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SAIC Link level simulation model

1. Introduction

At the TSG GERAN #12 meeting it was agreed to initiate a work item for a feasibility study on Single Antenna Interference Cancellation (SAIC) in order to investigate the feasibility of introducing SAIC in GSM/EDGE mobiles. An important part of the feasibility study is to develop a realistic link level model to be used for the evaluation of the performance of SAIC capable mobiles. During the TSG GERAN #12 meeting it was agreed to analyze the interference received by mobiles in relevant SAIC network scenarios and use this information to develop the link level model. In this contribution such an analysis is done for GMSK carriers and GMSK co- and adjacent channel interferers in synchronized networks, other scenarios like asynchronous networks and 8PSK modulation are for further study. The analysis is done using dumps of received signal levels from a dynamical network simulator, which has been configured to operate in two different realistic SAIC network scenarios
. 

Compared to contribution [6] from the SAIC Workshop adjacent channel interference is now included in the analysis. Besides, to justify the need for exact modeling, a few performance figures for a SAIC solution tested using different link level models will be presented. 

2. Definitions

In GSM/EDGE the performance of the mobiles in interference limited scenarios have traditionally been evaluated for a single interfering signal at a high input level where the sensitivity performance of the mobile will have no or very little influence. This can be described by the conventional CIR (Carrier to Interference Ratio):
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where C is the power of the carrier, I the power of an interfering signal (co- or adjacent channel interference) and N0 the thermal noise. Although widely used, for evaluation this ideal one interferer situation happens very rarely in practice especially when the network is high loaded. When using e.g. AMR a high frequency load can be expected and consequently the mobiles will receive interference from a number of base stations at the same time. This can easily be introduced in the above definition of the CIR: 
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Ik can be both co- and adjacent channel interference (for the adjacent channel interference a realistic ACP (Adjacent Channel Protection) shall be used e.g. ACP=18dB). 

For a small number of interfering base stations the performance of a conventional receiver will be identical for the two definitions, but for a SAIC mobile the performance (interference cancellation capability) will depend upon the distribution of the interferer powers. An initial, simple measure of the distribution is the power of the rest of the interferers. The ratio can be described by the DIR (Dominant to rest of Interference Ratio):


[image: image4.wmf]0

max

max

N

I

I

I

DIR

k

k

+

-

=

å


where Imax is the dominant of the interfering signals (co- or adjacent channel interference). When only a single interferer is active, as in the standard interference test case in 45.005, then the DIR will be identical to the I/N0 of the received interfering signal. Although an earlier SAIC contribution [2] has demonstrated a considerable link level performance degradation for DIR values less than 5dB, it is still an open question, which DIR values mobiles typically will experience in practice. Another open question is how to model the rest of interference. In [2] the rest of interference simply was modeled as a second interfering signal whereas two interfering signals were used in [1]. A third method often used in the literature is simply to model the rest of interference as white noise. 

As discussed during the TSG GERAN #12 meeting the best way to investigate these two open questions is to analyze the interfering signals received by a mobile in typical SAIC network scenarios. Such an analysis will be done in section 4 using traces of data (received power level of carrier and of all interfering signals) dumped from a dynamical network simulator. 

3. System model

A short summary of the network model used in the analysis in section 4 is described in this section, a detailed description can be found in [4][5]. The analysis is based on a macro cell layout of a synchronized network consisting of 75 hexagonal cells each having a cell radius of 500 meters (23 tri-sector sites, two border sites with two antennas and two border sites with one antenna). When the mobiles are moving around this is done along straight paths but with a certain probability the mobiles can change their direction. The mobiles are distributed uniformly across the simulation area. 

Traces of data have been dumped for two different scenarios:

· Frequency hopping and power control case (RF hopping) where the network consists of a non-hopping BCCH TRx and 4 hopping TRxs (resulting EFL~25% for the hopping layer). The total bandwidth for the hopping layer is 2.4MHz. For this setup the BCCH TRx is blocked for traffic. The frequency reuse is 1/1 i.e. all 12 frequencies are used in the MA-list. 

· Non-hopping and without power control. Frequency reuse for this scenario is 4/12. To  some extent this could be similar to a BCCH layout but in this simulation full downlink transmission has not been used, i.e. the number of interferers is less than what can be expected on the BCCH carrier. 

The main simulation parameters can be seen in Table 1. The first scenario is chosen because it is considered as a realistic scenario when SAIC terminals are deployed in the networks. The second scenario reflects a typical reference scenario.

4. DIR analysis

In this section network simulations will be used to investigate the two open questions listed in section 2 i.e. which DIR values are realistic in practice and how DIR should be modeled in the link level simulations. This is done by observing the pdf and cdf of the DIR calculated from the traces of the data
 dumped in the network simulator using the layout described in the previous section. To avoid border effects the mobile used in the simulation is attached to a cell in the middle of the network. 

