service area (the document also looks into the MMDS systems, but 

this is not the subject of this study). The report [Ref 2]  is, howe ver, quite verbose  and 

requires considerable effort on the part of the reader to comprehend fully.  

It should be noted that the Report M.2113 -1 has addressed the fixed and nomadic WiMAX 

systems. As the issue of coexistence in mobile scenarios is a subject o f ongoing studies at 

the time of writing of this report, the underlying assumption adopted in this section is that 

the results for nomadic systems given in [Ref 2]  are sufficiently representative to be used in 

coexistence analy sis for mobile TDD systems as well.  

A major goal of the work performed in this section is to impart a clear understanding of the 

mechanisms involved in the coexistence issue. I t is important for the system planner to 

have a clear grasp of the issues and ef fects, rather than just having tables of figures to work 

with. Bringing clarity to the complex issue of coexistence is our main objective . 

The approach taken in this study follows the traditional ñcompatibility and sharing analysisò 

method, as described in  Draft CEPT Report 019  [Ref 4]  Section 4.4.1, Model 1.  This 

approach is based on the regulated minimum technical performance parameters which all 

equipment suppliers are obliged to meet. Adopting the minimum technical standards  for the 

study can lead to unduly pessimistic isolation margins . Therefore, the ITU Report [Ref 2]  has 

followed the analytical results with results of statistical analysis that leads to the modeled 

system performance averaged o ver the population of users.  

Our study mandate as outlined in [Ref 5]  constrains us to use the equipment parameters 

defined in  [Ref 2] , effectively isolating our study from the vicissitudes of the m arket.  
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2.2  2.5  GHZ BAND USAGE 

Selection of potential TDD -  FDD interference scenarios in the 2.5  GHz band is dependant on 

how the band is divided into TDD and FDD blocks. The initial approach to the division of the 

2.5  GHz band is given in the Decision (05)05  [Ref 6]  of the Electronics Communication 

Committee (ECC) . This document divides  the 2.5  GHz band into two FDD blocks, an uplink 

and a downlink, each 70  MHz wide, with 50  MHz of spacing between them that can be used 

for TDD sys tems . The ECC Decision (05)05 also defines a channel arrangement across the 

band, based on 5  MHz channels.  

TDD and FDD blocks, channels, interference sources and victims for both FDD ï TDD and 

TDD ï FDD boundaries  are illustrated in Figure 1. 
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Figure 1  ï TDD ï FDD block boundaries and interfering equipment  

More recent ly,  the  Decision of the European Commission (EC) 2008/477/EC  [Ref 27]  has 

called for  neutrality in regard to technology that can be deployed in the 2.5  GHz band, and 

for flexibility in dividing the spectrum between the TDD and FDD technolog ies. One possible 

way this flexibility can be achieved is shown in  Figure 2. 
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MHz

FDD uplink block TDD block FDD downlink block TDD block

2500 2620 2690

120 MHz

50+5×n MHz

(A) (B) (C)

2570-5×n 2690-5×n

5×n MHz

 

Figure 2  ï One possible division of the 2.5  GHz  band  in to TDD and FDD  blocks  

As shown in  this figure , it is expected that the individual national regulators will divide the 

190  MHz of spectrum betw een 25 00  MHz and 269 0 MHz into up to four adjacent frequency 

blocks. In each block, only FDD or TDD operation will be permitted , at least initially. The 

FDD uplink block will begin at 25 00  MHz, while the FDD downlink block  will begin at 

262 0 MHz. Spacing b etween the paired FDD channels (uplink -downlink) will be 120  MHz. 

The block of frequencies between the FDD uplink and downlink is expected to be dedicated 

to the TDD systems. This block will be 50  +5n MHz wide , where ñnò is the value that will 

control the division of the 2.5  GHz band between the TDD and FDD technologies. Where  ñnò 

can be 0, 1, 2é, reflecting the 5 MHz channel  plan . The value of ñnò > 0 will also result in 

another, smaller TDD block at the upper edge of the 2.5  GHz band . This block is needed  in 

order to preserve the 120  MHz uplink ï downlink duplex spacing in the FDD.  

The exact frequencies of the boundaries (A) and (C) between FDD and TDD frequency blocks 

in Figure 2 are therefore not fixed , and may differ from one c ountry to another . Moreover, 

the split between the FDD and TDD spectrum may potentially change over time, if the 

market preference for one of the candidate technologies over another is different from the 

initial assumption made by the regulator . 

It can be seen from Figure 2 that, due to the proposed 2.5 GHz frequency allocation plan  up 

to three boundaries can exist between the FDD and TDD blocks. These boundaries  are :  

¶ (A): a boundary between the FDD uplink block and TDD block;  

¶ (B):  a boundary between the TDD block and FDD downlink block; and  

¶ (C): a boundary between the FDD down link block and TDD block.  

At each boundary there can potentially be channels at either side of the boundary that 

belong to two different operators, wanting to  provide broadband wireless access (BWA) to 

the same population of mobile users in the same geographical area. Each operator will 

deploy a cellular network based on the duplex technolog y prescribed by channel plan , so 

one could  deploy a WiMAX TDD network and the other could  deploy a UMTS FDD (or its 

evolved variant, the Long Term Evolution, LTE)  network . Such a scenario can easily lead to 

active transmitters and receivers of the two disparate systems being close in both frequency 

and space, causing interfer ence to each other, and leading to coexistence issues.  The 

severity of these coexistence issues depends on the :  

¶ Scenario in question :  is the interference happening between the  two BS s, between 

the two MS s, or between the BS and MS ? 
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¶ Frequency separation: ar e the two interfering systems at the TDD ï FDD boundary 

adjacent (the 1 st  channel issue) or is there at least a 5  MHz gap between them (the 

2nd  adjacent channel and beyond)?  

¶ Spatial separation: are the interference source and victim collocated, or separate d in 

space?  

The effects of mutual interference in TDD -  FDD coexistence scenarios are often 

asymmetric; in other words, one system will suffer more from mutual interference than the 

other. For example, an FDD MS operating at the boundary  A in  Figure 2 can potentially 

strongly interfere with a nearby TDD BSôs reception , thus affecti ng all TDD users in that 

sector.  At the same time, other FDD users may be quite unaffected by the TDD BSôs 

interference, assuming they are sufficiently f ar from the  TDD BS. This means that the 

operators of the two systems may not feel the same urgency to implement interference 

mitigation measures, and that the regulator may need to impose some measures (or 

incentives) in order to set up fair conditions for  all operators.  

