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SAIC Link Performance Simulations

1 Introduction

Link simulations for Single Antenna Interference Cancellation (SAIC) have initially been presented for the single co-channel interferer scenario as defined in 45.005 [1]. This specification could be significantly tightened [2] based on field-tested Philips Mono Interference Cancellation (MIC) technology [3]. Also link simulation results for more complex interferer scenarios, which are more close to network reality, were already presented [4]. A GERAN Work Item [5] was initiated to investigate SAIC system capacity gain based on a combination of new system and link performance simulation scenarios. In two GERAN SAIC Workshops the system simulation assumptions have been agreed [6]

 REF _Ref37166639 \r \h 
 \* MERGEFORMAT [7] and a link simulation interference model [8] has been derived from these system simulations, which has been revised by mail reflector discussion [9]. 

In this contribution new link simulation results for MIC/SAIC are presented. In Section 2 the proposed interference model [8] is applied. In Section 3 burst level data from system simulations performed by Cingular/SBC were used. Section 4 discusses the differences between these two approaches. Consequences for the next phase of system simulations are proposed in the concluding Section 5.

2 Results for GERAN model

2.1 
Model Description

Table 1 summarizes the current status of GERAN link simulation model [9]. All levels are specified as attenuation referring to the dominant co-channel interferer 
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. The adjacent channel attenuation values in the table (iac1 and iacr) comprise an adjacent channel protection (ACP) of 18 dB, representing the signal strength after a typical channel selection filter in the receiver. The total interference power, which is considered to be effective for conventional receiver performance, is actually 1.9 dB (case 40% frequency load) and 2.9 dB (case 70% load) higher than the power of the dominant co-channel interferer i1. For the link level simulations however, 18 dB ACP have been added again to the adjacent channel levels in order to generate the signal strength of adjacent channels at the receive antenna.

	Parameters for Configuration  2/3

	
	40%
	70%

	Dominant interferer 
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	dB
	-
	-

	
	TSC
	random  0
	random  0

	Second strongest interferer  
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	dB
	6
	4

	
	TSC
	random
	random

	Third strongest interferer  
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	dB
	10
	8

	
	TSC
	Random
	random

	Residual noise (modelled as white noise)

Before receiver filter – (AWN sequence)

Non-fading Ir
	dB
	9
	5

	
	TSC
	n/a
	n/a

	Adjacent channel interferer (after receiver filter) [image: image5.wmf]1

ac

i


(fading)
	dB
	14
	14

	
	TSC
	Random
	random

	Residual adjacent channel (Non-fading)  
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	dB
	15

 (18 on either side)
	14

(17 either side)

	
	TSC
	n/a
	n/a

	Delay
	
	TBD
	TBD

	Frequency Offset
	
	TBD
	TBD


Table 1:  Parameter table for GERAN SAIC link level simulations
2.2 
Simulation Assumptions

According to the agreed procedure, link simulations were conducted with Philips MIC/SAIC technology and conventional equalizer. The level and signal characteristics were precisely implemented as specified. The aspects of frequency offset and delays are still marked TBD and have not been considered in these simulations. TSC impact is only partly considered, since it is much dependent on the undefined signal delay model distribution and also requires some changes in the simulation modules. Therefore we preferred to start without this complication. The individual co-channel interferer components i1, i2 and i3 (dominant, second and third strongest) are so far all modelled as continuous random GMSK modulation without TSC. For the individual adjacent channel interferer component iac1 the same model was applied for most simulations so far, but an experiment with TSC = 0 was already carried out for comparison. For the residual co- and adjacent channel interference (ir and iacr), the agreed Gaussian models without fading have been applied. 

All simulations throughout this paper are for TU3 at 900 MHz with ideal frequency hopping. While in previous contributions presenting MIC performance [2] [4] receiver impairments models and fixed-point code were applied, these complications have been postponed throughout the simulations presented here. This assumption is expected to have only minor impact on the results.

2.3 
Simulation Results

The following results were simulated based on specifying a variable carrier power level c relative to the dominant co-channel interferer i1. This reference has been replaced in the diagrams by the total interference level. This carrier-to-total-interference CIR should facilitate comparisons with conventional receivers and existing specifications.

