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Link level interference model for Dual Symbol Rate
1. Introduction

Dual Symbol Rate performance results have been presented in [1] showing 1.7-1.9 fold data capacity gain in uplink. In the presented link simulations interference modelling was done by recording interference levels (and other required information) during a dynamic system simulation and importing the recorded interference data to link level simulator. By this way exact burst-wise interference situations from the system simulator can be replicated in the link level simulator. Drawback of the used interference model is that simulations need to be relatively long in order to achieve accurate results and also that several Mbytes interference files are needed. Although the used method is able to model very realistic interference situation in the link simulator, the method is not very applicable for wider usage e.g. in DSR specification work. Therefore, in this document a new link level interference model for the DSR evaluation is discussed.

2. Feature description

A lot of work was done in the SAIC feasibility study phase to define realistic link level interference models for SAIC. It was identified, for example, that multiple interferers have to be included in link level model to achieve reliable link level results. Furthermore, it was found out that link level performance for the same interference level vary significantly for different link level models, as interference cancellation capability depends upon the distribution of the interferer powers [2]. 

Same basic approach than previously used for the SAIC link level interference modelling (i.e. first defining network scenarios, then running system simulations and recording interference data and finally generating statistical link level interference model) can be applied also for the DSR interference modelling. However, some differences are needed based on the different DSR performance requirements. 

· DSR is proposed in uplink [1], so that interference statistic has to be generated from uplink. 

· Data traffic, mixed with voice, needs to be included in the model. 

· Due to different behaviour, interference statistics have to be separated for different interference types,  DSR/8-PSK or GMSK interference. 

· By modelling interference level distribution instead just the mean level value more realistic results can be achieved.

· DSR carrier overlapping and thus challenging interference situation can be seen in the example interference snapshot in Figure 1. DSR interference model must include first ((200 kHz) and second ((400 kHz) adjacent carriers in addition to co-channel interferers. 

· For the accurate interference modelling at least 3 strongest co-channel interferers and 2 strongest adjacent interferers (separately for each –400, -200, +200 and +400 kHz offsets) needs to be included in the model. 

· Cell border (95% coverage) and median wanted signal level need to be defined from system simulation results so that realistic signal levels can be simulated at link level. 

Assuming random channel allocation in case of mixed traffic model the same link level interference model can be used for EGPRS, speech and DSR. 
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Figure 1 Spectral snapshot from simulated UL interferences at cell border [1]
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Figure 2 Distribution of co and adjacent channel interferes for reuse 1/1
Example plots about UL interference statistics from dynamic system simulation have been presented for the studied DSR network scenarios in [1]. Figure 2 above shows pdf for 3 strongest co-channel and adjacent channel interferes for the frequency re-use 1/1 (network scenario 4 in [1]). 

In the following, an example statistical interference model has been generated for the re-use 1/1 using the recorded data for scenario 4 in [1]. Interference level distributions shown in Figure 2 were approximated as Gaussian distributions. The correlation between interferer levels was also analysed from simulation data and included into the model. 

Table 1 shows probabilities for different interference types and the probability when the interference does not exist (i.e. is lower than –120 dBm). If most dominant does not exist, then lower order interferences are not present either. Then, in  Table 2 parameters for GMSK and DSR/8PSK mean values are listed. Table 3 shows correlation matrix for co-channel interferences and Table 4 correlation matrix for adjacent channel interferences. Note that in this example network configuration (re-use 1/1) the first ((200kHz offset) and the second ((400 kHz offset) interfering carriers occur in the same cell so that adjacent interference statistics are valid for all frequency offsets. 
Table 1 Probabilities for voice and data interference
	Probability


	Modulation / existence

	
	GMSK
	DSR/8PSK
	Off

(<-120dBm)

	p(CCI(1))
	0.48
	0.51
	0.01

	p(CCI(2) | CCI(1))
	0.45
	0.50
	0.05

	p(CCI(3) | CCI(2))
	0.43
	0.44
	0.13

	p(ACI(1))
	0.45
	0.47
	0.09

	p(ACI(2) | ACI(1))
	0.45
	0.51
	0.03


Table 2 Mean interference levels
	Interference
	GMSK (dBm)
	DSR/8PSK (dBm)

	CCI(1)
	-97.7
	-98.1

	CCI(2)
	-105.7
	-105.4

	CCI(3)
	-109.8
	-109.4

	ACI(1)
	-95.1
	97.1

	ACI(2)
	-103.9
	-104.0


Table 3 Correlation matrix TCCI between interferes for co-channel interferences

	8.9196
	0
	0
	0
	0
	0

	3.5906
	6.2270
	0
	0
	0
	0

	2.2963
	2.1932
	4.9454
	0
	0
	0

	0.1375
	4.7630
	1.8780
	6.7376
	0
	0

	3.3097
	-0.9569
	3.0975
	4.2475
	3.0652
	0

	2.2359
	2.2318
	-1.5107
	1.8262
	3.4270
	2.4598


Table 4 Correlation matrix TACI between interferes for adjacent channel interference               
	9.2440
	0
	0
	0

	4.0046
	6.4040
	0
	0

	0.3211
	5.1678
	6.6272
	0

	3.8406
	-1.7541
	5.4521
	1.8211


The co-channel and adjacent channel interference levels are calculated per modulation as follows:

1 Co-channel interference level
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where r is a column vector of Gaussian entries with unit variance.

2 Adjacent channel interference level
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In Figure 3 interference levels generated using the above statistical models are compared to distributions collected from system simulations. Then, Figure 4 compares link simulation results between the presented statistical interference modelling and the previously used method [1] in which the recorded burst-wise interference situation from system simulator was directly modelled in the link simulator.
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Figure 3 Comparison of simulated and statistically modelled CCI level CDF
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Figure 4 Comparison of simulated and statistically modelled BLER results
3. Discussion

This document focused on realistic interference modelling for link level simulations. Principles for an interference model targeted especially for DSR link level performance evaluation was discussed. Due to differences between SAIC and DSR receiver performance requirements the multiple interferer model specified for SAIC/DARP is likely not sufficient for accurate DSR performance evaluation. In case of DSR accurate evaluation of IRC algorithm to cope with multiple interferers having variable bandwidth and modulation is required. 

It was shown that accurate statistical interference modelling can be achieved with reasonable amount of parameters. Then, it was shown that by including 3 strongest interferers for co-channel and 2 strongest for adjacent channels into the link level interference model good performance evaluations can be done. Difference in the final link level performance results between the presented statistical interference model and exact burst-wise model was about 2 dB at 10% BLER, for both DSR and EGPRS simulations. It should be noticed that the relative performance difference between DSR and EGPRS remained the same; the difference was seen only in the absolute numbers. 

The difference in the BLER results was mainly caused by the fact that data traffic was was not evenly distributed between timeslots in the network simulation due to allocation scheme based on the PS and CS territories. On the other words, by distributing interference levels more evenly in the network simulation the average quality would likely improve compared to results presented in [1].
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