The question of mutual interference is not limited to systems at the TDD ï FDD boundary. 

Similar coexistence problems are faced when operating  co-existing unsynchronised TDD 

systems. Co -existing FDD systems can also cause mutual interferenc e through the so-called 

near - far problem. These issues, however, have been present in the cellular networks for 

some time.  

2.3  EQUIPMENT CHARACTERISTICS  

The main radio equipments that participate in various coexistence scenarios are:  

¶ UMTS FDD BS (Macro/Micro/P icocell)  

¶ UMTS FDD MS 

¶ WiMAX ( IEEE 802.16e )  TDD BS  

¶ WiMAX TDD Fixed SS  

¶ WiMAX TDD Nomadic SS  

The following table s, from  [Ref 2] , show the values of important parameters that affect the 

TDD ï FDD coexistence feasibility.   
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UMTS FDD  CDMA - DS  

 Macrocell BS  Microcell BS  Picocell BS  MS  

Graphic  

 

 

 

 

 

 

 

 

 

 

Max Tx power  +43 dBm  +38 dBm  +24 dBm  +21 dBm  

Antenna gain  17 dBi  5 dBi  0 dBi  0 dBi  

Max Tx EIRP  +60 dBm  +43 dBm  +24 dBm  +21 dBm  

Antenna height  30 m  6 m  1.5 m  1.5 m  

ACLR1 @ 5MHz  45  dB 33 dB  

ACLR2 @ 10MHz  50 dB  43 dB  

ACS1 @ 5MHz  46 dB  33 dB  

ACS2 @ 10MHz  58 dB  43 dB  

Rx NF  5 dB  9 dB  

Rx noise BW  3.84 MHz  

Table 1  ï UMTS FDD Equipment  
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WiMAX TDD  

 BS  Fixed SS  Nomadic SS  

Graphic  

 

 

 

 

 

 

 

Max Tx power  +36 dBm  +24 dBm  +20 dBm  

Antenna gain  18 dBi  8 dBi  3 dBi  

Max Tx EIRP  +54 dBm  + 32 dBm  +23 dBm  

Antenna height  30 m  4 m  1.5 m  

ACLR1 @ 5MHz  53.5 dB  37 dB  33 dB  

ACLR2 @ 10MHz  66 dB  51 dB  

ACS1 @ 5MHz  70 dB  40 dB  

ACS2 @ 10MHz  70 dB  59 dB  

Rx NF  3 dB  5 dB  

Rx nois e BW  4.5 MHz  

Table 2  ï WiMAX TDD Equipment  
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2.4  I NTERFERENCE SCENARIOS  

In TDD ï FDD coexistence investigation, there are four interference scenarios to be 

considered. These scenarios depend on whether a base station ( BS)  or mobile stat ion ( MS) 

is a source or victim of interference , and are illustrated in Figure 3. 

1

4

3

2
2

3

 

Figure 3  ï Fo u r key interference scenarios  

The four interference scenarios are:  

1.  BS is both a s ource and a victim of interference (BS ï> BS)  

2.  MS is a source, BS is a victim (MS -> BS);  

3.  BS is a source, MS is a victim (BS -> MS); and  

4.  MS is both a source and a victim (MS -> MS)  

These four interference scenarios are ordered roughly by their criticality, according to the 

results given in [Ref 2] . The most critical scenario is BS -> BS interference, as it is relatively 

static (i.e. persists for a long period of time) and affects a large number of users , potentially 

all the users  of both systems that interfere with each other. The MS -> BS interference is 

seen as less critical, because it is more transient (i.e. can appear only when an active 

interfering MS is close to a victim BS), but it can still potentially affect a large numb er of 

users the victim BS is serving. In the BS -> MS interference scenario, the population of 

affected users is relatively small (only the users close to the offending BS), but the effect is 

persistent in terms of spatial location (a ñblind zoneò may exis t a round an interfering BS). 

Finally, in the MS -> MS scenario, the number of users affected is small (potentially, only 

two), the effects are local and transient, and there is at least one available straightforward 

solution to mutual interference: the int erfering users have to move away from each other.  

For each of the four interfering scenarios, there are two possible directions of interference:  

¶ UMTS FDD is the source of interference, WiMAX TDD is the victim (FDD -> TDD); and  

¶ WiMAX is the source, UMTS is the victim (TDD -> FDD).  
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As shown in  [Ref 2] , the two radio access technologies may have different level s of 

vulnerability in mutual interference scenarios , caused e.g. by the different adjacent channel 

selectivity (ACS) . The impact of inter -system interference can also be expressed differently 

in UMTS and WiMAX systems: it may cause capacity loss in UMTS and modulation efficiency 

loss and increased outage rate in WiMAX.  

Finally, different BS deployment scenarios also have an in fluence in inter -system 

coexistence scenarios, mainly due to the different transmit powers, antenna gains , 

deployment scenarios and associated path losses associated with them . The three BS 

deployment scenarios discussed in [Ref 2]  are:  

¶ Macro BS, in rural / suburban environments, with antenna masts above the 

surrounding buildings and hence generally free space propagation losses to 

interference victim receivers ;  

¶ Micro BS, typical for dense urban deployments, with antennas below rooftops, with 

lower transmit powers and additional shadowing loss towards victim receivers ; and  

¶ Pico BS, deployed indoors , with lowest transmit powers and additional wall 

penetration losses in most cases . 

2.5  KEY COEXISTENCE FACTORS 

The issue of coexistence of two dissimilar (FDD and TDD) systems can be seen as dependant 

on a set of key factors that influence the mutual interference in different scenarios. These 

factors are illustrated in the following Figure.  

EIRP
Lpath

GRx

ACIR
IPC

LI

  

Figure 4  ï Key factors affecting int e r - system interference  

The key factors are:  

¶ Transmit Effective Isotropic Radiated Power (EIRP) ;  

¶ Path loss (L path ) ;  

¶ Receive antenna gain (G Rx) ;  

¶ Adjacent Channel Interference Ratio (ACIR) ;  
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¶ Additional interference su ppression (L I) ; and  

¶ Interference Protection Criteria (IPC)  

The following inequality containing the above factors has to be satisfied, if the two 

interfering systems are to successfully coexist:  

 ( )dBmIPCLACIRGLEIRP IRxpath ¢--+-  (1)  

The interpretat ion of the individual parameters is given in the following text.  