	Parameter
	Value
	Unit
	Comment

	Frequency Band
	900
	MHz
	

	Noise floor
	-111
	dBm
	

	Path loss exponent
	3.67
	
	

	Slow fading standard deviation
	6
	dB
	

	Slow fading correlation distance
	110
	m
	

	MS speed
	3.0
	km/h
	

	Average call length
	120
	s
	Minimum 1 seconds

	Speech codec
	AMR 7.4
	
	GMSK FR channel

	DTX Factor
	0.6
	
	

	Channel profile
	TU
	
	

	ACP
	18
	dB
	


Table 1 Simulation parameters.

4.1. Scenario 1 heavy loaded network

When SAIC terminals are deployed in the network the first scenario is considered as a typical setup to exploit the expected improvement in link level performance of SAIC terminals. The setup is a synchronized network using 1/1 reuse and an EFL~25%. 

In the analysis presented in this section both co- and adjacent channel interference is taken into account but the cochannel interference is the dominating factor especially at low CIR values. This is illustrated in Figure 1 where the cdf of the CIR is plotted both with and without adjacent channel interference. 

Using the traces of data dumped by the network simulator the DIR has been calculated in every burst. From these DIR values the pdf and cdf has been generated and can be seen in Figure 2 and Figure 3 respectively
. When adjacent channel interference is included in the calculation of DIR the observed DIR values are, as expected, reduced. For low DIR values the change is 1.5-2dB, which indicates that even though the main part of the interference will come from cochannels in this scenario adjacent channel interference needs to be taken into account as well. 

	[image: image5.emf]-5 0 5 10 15 20 25 30 35 40 45

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CIR cdf

CIR in dB

CIR cdf

Co- and Adjacent Channel

Cochannel



	Figure 1 CIR pdf for network scenario 1 (EFL~25%).
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	Figure 2 DIR pdf for network scenario 1 (EFL~25%).


	[image: image7.emf]-5 0 5 10 15 20 25 30 35 40 45

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DIR cdf

DIR in dB

DIR cdf

Co- and Adjacent Channel

Cochannel



	Figure 3 DIR cdf for network scenario 1 (EFL~25%).


In [6] a new measure called DIR2 (Second Dominant to rest of Interference Ratio) were introduced to investigate the validity of the simple two cochannel interferer model used in several SAIC contributions [1][2]. DIR2 is defined as:
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where Imax2 is the power of the second largest interferer. The DIR2 pdf and cdf, calculated from the same traces used to generate Figure 2 and Figure 3, can be seen in Figure 4 and Figure 5 respectively. 
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	Figure 4 DIR2 pdf for network scenario 1 (EFL~25%).
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	Figure 5 DIR2 cdf for network scenario 1 (EFL~25%).


Figure 4  and Figure 5 illustrate that the adjacent channel interference clearly influences DIR2 which is reduced more than 3dB. When adjacent channel interference is included the mobile will in practice not experience DIR2>15dB i.e. the second strongest interferer is not dominant to the rest of interference and noise. 

Consequently the simple model, using only two cochannel interferers to model all interference, previously proposed in TSG GERAN, does not reflect the interference situation in practice for a heavy loaded network. The analysis done in this section has been concentrated on bursts having CIR<10dB
 but studies have shown that the same can be concluded for bursts having a high CIR. 

During the SAIC Workshop 8th–9th January 2003 the delay of the interfering signal compared to the carrier was raised as an item that need to be considered. Clearly this is most pronounced in asynchronous networks but even in synchronous networks some delay will occur and it is expected that this can affect the cross correlation properties of the different training sequence pairs and thereby the achievable performance. To investigate this effect it is necessary to identify the delays occurring in practice. For the scenario investigated in this section the distribution of delays of the dominant interferer is plotted in Figure 6. The figure illustrates that in this configuration the dominant interferer is maximum 3.5 symbols delayed compared to the carrier but in a majority of the bursts the delay is less than 2.5 symbols. 
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	Figure 6 Delay of dominant interferer in network scenario 1.


4.2. Scenario 2 Non-hopping carrier

The second scenario investigated is the interference situation for no frequency hopping and no downlink power control. 

Compared to scenario 1 the inclusion of adjacent channel interference in scenario 2 has a clear impact on the analysis especially at high CIR values. This can be seen in Figure 7, which illustrates that without the adjacent channel interference the conclusion would be that the mobile was sensitivity limited in some bursts, but in practice these bursts are limited by adjacent channel interference. 
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	Figure 7 CIR pdf for network scenario 2.


The inclusion of adjacent channel has also a high influence of the DIR, which can be seen in the pdf and cdf plotted in Figure 8 and Figure 9 respectively. Clearly these two figures demonstrate that although a single interferer is dominating in most bursts the inclusion of adjacent channel interference has reduced the DIR significantly. E.g. DIR<5dB will happen in approximately 20% of the bursts while this very seldom occur without taken adjacent channel interference into account. Likewise due to the adjacent channel interference only approx. 10% of the bursts have a DIR>20dB compared to more than 50% of the bursts when only cochannel interference and thermal noise are included in the analysis. 
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	Figure 8 DIR pdf for network scenario 2.
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	Figure 9 DIR cdf for network scenario 2.


