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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 this is done for GMSK carriers and GMSK cochannel interferers in synchronized networks, other scenarios like inclusion of adjacent channel interference 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. 

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 the interfering signal and N0 the receiver noise. Although widely used, for evaluation this ideal 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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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):
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where Imax is the dominant of the interfering signals. 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. Based on this analysis DIR values to be used in the feasibility study will be proposed in section 5. Likewise a minor modification of the generic link level model presented by Motorola at TSG GERAN #12 will be proposed [3]. 

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
	
	


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%. 

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 1 and Figure 2 respectively
. Due to the high frequency load more than 50% of the active bursts have a DIR<10dB and in approx. 10% the DIR is less than 0dB. 
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	Figure 1 DIR pdf for network scenario 1 (EFL~25%).
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	Figure 2 DIR cdf for network scenario 1 (EFL~25%).


In some of the SAIC contributions presented for TSG GERAN the DIR has simply been modelled as one or two additional interfering signals [1][2]. To assess the validity of this approach a new measure called DIR2 (Second Dominant to rest of Interference Ratio) defined as:
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is calculated (Imax2 is the power of the second largest interferer). The DIR2 pdf and cdf, calculated from the same traces used to generate Figure 1 and Figure 2, can be seen in Figure 3 and Figure 4 respectively. 
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	Figure 3 DIR2 pdf for network scenario 1 (EFL~25%).
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	Figure 4 DIR2 cdf for network scenario 1 (EFL~25%).


Figure 3  and Figure 4 illustrate that only in approx. 10% of the time DIR2>15dB, corresponding to situations where the mobile effectively experiences only two dominant interferers. In more than 20% of the bursts the DIR2<0dB i.e. the second strongest interferer is not dominant compared to the rest of interference and noise. Consequently the simple model, using only two 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. 

4.2. Scenario 2 Non-hopping carrier

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

The DIR pdf and cdf are plotted in Figure 5 and Figure 6 respectively. Clearly the two figures demonstrate that this scenario without frequency hopping a single interferer is dominant in most bursts (mean value of DIR(20dB). Compared to scenario 1 a DIR level less than 5dB occurs in less than 10% of the bursts and approx. 50% of the bursts have a DIR better than 20dB. Besides, as expected, the DIR in a number of bursts is mainly limited by the sensitivity of the MS receiver
. This can be seen from Figure 5 where the pdf demonstrates a second top around 35dB.
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	Figure 5 DIR pdf for network scenario 2.
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	Figure 6 DIR cdf for network scenario 2.


The DIR2 pdf and cdf are plotted in Figure 7 and Figure 8 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 the receiver sensitivity level is influencing this but due to the fact that DIR>20dB in approx. 50% of the bursts this is completely as expected
. 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. For this scenario this is though not as crucial because the main interferer is dominating (high DIR values in most bursts).  
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	Figure 7 DIR2 pdf for network scenario 2.
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	Figure 8 DIR2 cdf for network scenario 2.


5. Discussion

The investigation presented in section 4.1 and 4.2 clearly indicates that the modeling of interference for SAIC is rather complicated. The reason is that the mobile in practice receives interference from a high number of base stations. Besides the occurrence of multiple interferers the receiver sensitivity has to be taken into account especially for high DIR values. In this section a number of test cases will be proposed for investigating the feasibility and the possible gain of SAIC in practical network layouts. The test cases proposed in this section will only cover synchronized networks but the same tests can of course be made for unsynchronized networks as well by using a suitable delay.

From Figure 1 and Figure 5 it can be seen that in typical network layouts the burst wise DIR value will be between –5dB and 45dB. Based on these observations the following test cases should be investigated in the SAIC feasibility study:

· A single synchronized interferer
.

· Two synchronized interferers + noise

· DIR=0dB
,

· DIR=10dB,

· DIR=20dB.

When performing the first test case it is important to consider a realistic input level in order to take the sensitivity of the MS receiver into account. For conventional speech services the current interference test in 45.005 is defined at 20dB above the reference sensitivity level i.e. at –82dBm for small mobiles. Using the standard 9dB cochannel interference ratio the interference input level for the standard interference test case will be –93dBm i.e. DIR(16.5dB for a mobile having a NF=10dB and operating at 25(C. As have been shown in section 4.2 a more realistic DIR values in this case would be around 35dB thereby giving an interference input level of approx. -75dBm. 

For the second set of test cases i.e. the tests where realistic DIR values are considered the question how to model the rest of interference arises. The correct way would be to develop a hybrid simulator that takes system level issues into account when performing the link level simulations. Unfortunately such a procedure is not possible in practice. From a practical point of view the three most realistic ways to model DIR would be:

· Two interferers without added noise,

· Three interferers without added noise,

· Two interferers plus added noise.

The two first approaches have been used in previous contributions [1][2]. As have been demonstrated in this contribution the first approach is very different from the way the interference occurs in practice (DIR2 always less than infinity). Another problem of using only two interferers is that DIR<0dB is difficult to simulate. The second option is clearly better in these respects but because the third option includes receiver sensitivity and the effect of multiple interferers this option is recommended using two different DIR2 values (e.g. DIR2=0dB and DIR2=25dB). 

In summary based on the analysis made in this contribution the following test cases should be included in the feasibility study to reflect the expected performance of SAIC terminals in typical network scenarios:

· A single synchronized interferer,

· Two synchronized interferers + noise

· DIR=0dB, DIR2=0dB and DIR2=25dB,

· DIR=10dB, DIR2=0dB and DIR2=25dB,

· DIR=20dB, DIR2=0dB and DIR2=25dB.

These test cases can be modeled by the link-level simulation model proposed Motorola at TSG GERAN #12 [3] simply by adding a noise component.

The studies done in this contribution have been carried out by using a test network layout but new investigations could be made when reference network layouts have been agreed in the SAIC Workshop. 

6. Conclusions

When evaluating the feasibility of SAIC the DIR is an important parameter, which describes the ratio between the dominant interferer and the rest of interference plus noise. 

In this contribution the received DIR has been analyzed for different network scenarios. This analysis has demonstrated that in realistic SAIC network scenarios the mobile will receive interference from a number of base stations resulting in DIR<5dB for more than 50% of the bursts and DIR<0dB in approximately 10% of the bursts. Consequently when evaluating the SAIC feasibility it is important to include test cases for these hostile DIR values. 

The actual modeling of the DIR has also been investigated and a minor modification of the link level model presented by Motorola in TSG GERAN #12 has been proposed. 
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� 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 highest gain for SAIC is expected for low CIR values.


� In the simulation a 10dB NF has been used giving Eb/N0(0dB at –109.5dBm (please notice that the noise floor is slightly different from the noise floor used in the network simulator).


� When DIR=20 the rest of interference is 20dB closer to the sensitivity level of the receiver. 


� This test case is often referred to as DIR=( but in practice the DIR value will be determined by the sensitivity of the MS receiver.  


� This is the average DIR value, the burst wise DIR will vary thereby covering the complete DIR range. 
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