2.5.1  EIRP 

The EIRP is a s um (in decibels) of the transmit power and transmitter antenna gain  towards 

the victim  receiver . Maximal EIRP is often limited by the appropriate standards for different 

classes of transmit equipment that participate in the interference scenarios. The possible 

measures to reduce the interfering EIRP are to  

¶ Reduce the Tx power ;  

¶ Reduce the Tx antenna gain towards the victim  receiverôs antenna. 

Often, however, these measures conflict with the coverage requirement; i.e. reduction of 

the transmit power can lead to a reduction of cell range.  

2.5.2  PATH LOSS 

This is perhaps the most complex issue for coexistence studies, reflecting the diversity of 

the environment. This is an area where  considerable simplification can be made at the 

expense of some loss of accuracy. However, this is felt necessary due to the heavy burden 

of detailed radio propagation planning in any given deployment scenario.  

From ITU -R Report [Ref 2] , the free -space pathloss at 2 .6 GHz is quoted as  

()dL freespace 10log.207.40 +=  in dB, where d  is in metres, corresponding to  

ö
÷

õ
æ
ç

å
=

l

pd
L freespace

.4
log.20 10  in dB.  

A more comprehensive model is provided in ITU -R Rec. P -452 -12  [Ref 28] , Equation 9.  

For the statistical simulations of [Ref 2] , a simple dual -slope model was used for LOS 

propagation between Basestations at 2.6  GHz:  
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= , units in mete rs.  
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A more general form of the dual -slope model is é 

( )

( ) ( )í
ì
ë

>-

<
=-

breakbreak

break

BSBS
dddd

ddd
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,/.4log.20/.4log.40

,/.4log.20

1010

10

lplp

lp
 (3)  

where 
2

..4
/

l
l rxtx

break

hh
d =  

In an e xample for UMTS BS to WiMAX BS interference scenario,  

mhh rxtx 30== , m1153.0=l , kmdbreak 2.31=  

The free -space propagation loss at this break range is 130.6dB.  

For this study, the ITU -R Rec. P.452 -12 semi -empirical LOS model is considered to be too 

complex for rough coexistence planning.  

2.5.3  RECEIVE ANTENNA GAIN  

This parameter is the antenna gain of the receiver that is the victim of interference, 

expressed in decibels, towards the source of interference .  

Since what is important is the gain in the direction of the interference source, interference 

suppression me asures rely on reduction of the victim antenna gain in that direction, e.g. by 

increasing antenna down tilt , using site engineering to position the antenna so a null in the 

radiation pattern will point towards the interference source, etc.  

2.5.4  ADJACENT CHANNEL I NTERFERENCE RATIO (ACIR)  

The ACIR is the  main factor that affects the ability of two systems to co -exist without 

causing excess interference to each other. For two coexisting systems, the ACIR is a 

combination of  

¶ Adjacent channel selectivity (ACS)  of the  victim receiver, that describes how good ( or 

selective) the victim receiver is , and  

¶ Adjacent channel leakage ratio (ACLR) of the offending transmitter,  describ ing  how 

good (band - limited) the interfering transmitter is .  

Possible measures to improve ACIR  are :  

¶ Improve ACS , using an additional Rx filter;  

¶ Improve ACLR , using a more linear power amplifier, using more amplifier back -off, 

installing an additional Tx filter , etc.  

¶ Increase the guard band  width between the interfering and the victim  system;  

Transmit  ACLR and receiver ACS linear power ratios are combined to form ACIR :  
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Illustration of the relationship between the ACLR, ACS and ACIR is shown in Figure 5 for a 

situation where a WiMAX  BS is interfering with a UMTS BS.  

Interferen

ce caused 

by ACLR

Frequency

FDD BW

UMTS BS Rx

Guard band

-53.5dB (ACLR1)

-66dB (ACLR2)

WiMAX BS Tx

Interferen

ce caused 

by ACS

 

TDD BW

 
-46dB (ACS1)

-58dB (ACS2)

ACIR
  

Figure 5  ï Impact of ACLR and ACS on int er - system interference  

Note that where there is a large difference between ACLR and ACS, the weaker of the two  

tends to domin ate . In most important BS ï BS interference scenarios, it is usually ACLR that 

dominates over ACS , so coexistence enabling measures can primarily be found in the area of 

ACLR improvement. This is discussed in more detail in Section 3. 

2.5.5  I NTERFERENCE PROTECTION CRITERIA (IPC)  

Interference protection criteria (IPC) defines how much interference is allowed to be present 

at the victim receiver input. It is generally accepted that interference is acceptable if it does 

not degrade the v ictim system performance below a certain threshold, e.g. 5% of capacity 

loss , or 3 dB of E b/N 0 degradation. The most common measure is 1  dB increase in the victim 

receiver noise floor, caused by interference that is 6  dB below the thermal noise. This is 

defined as IPC 6 and calculated as  

( ) ( )dBmNFBWTkIPC sys 6..log.10 106 -+=  (5)  

Where BW is the receiver nose bandwidth, NF is the noise figure, and kT sys  is -174  dBm/Hz. 

Other often used values are IPC 10 , where interference is 10  dB below the noise floor an d 

increase in victim receiver noise is close to 0.5  dB. Available m easures to increase IPC  are, 

among others :  

¶ Accept higher interference (more degradation) , or  

¶ Suppress interference in the receiver (e.g. adaptive interference cancellation) . 
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2.6  EXAMPLES OF I NTER-SYSTEM I NTERFERENCE SCENARIOS  

Some examples of different interference scenarios, cases are illustrated in the following sub 

sections . The examples also give the calculated isolation (includes path loss and other loss 

factors) for the interference protec tion criteria of 10  dB, IPC 10 .  

2.6.1  FDD MACRO BS ->  TDD  MAXRO BS SCENARIO 

In this example, we consider a WiMAX TDD BS receiver  operating in 2610 -2615 MHz , and an 

UMTS FDD Macrocell BS transmitter operating in 2620 -2625 MHz (DL01), on a carrier 

frequency of 2622 .5 MHz. The two systems are separated by a 5  MHz guard band, as 

illustrated below.  