The DIR2 pdf and cdf are plotted in Figure 10 and Figure 11 respectively. Like for the network scenario 1 the DIR2 for scenario 2 clearly demonstrates that the second strongest interferer is not dominant compared to the rest of interference and noise especially when adjacent channel interference is taken into account. Consequently as for network scenario 2 the simple model, using only two interferers to model DIR, does not reflect the interference received by the mobile. 
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	Figure 10 DIR2 pdf for network scenario 2.
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	Figure 11 DIR2 cdf for network scenario 2.


Like it was done in section 4.1 the delay distribution of the dominant interferer has been calculated and can be seen in Figure 12. The delay distribution has a clear peak around 2 symbols delay. This is because frequency hopping is not used in this scenario i.e. in most of the time the interference will come from a particular base station. 
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	Figure 12 Delay of dominant interferer in network scenario 2.


5. Performance vs. modeling

In this document and in the SAIC discussion in TSG GERAN it has been stated that a precise link level model is needed in order to demonstrate realistic SAIC gains. Unfortunately no performance figures have yet been presented to confirm this claim. In this section a few performance plots for a SAIC solution will be presented to verify that the link level gains of SAIC will depend upon the actual modeling of the cochannel interference. 

First the ideal SAIC link level performance for TCH/FS on two different channels (TU3 noFH and TU50 noFH) is illustrated in Figure 13 and Figure 14
. The ideal SAIC link level performance is referring to the cochannel interference test case used today in 45.005 where the interfering signal is a random signal GMSK modulated
. Compared to a standard receiver compliant to the specification the demonstrated SAIC link level performance gain is larger than 10dB (FER).
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	Figure 13 Ideal SAIC link level performance TCH/FS (TU3noFH).
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	Figure 14 Ideal SAIC link level performance TCH/FS (TU50noFH).


Although these results are very encouraging the used test scenario is unrealistic because DIR=( and as it has been demonstrated in this document this never happens in practice. 

A pessimistic but still much more realistic DIR value in practice would be DIR=0dB. 

When simulating realistic DIR values one problem is how to model the interference. Most of the performance results reported to TSG GERAN for realistic DIR values have assumed a simple model using two cochannel interference signals (see e.g. [2]). The same simple 2 cochannel interferer model has been used in Figure 15 and Figure 16. Compared to the ideal SAIC scenario the performance is clearly degraded but the link level performance (FER) is still 6-7dB better than the current 45.005 requirement. 
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	Figure 15 SAIC link level performance TCH/FS (TU3noFH). 

DIR=0dB modeled as two cochannel interfering signals.
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	Figure 16 SAIC link level performance TCH/FS (TU50noFH). 

DIR=0dB modeled as two cochannel interfering signals.


Finally the performance of the SAIC receiver is tested in a setup where DIR=0dB is modeled using 4 cochannel interferers. Half of the total interfering power is assigned to the dominant interferer (P1=1/2Ptot) and the rest is equally assigned to the three remaining interferers (P2=P3=P4=1/6Ptot). The performance of the SAIC receiver in this scenario can be seen in Figure 17 and Figure 18. Compared to the simple model used in Figure 15 and Figure 16 the performance is degraded 1.5-2dB but still approximately 4dB link level gain is possible compared to the current 45.005 specification requirement. 

In this section different performance plots for a SAIC solution have been demonstrated and clearly the achievable link level gain will decrease when low DIR values are used but degradation can be expected when more interfering signals are included in the link level simulation model. 
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	Figure 17 SAIC link level performance TCH/FS (TU3noFH). 

DIR=0dB modeled as four cochannel interfering signals.
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	Figure 18 SAIC link level performance TCH/FS (TU50noFH). 

DIR=0dB modeled as four cochannel interfering signals.


6. Conclusion

The investigation presented in section 4.1 and 4.2 clearly indicates that the modeling of interference for SAIC is rather complicated but in section 5 it was shown that the modeling will affect the link level gain. The reason is that the mobile in practice receives interference from a high number of base stations, which clearly affects the SAIC performance. Besides the occurrence of multiple interferers both the receiver sensitivity and adjacent channel interference have to be taken into account especially for high DIR values. 

The analysis presented in this document has been using two different network scenarios different from the three configurations agreed in the SAIC Workshop 8th-9th January 2003 but investigations are ongoing for these reference configuration.  
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� Studies are still ongoing for the three reference configurations agreed in the SAIC Workshop [� REF GAHS_030015 \h ��7�].


� The network simulator dumps the signal levels of the carrier and all the interfering signals, which are received by a single mobile. 


� In these plots only DIR values from bursts having CIR<10dB (normal range of operation of AMR7.4) are included. 


� The exclusion of bursts having high CIR value (CIR>10dB) is done because in these bursts the DIR is often very low (the interference will be close to the noise floor). Because a lower SAIC gain is expected for high CIR values such low DIR will however only affect the expected gain slightly. 


� The performance has been simulated without MS receiver impairments and a minor degradation has been observed when the impairments are taken into account. 


� All simulations have been performed with random signals GMSK modulated.
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