DL01 DL02 DL03

IMT-2000 FDD DL802.16e TDD

2620 2625 2630 2635 MHz

261526102605 2620 MHz

Continuous Transmit

TDD Receiver

+60dBm EIRP

(+43dBm+17dBi)

hTX = 30m AGL

ACLR2 = 50 dB

hRX = 30m AGL

RXgain = 18 dBi

BW = 4.50 MHz

NF = 3.0 dB

ACS2 = 70 dB

IPC = -114.5 dBm

DL01 DL02 DL03

IMT-2000 FDD DL802.16e TDD

2620 2625 2630 2635 MHz

261526102605 2620 MHz

Continuous Transmit

TDD Receiver

+60dBm EIRP

(+43dBm+17dBi)

hTX = 30m AGL

ACLR2 = 50 dB

hRX = 30m AGL

RXgain = 18 dBi

BW = 4.50 MHz

NF = 3.0 dB

ACS2 = 70 dB

IPC = -114.5 dBm

 

Figure 6  ï WiMAX TDD BS as victim (TX = FDD Macrocell BS)  
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The interference level plan for this scenario is given in Figure 7. 

 

Figure 7  ï Levels: TDD BS as victim (TX = FDD Macrocell BS)  

In this scenario, we require isolation of 142 dB on the UMTS FDD transmit signal in order to 

meet the interference protection criteria ( IPC)  of the WiMAX TDD BS receiver  of 10  dB below 

the noise floor . If that amount of isolation is to be achieved through path loss only on 

channel DL01 (2622.5 MHz), a radio path  loss of 142 dB would require a separation of 61.7 

km , which is well beyond the  dual -slope break - range of 31.5 km based on TX and RX 

antenna heights.  

Clearly, in this case the isolation requirement can be reduced by improvements to the UMTS 

FDD Macrocell BS TX ACLR2 (50 dB), e.g. by using additional transmit filtering, by improving 

PA linearity, by careful antenna beamforming, or by a combination of methods.  
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2.6.2  UMTS MS AS VICTIM (TDD  MACRO BS ->  FDD MS)  

In this example, we consider a UMTS FDD MS receiver on channel DL01, and a WiMAX TDD 

BS transmitter operating in 2610 -2615 MHz, on a car rier frequency of 2612.5 MHz.  The two 

systems are separated by a 5  MHz guard band, as illustrated below.  

DL01 DL02 DL03

IMT-2000 FDD DL802.16e TDD

2620 2625 2630 2635 MHz

261526102605 2620 MHz

TDD Transmit

FDD Receivers

+54dBm EIRP

(+36dBm+18dBi)

hTX = 30m AGL

ACLR2 = 66 dB

hRX = 1.5m AGL

RXgain = 0 dBi

BW = 3.84 MHz

NF = 9.0 dB

ACS2 = 43 dB

IPC = -109.1 dBm

DL01 DL02 DL03

IMT-2000 FDD DL802.16e TDD

2620 2625 2630 2635 MHz

261526102605 2620 MHz

TDD Transmit

FDD Receivers

+54dBm EIRP

(+36dBm+18dBi)

hTX = 30m AGL

ACLR2 = 66 dB

hRX = 1.5m AGL

RXgain = 0 dBi

BW = 3.84 MHz

NF = 9.0 dB

ACS2 = 43 dB

IPC = -109.1 dBm
 

Figure 8  ï UMTS FDD MS as victim (TX = TDD BS)  

The interference level plan for this scenario is given in Figure 9. 
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Figure 9  ï Levels: FDD MS as victim (TX = TDD BS)  

In the above illustration, the  isolation was adjusted to 120  dB, in order to meet the receiver 

IPC limit ( -109  dBm). At the transmit c arrier frequency of 2612.5  MHz, this loss represents 

3.83  km  range between the TDD Basestation and the FDD MS. Since this range is greater 

than the dual -slope break - range of 1.57  km derived from the antenna heights, the path  loss 

at this range increases at  12 dB/octave range.  

Note that in the level graphic, the 43  dB ACIR2 is ascribed to the unwanted signal path, 

whereas ACIR2 is predominantly a function of the weak UMTS FDD MS RX ACS2.  
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2.6.3  UMTS FDD PICO BS AS VICTIM (TDD  MS ->  FDD PICO BS)  

In this next example , a UMTS FDD Picocell BS receiver on channel UL14, and an WiMAX 

Nomadic SS transmitter operating in 2575 -2580  MHz, on a carrier frequency of 2577.5 MHz  

is considered . The two systems are separated by a 5  MHz guard band, as illustrated below.  

2555 2560 2565 2570 MHz

258025752570 2585 MHz

FDD Receiver

IMT-2000 FDD UL

UL12 UL13 UL14

802.16e TDD

TDD Transmit

hRX = 1.5m AGL

RXgain = 0 dBi

BW = 3.84 MHz

NF = 5.0 dB

ACS2 = 58 dB

IPC = -113.1 dBm

hTX = 1.5m AGL

ACLR2 = 51 dB

+23dBm EIRP

(+20dBm+3dBi)

2555 2560 2565 2570 MHz

258025752570 2585 MHz

FDD Receiver

IMT-2000 FDD UL

UL12 UL13 UL14

802.16e TDD

TDD Transmit

hRX = 1.5m AGL

RXgain = 0 dBi

BW = 3.84 MHz

NF = 5.0 dB

ACS2 = 58 dB

IPC = -113.1 dBm

hTX = 1.5m AGL

ACLR2 = 51 dB

+23dBm EIRP

(+20dBm+3dBi)

 

Figure 10  ï UMTS FDD Picocell BS as victim (TX = TDD Nomadic SS)  

The interference level plan for this scenario is given in Figure 11 . 
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Figure 11  ï Levels: FDD Picoc ell BS as victim (TX = TDD Nomadic SS)  

In this scenario, isolation of 86  dB on the 802.16e TDD transmit signal  is required  in order 

to meet the IPC 10  of the CDMA -DS FDD BS receiver. At 2577.5  MHz, to achieve that isolation 

through path  loss of 86 dB would require a separation of 0. 12 km , which is outside the dual -

slope break - range of 0.08 km based on TX and RX antenna heights.  

2.7  RESULTS OF THE ANALYSIS  

Coexistence between the UMTS FDD and WiMAX TDD for the scenarios and coexistence 

cases described in the prev ious sections have been analysed in detail in [Ref 2] . Two 

methodologies used in this  analysis:  

¶ Deterministic approach, based on the development of interference link budgets for all 

relevant interference scenarios and cases, an d 

¶ Statistical approach, based on a series of Monte Carlo simulations of the same 

interference scenarios.  

A combination of the deterministic and the statisti cal analysis is often used in coexistence 

analysis work. The deterministic analysis is a good starti ng point, as it helps to assess the 

importance of individual factors, as well as the relative criticality of interference scenarios. 

However, the deterministic analysis by its nature focuses on the most pessimistic scenarios 

that may rarely appear in pract ice. For this reason, the deterministic analysis is often 

followed by a statistical analysis that looks into practical , changing interference scenarios . 
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Statistical analysis takes the probab ility of different interference cases  into account, and 

results in  the average performance of the  coexisting  systems.  

The key results of both the deterministic and statistical analysis performed in [Ref 2]  are 

highlighted in the following text, together with the key conclusions of the  work.  

2.7.1  DETERMINISTIC ANALYSI S 

Results of the deterministic analysis are expressed in terms of additional isolation that is 

required for the two systems to coexist. These tables are reproduced here (from  [Ref 2] )  for 

the BS ï BS interfe rence ( Table 3)  

Deployment scenario TDD base station Ý FDD base station  

Co-

sited  
100m  300m 500m  1km  

TDD 

macro/ 

FDD 

macro  

1st  adj chan  70.0  54.3 44.7  40.3  34.3  

2nd  adj chan  

58.0  42.3  32.7  28.3  22.3  

TDD 

macro/ 

FDD 

micro  

1st  adj chan  23.0 13.8 -4.3  -12.8  -24.2  

2nd  adj chan  

11.0 1.8  -16.3  -24.8  -36.2  

TDD 

macro/ 

FDD 

pico  

1st  adj chan  11.0  -3.1 -21.3  -29.7  -41.1  

2nd  adj chan  

-1.0  -15.1  -33.3  -41.7  -53.1  
Deployment scenario FDD base station Ý TDD base station  

Co-sited 100m  300m  500m  1km  

TDD 

macro/ 

FDD 

macro  

1st  adj chan  78.0  62.3  52.7  48.3  42.3  

2nd  adj chan  

73.0  57.3  47.7  43.3  37.3  

TDD 

macro/ 

FDD 

micro  

1st  adj chan  26.0  16.8  -1.3  -9.8  -21.2  

2nd  adj chan  

21.0  11.8  -6.3  -14.8  -26.2  

TDD 

macro/ 

FDD 

pico  

1st  adj chan  0.0  -14.1  -32.3  -40.7  -52.1  

2nd  adj chan  

-5.0  -19.1  -37.3  -45.7  -57.1  

Table 3  ï Additional isolation for BS - > BS interference  

The results for BS ï BS interference are presented as a function of the offset between the 

base stations be longing to the two interfering systems , in terms of excess interference 

isolation required for the two systems to coexist . The cases where the excess isolation is 

negative (the greyed cells in Table 3) are the situations where the re is sufficient isolation 

and coexistence is possible. The underlying assumption is that the UTMS FDD and WiMAX 

TDD will provide coverage using a similar cellular structure with three sectors and cells of 

the same size , as shown in Figure 12 . There can be an offset between the two overlaid 
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cellular networks, which is equal to the minimal separation between the two interfering BS s 

belonging to two systems. The results of Table 3 are shown as a function of that offset.  

Network BNetwork A

D

 

Figure 12  ï Two overlaid cellular networks with an offset  

Results for BS ï MS interference and MS ï MS interference cases are given in Table 4 and 

Table 5, respectively.  

Deployment 

scenario  
 

Fixed SS 

=> FDD 

base 

station  

FDD 

base 

station 

=> 

Fixed SS  

Nomadi

c SS => 

FDD 

base 

station  

FDD 

base 

station 

=> 

Nomadi

c SS  

FDD 

mobile 

station 

=> TDD 

base 

station  

TDD base 

station 

=> FDD 

mobile 

station  

TDD macro/ 

FDD macro  

1st  adj 

chan  
30.1  45.1  23.3  39.3  22.3  32.3  

2nd  adj 

chan  
16.1  35.1  6.3  29.3  12.3  22.3  

TDD macro/ 

FDD micro  

1st  adj 

chan  
56.2  66.2  43.2  54.2  22.3  32.3  

2nd  adj 

chan  
42.2  56.2  26.2  44.2  12.3  22.3  

TDD macro/ 

FDD pico  

1st  adj 

chan  
54.3  46.3  58.3  55.3  22.3  32.3  

2nd  adj 

chan  
40.3  36.3  41.3  45.3  12.3  22.3  

Table 4  ï Additional isolation for BS < - > MS interference  (from [Ref 2] )  
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Fixed SS => 

FDD 

mobile 

station 

FDD 

mobile 

station => 

Fixed SS 

Nomadic 

SS => FDD 

mobile 

station 

FDD 

mobile 

station => 

Nomadic 

SS 

1
st
 adj chan 53.3 53.3 57.3 59.3 

2
nd

 adj chan 42.3 43.3 45.3 48.3 

Table 5  ï Additional isolation for MS - > MS interference  (from [Ref 2] )  

The results of the deterministic study show that:  

¶ Additional isolation in the 1 st  adjacent channel is higher then in the 2 nd  adjacent 

channel;  

¶ The Macro BS -> BS interference scenario generally has the highest coexistence 

requirements; this is an ad ditional reason to consider this the most challenging of the 

coexistence scenarios;  

¶ For the adopted values of coexisting system parameters, there is generally 50 to  

60  dB of additional isolation required in the 1 st  adjacent channel, and 40 to 60 dB in 

the 2nd  adjacent channel  for UMTS FDD and WiMAX TDD systems with system 

parameters given in Section 2.3  to successfully coexist . This additional isolation has 

to be achieved through some additional interference mitigation technique s ( as 

discussed in Section 3)  

To put this result  in perspective, a similar amount of additional isolation also exist in FDD ï 

FDD coexistence scenarios. This is illustrated in the following Table (from  [Ref 2] ).   

Deployment 

scenario 
 

FDD 

mobile 

station => 

FDD base 

station 

FDD base 

station => 

FDD 

mobile 

station 

FDD macro 
1

st
 adj chan 21.3 39.3 

2
nd

 adj chan 11.3 29.3 

FDD micro 
1

st
 adj chan 41.2 54.2 

2
nd

 adj chan 31.2 44.2 

FDD pico 
1

st
 adj chan 56.3 55.3 

2
nd

 adj chan 46.3 45.3 

Table 6  ï Additional isolation for FDD BS < - > FDD MS interference (from [Ref 2] )  

Comparing the values of additional interference isolation required in FDD ï FDD interfe rence 

scenarios ( Table 6) with the TDD ï FDD scenarios ( Table 4) it can be seen that the similar 

values of missing isolation exist in both systems.  
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2.7.2  I MPACT OF MICRO AND PICO BS DEPLOYMENT 

The values of mi ssing interference isolation for successful TDD ï FDD coexistence given in 

Table 3 also address the issue of interference between the macro  BS on one side , and micro 

or pico BS on the other . The results are  summarised in Figure 13 . 
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Figure 13  ï Required additional isolation, micro and pico BS case  

Figure 13  shows that the worst case of excess interference appears in the scenarios with 

macro BS deployments . The micro and pico deployments have much lower level s of excess 

interference, and that excess interference decreases more rapidly with distance between the 

BS in dissimilar systems.  

It should be noted that the results of the deterministic analysis report ed in [Ref 2]  address 

the TDD macro ï FDD micro / pico coexistence scenarios. It is assumed here that these 

results are equally valid for cases where FDD is a macro station, while TDD is a micro / or 

pico station.  

2.7.3  STATISTICAL ANALYSIS  

The statistical approach looks at the performance loss in both UMTS FDD and WiMAX TDD 

when they are interference victims. The measures used are:  

¶ Capacity loss in UMTS FDD, and  

¶ Modulation efficiency loss and outage rate in WiMAX TDD.  

The analysis sh ows that the BS -> BS scenario is the worst case  

Repeated simulat ion with increased margins show  that the extrapolation of results is 

possible , and this approach is used in Section 3 of this report .  
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The results of the statistic al analysis are expressed in terms of additional isolation, required 

between the components (BS or MS) of the two interfering systems in order for performance 

loss in the victim  system to be within the acceptable bounds. The acceptable bounds for this 

perf ormance loss are selected in [Ref 2]  as:  

¶ UMTS FDD capacity loss: 5%  

¶ Link outage happens at : target Eb/ N0 -  0.5  dB 

¶ WiMAX TDD average modulation efficiency loss: 5%  

¶ WiMAX frequency reuse scheme: 1x3x3.  

Reported simulation results  of simulations in  [Ref 2]  show that the reuse scheme of 1x3x1 is 

around 5  to 8 dB more resilient to interference. This means that the required additional 

isolation can be reduced by 3 dB , as discussed in Section 3. 

The results of the statistical analysis and simulations given in [Ref 2]  are summarised in 

Figure 14 . 
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Figure 14  ï Required additional isolation  

The Figure 14  shows the required additional isolation between the two interfering systems, 

i.e. UMTS FDD and WiMAX TDD, as a function of the offset between the two cellular 

deployments. It can be seen that, by far, the additional isolation is  dominated by isolation 

between the BS in the two interfering systems. This short fall in  isolation can be as high as 

62  dB for two collocated BS s, and is then exponentially reduced with increasing separation. 

The missing isolation is highest in the first channel (i.e. when two interfering systems 

operate in the adjacent channels, at either side of the block boundary), and it is 

approximately 5  dB lower in the 2 nd  channel (i.e. with one guard band between the two 

interfering systems).  
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Other interference sce narios practically need very small amount s of additional isolation. The 

exception is interference caused by WiMAX MS to UMTS BS, caused mainly by the lower ACS 

of the UMTS BS, and only in the 1 st  adjacent channel scenario; additional isolation required 

her e is 4  dB.  A similar situation exists  with UMTS MS to WiMAX MS, where 3 to  6 dB of 

additional isolation is required.  

In the case of the BS -> MS scenario, no additional isolation is required.  

2.8  CONCLUSIONS  

In conclusion,  the impact analyses of WiMAX TDD ï UMTS FDD coexistence are :  

¶ BS ï BS interference is by far the worst interference scenario, and the one where 

most of additional inter -system interference isolation has to be acquired ;  

¶ Required additional isolation in the 1 st  adjacent channel is of the order o f up to 6 6 dB 

in the case of the collocated macro BS, this falls down to 40 ï 45 dB for BS offset by  

200 ï 300  m in a macro deployment case ;  

¶ Required additional inter -system interference isolation is approximately 5 dB higher 

in the 1st  adjacent channel compared to the 2 nd  channel , which shows that these two 

cases need to be treated separately.  

Additional isolation in B S ï BS scenarios helps to alleviate other problems in scenarios 

involving MS, through power control (i.e. A MS do es not need to ramp up the  power in order 

to overcome excess interference from the coexisting dissimilar system). Therefore, once 

TDD BS ï FDD BS interference is solved, most other interference scenarios also become 

benign (e.g. in terms of less than 5% capacity loss in UMTS FDD).  
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3  MI TIGATION  TECHNIQUES  

3.1  I NTRODUCTION  

Coexistence between TDD and FDD broadband wireless access ( BWA)  cellular networks or 

between two un coordinated TDD networks that provid e service to the same population of 

mobile users can be very challenging , due to the m utual (inter -system) interference. The 

amount of required additional isolation  between the two systems  is of the order of 60  dB for 

the worst case interference scenario  (TDD macro BS ï FDD macro BS) . In this section, some 

of the i nterference mitigation tec hniques that can be used to provide this additional isolation 

are discussed.  

The two key techniques that are expected to provide most of the required additional 

isolation between the TDD and FDD systems in practical situations are:  

¶ Improved ACIR through linearization of the power amplifier (PA) and improved RF 

filtering , and  

¶ Additional isolation between the BS antennas  of the two interfering systems.  

When these two key techniques are not sufficient, t here are also additional interference 

mitigation techniqu es operator s may decide to use. These additional techniques are , among 

others,  

¶ Frequency reuse scheme  

¶ Increased down - tilt ;  

¶ Antenna c ross -polarization ;  

¶ Use of advanced antenna  systems;  

¶ Antenna beam -pattern alignment ; and  

¶ Mobile handover .  

A system operator could  combine several techniques from this list to achieve sufficient 

combined isolation  between interfering systems . The choice should be made based on the 

suitability  of each individual technique to a particular BWA implementation, in terms of 

equipment c apability, deployment scenario, target quality of service, etc.  

If the proposed mitigation techniques are not sufficient because of extremely strong excess 

interference, or they are not appropriate in a specific case, the operator of a system that is 

a vic tim to interference may decide to accept a small increase in the interference level.  

In all situations where there is a risk of mutual interference between the coexisting systems , 

coordination between the operators of mutually interfering networks has a p otential to 

provide benefits to all parties involved . 
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3.2  BLOCK BOUNDARY AND CRITICAL CHANNELS 

As shown in Section 2, severity of the problem of coexistence between base or mobile 

stations  in two disparate BWA networks covering the  same area depends on the frequency 

separation between the interfering transmitter and the victim  receiver . This , in turn, 

depends on the distance of the transmitter or the receiver ôs operating channel from the 

closest edge of the block dedicated to a part icular duplex  technology ( TDD or FDD) . The 

channels that require special attention are the two channels closest to a TDD ï FDD block 

boundary, Figure 15 . (E xpected division of the 2.5  GHz band to FDD and TDD blocks was 

discussed i n Section 2.2 ).  

Frequency
1

st
 adjacent 

channel

FDD TDD

2
nd

 adjacent 

channel

1
st
 adjacent 

channel

2
nd

 adjacent 

channel

 

Figure 15  ï FDD and TDD channels potentially involved in mutual interference 

scenarios  

Generally, it is the operators that own the 1 st  and 2 nd  adjacent chan nel to a TDD ï FDD block 

boundary that may suffer inter -system interference and may have to consider additional 

interference suppression measures. These measures are discussed in the following text.  

In the current channel  plan defined for the 2. 5 GHz band each channel is 5 MHz wide , and 

the following discussions are addressing the UMTS FDD and WiMAX TDD systems with 5  MHz 

wide channels . The conclusions , however,  also hold for wider channels, e.g. 10 or 20  MHz, in 

terms that the two channel s closest to the b lock boundary at either side are critical and 

require special attention . Effects of different channel bandwidths are further analysed in 

Section 4. 

3.3  POWER AMPLIFIER LINEARIZATION  

Reduction of unwanted emissions of a transmitter in the adjacent channels is potentially an 

important technique to provide additional isolation between the interfering transmitter and a 

victim receiver. The reduction of adjacent channel leakage becomes even more important in 

a situation where the adjacen t channel is used by a nearby receiver using a disparate duplex 

technology. An example may be an FDD transmitter operating at a TDD ïFDD boundary, 

where adjacent channel belongs to a TDD receiver, as shown in Figure 15 . 

The level of unwanted emissions in an adjacent channel is defined as an adjacent channel 

leakage ratio (ACLR), and is specified in appropriate standards and other relevant 

documents, e.g. ITU -R Recommendations M.2116 [Ref 7] , M.1580 -1 [Ref 8]  and M.1581 -1 

[Ref 9] . The typical ACLR values for UMTS and WiMAX equipment are given in Table 1 and 

Table 2, respectively, and are not suffi cient in inter -system interference scenarios, as 

already shown in Section 2. 

The achievable ACLR values depend on the characteristics of the transmit chain of the 

interfering receiver. The dominant component of this chain is th e power amplifier (PA), 

whose non - linearity can cause spectral re -growth, i.e. appearance of the 3 rd  and 5 th  order 

intermodulation components that fall into the 1 st  and 2 nd  adjacent channel.  
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The spectral re -growth caused by compression of the PA is illust rated in  Figure 16  using the 

UMTS FDD spectrum as an example . The figure shows both the simulated ideal UMTS 

spectrum ( the line marked ñlinearò in Figure 16 ) and distorted spectrum when the PA is 

driven i nto saturation ( the ñ1dB Comp ò in the same figure ) .  It can be seen from this figure 

that compression may lead to a significant rise of adjacent channel  emissions . In practice, 

the PA will be operated with some back -off that would put the adjacent channel l eakage 

below the required leakage mask ( the ñTx maskò in Figure 16 ).  
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Figure 16  ï UMTS Spectra v ACLR and Emission Masks  

It can be seen from Figure 16  that the difference between  the UMTS FDD ACLR mask (45  dB 

in the 1 st  adjacent channel, Table 1) and the actual spectrum of the ideal UMTS waveform 

potentially leaves a lot of room for PA linearity improvement. A similar situation is with 

WiMAX, but to a les ser extent, because of the already tighter ACLR requirements.  

There are many forms of PA linearization; some of the more commonly used techniques are  

¶ Feed- forward amplification with phase equalization;  

¶ Vector modulator correction; and  

¶ Digital pre -distortio n.  

More detailed description s of PA lineari zation techniques are  given in [Ref 10]  and [Ref 11] .  

One possible PA solution with feed forward amplification is shown for illustration purposes in 

Figure 17 . 
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Figure 17  -  Conventional feed forward amplifier  

The amount of ACLR improvement that is achievable with advanced PA linearization 

techniques depend on how linear the PA already is before additional l inearization measures 

are implemented, what linearization technique is used , and whether the PA amplifies one or 

multiple carriers; generally, with an increase of the number of carriers handled by a single 

PA, improvements in ACLR become harder. Linearizat ion techniques that give better 

improvement also tend to be more demanding in terms of hardware cost and size, so they 

may be harder to implement in mobile or subscriber stations. An example described in ITU -R 

Report M.2045 [Ref 12]  gives 18  dB of ACLR impr ovement in the 1 st  adjacent channel and 

13  dB in the 2 nd  adjacent channel achievable through PA linearization.  

3.4  TRANSMIT FILTERING  

The adjacent channel isolation ratio (ACIR) is defined in Section 2.5.4  as a combination of 

the ACLR and the adjacent channel selectivity (ACS). Both are defined for transmitters and 

receivers operating in the adjacent channels and using the same duplex technology. In such 

situation, both the interference source and the v ictim operate in the same block of 

frequencies (e.g. both channels belong to a TDD block), so interference suppression caused 

by filtering comes mainly from IF and base band channelization filters.  

Additional suppression of adjacent channel interference can be achieved using single -

channel RF filters. Since such filters need to have a high Q factor, they are too bulky and 

expensive to be used in MS or SS equipment, and are only practical for base station (BS) 

equipment.  

A typical medium -power single -channel  UMTS Basestation transmit filter can have an 

insertion loss around 2 dB, 6 or 7-pole elliptic design, based on tuned -cavity and typically 

adjusted by hand. The transition band of such filter is of the order of 60  dB/MHz , with more 

than 60  dB of rejection in the stop -band.  

An RF single -channel filter can provide the 60  dB of additional isolation in the 2 nd  adjacent 

band, required for TDD ï FDD coexistence. It should be noted that single -channel RF filters 

imply one PA amplifier per RF channel. In a multi - channel implementation, some attention 

needs to be paid to proper design of a matching network between the single -channel filters 

and the antennas.  
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3.5  RECEIVE FILTERING  

In a similar way to transmit filtering, a dditional RX filtering can significantly improve 

ad jacent channel selectivity (ACS). Due to the filter size and cost, this is really only practical 

for BS s. 

Receive filters should be employed in conjunction with transmit filtering. In TDD systems, 

the same filter can perform the both Tx and Rx filtering ro les. In FDD base stations, the two 

filters are commonly combined into a single high -performance FDD diplexer unit.  

3.6  OPERATIONAL RESTRICTIONS FOR MICRO AND PICO BS 

One of the measures to reduce the amount of interference a BS generates  is to limit the 

transm it power or EIRP . For example, the BS EIRP can be limited to 25  dBm  /  5 MHz down 

from 61  dBm  /  5 MHz typical for macro BS  [Ref 27] . A channel in which a regulator only 

allows operation of BS s with an EIRP significantly lower th an usual is considered restricted . 

By restricting the ma ximal EIRP of an interfering BS  severity of interference caused by that 

BS is also significantly reduced.   

Reduction of the transmit power has significant implications on the use of the restricted 

cha nnel. Such a significant reduction of the EIRP means that the cell or secto r range is 

significantly reduced . For this reason, restricted channels are seen as more appropriate for 

micro base station deployment, with BS s covering a street block in a densely populated 

urban environment, or a pico BS s deployed indoors. Antennas for micro BS are typically 

mounted below the roof level, and pico BS are deployed indoors, which means that 

shadowing and building penetration loss provides additional protection from an d to the 

coexisting system. Micro and pico BS deployments also imply use of antennas with less gain 

(e.g. an omni indoor antenna).  

A combination of the lower transmit power and additional shadowing and building 

penetration losses  means that coexistence pr oblems between the micro / pico BS s on one 

side, and macro BS s on the other, are much easier to solve. For this reason, restricted 

channels may be the practical solution for coexistence between systems operating in 

adjacent channels (the 1st  adjacent chann el case shown in Figure 15 ) .  

Defining a channel as restricted can potentially limit the deployment options for the 

operator; therefore, the operator has to be aware of the potential of a channel being 

restricted before applying fo r a license . The operation of the restricted channel together with 

a non - restricted 1 st  adjacent channel may mean that the BS has to suffer increased 

interference from MS s operating in an adjacent channel and associated to a macro BS. Such 

MSs can come clo se to the restricted pico BS while transmitting with high power needed to 

overcome an indoor penetration loss and reach the distant macro BS. This means that the 

allocation of the restricted channels has to be done with caution, and in a technology -neutral  

manner; i,e, both TDD and FDD channels that are adjacent to a TDD ï FDD block boundary 

have to be treated as restricted.  

Typical BS EIRP that might be expected in a restricted channel can be of the order of 

25  dBm  /  5 MHz, which is a 36  dB reduction from 61  dB /  5MHz that might be allowed for a 

macro BS deployment  [Ref 27] . Reduction of adjacent channel leakage is expected to be 

somewhat less, as cost and size limitations may limit utilization of expensive RF filtering 

techniqu es in pico BS s. 
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3.7  I SOLATION BETWEEN THE COLLOCATED BS ANTENNAS 

Operators of the two cellular BWA networks often tend to co - locate the base stations. There 

is a number of practical reasons to do this. For example, there may not be many alternative 

locations t hat provide equally good coverage of the same area with easy access to the site 

and acceptable infrastructure costs; collocation of BS mitigate the near - far effect of adjacent 

channel interference between the BS and MS; collocated BS can use the same acces s 

network; etc. At the same time, as shown in Section 2.7  for a macro BS scenario, 

collocation needs the most additional isolation, i.e. up to 57  dB in the 2 nd  channel (it is 

assumed here that use of the 1 st  adjacent channel in  macro BS collocation is not practical).  

Isolation between the two co - located BS antennas can be as low as 30  dB; this value has 

been adopted for the analysis performed in the ITU -R Report M.2113, [Ref 2]  as discussed 

in Sectio n 2. Careful site engineering can provide additional isolation between the collocated 

antennas, and can go at least part of the way towards achieving the 57  dB of the missing 

additional isolation for the collocated TDD and FDD BS. As shown in ITU -R Report M.2045, 

Annex 2, [Ref 12] , by placing the two antennas on the same mast, and with careful 

coordination, isolation between the antennas can be improved by between 15 and 40  dB, for 

vertical separatio n of few metres between the antennas . 

It should be noted, however, that for BWA systems that rely on advanced antenna 

techniques, there may be four or eight antennas covering each sector for each BS. In the 

case of such multiple antenna installations, it m ay be impossible to achieve high isolation 

between all pairs of individual antennas belonging to two BS  that are mounted on the same 

tower structure . In such situations, the limit of additional isolation between the two antenna 

systems achievable in practi ce can be between 5 and 25  dB ( [Ref 12] ).  

Based on these discussions, it can be said that antenna site engineering alone is not 

sufficient to provide the required 57 dB of isolation between the antennas in the case of the 

collo cated mutually interfering BS. A significant isolation has to come from other measures, 

e.g. from the RF channel filtering.  

3.8  OFFSET IN CELLULAR NETWORK DEPLOYMENT 

In situations where co - location of mutually interfering BS is not feasible due to the 

insuffic ient mutual isolation, deployment of two interfering networks with an offset has to be 

considered. In such a scenario, the required additional isolation between the interfering BS 

has to come from the path loss between the two nearest BS s belonging to the two cellular 

networks.  

Impact of cellular network offset on missing isolation is discussed in Section 2.7 , and 

deployment of two cellular networks is shown in Figure 12 . It is shown there that the 

miss ing additional isolation between the two BS s is inversely proportional to distance, and 

comes down to around 30  dB in the 2 nd  adjacent channel for BS separation distances about 

250  m and greater. Impact of BS separation distance on performance loss has als o been a 

subject of statistical analysis reported in the ITU -R M.2113, [Ref 2] . The following text gives 

a summary of the results.  