[image: image7.emf]1 2 3 4 5 6 7 8

10

-3

10

-2

10

-1

10

0

SAIC Geran40v2 TU3 iFH

CIR [dB]

FER

Conv. equalizer

MIC/SAIC

AFS 12.2

AFS 7.95

AFS 5.9


Figure 1: FER performance for TCH/AFS, GERAN model, 40% load
Figure 1 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the GERAN model with 40% load. The gain by MIC/SAIC compared to the conventional equalizer is consistently about 1.3 dB over a wide range of operation. This includes the case of TCH/AFS5.9, so improving most critical calls, which operate already at low rate. 

Figure 2 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the GERAN model with 70% load. In comparison with Figure 1, the performance of the conventional equalizer is rather similar for the same C/I, as expected. The gain by MIC/SAIC compared to the conventional equalizer is still about 1.2 dB over a wide range of operation, including TCH/AFS5.9. The gain due to SAIC is actually not much different from the 40% load case, as could be expected from the proximity of the parameter values of the two models. 
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Figure 2: FER performance for TCH/AFS, GERAN model, 70% load 

In Figure 3, Bit error rates before channel decoding are shown for completeness. Both load cases are shown in parallel. While there is nearly no difference for the conventional equalizer, the 40 % load case gives slightly better performance than the 70 % case.
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Figure 3: BER before channel decoding, GERAN model, 40 and 70% load
2.4 
TSC of adjacent channel

Under high frequency load conditions, the use of adjacent frequencies in the same sector cannot be avoided completely by MAIO management. Therefore dominant adjacent channel interference very often comes from the serving sector and therefore with the same delay and TSC as the wanted signal. This situation is supposed to be most critical for the potential TSC impact from dominant adjacent channel interference, even though not explicitly represented in the GERAN model. To check this situation, the simulation for 40 % load and 5 dB C/I has been repeated with the individual adjacent channel interferer component modelled as GMSK random normal bursts with TSC = 0, like the wanted signal. Since the results showed only negligible differences, we concluded that this situation is not worth modelling and that there is practically no TSC impact of adjacent channel interference. 

Since even the same TSC and delay of the adjacent channel interference does not make a significant difference compared to random GMSK modulation, the GERAN model could be simplified in this respect.

2.5
Summary

The simulation results for the GERAN SAIC interference model show moderate gain of up to 1.3 dB. Little difference in gain is observed between the two frequency load cases.

Even though good reasons were considered when deriving the model, there is still strong concern that the model might be too pessimistic compared to reality in network operation. 

This point is made more specific in the following two sections.

3 Results for Cingular data

Additional link simulations were conducted by Philips based on Cingular system simulation data, which were generated by SBC Technology Resources. The system simulation assumptions are described in [10] and [11], unless specified differently. The cases 40% and 70% frequency load were considered both in network configuration 3.

Data sets traced from the system simulation have been provided, which comprise burst power levels of wanted signal, 5 strongest co-channel interferers, residual co-channel interference, 10 strongest adjacent channel interferers (plus indication of their upper/lower position) and residual adjacent channel interference. For all individual (not residual) signals also delay and TSC are given. The data were not extracted continuously from the system simulation, but a call sampling technique was applied, which is different from the sampling technique applied in [11]. Segments of 2 seconds each were drawn from various different calls. These segments are long enough for an FER statistics to coarsely assess the call quality, and short enough to allow for a high number of calls. The number of calls is 500, only slightly reduced by removing few shorter call segments. 

The system simulation did not include fast fading. Inclusion of fast fading in system simulation is considered advantageous for making it more realistic, and is planned in a future upgrade of the system simulator [10]. However, the traces drawn from the current system simulation without fast fading have some advantages for the link simulation. Compared to the usual link simulation, the only modification is a multiplication of each signal burst component according to the given burst power level from the trace. Perhaps even more relevant than simplicity may be the following statistical aspect: As long as fast fading is not included in burst level traces, these can be used to generate various realizations of the multipath fading based on the same interference hopping and shadowing patterns provided by the trace, so segments of a call can easily be extended to an arbitrary length by repetition of the traced burst levels. This seems to be impossible otherwise, since variation due to fast fading and frequency hopping can't be distinguished. Perhaps even dumping out both data sets before/after fast fading should be considered to keep this possibility.

Also for this data set we preferred to start without considering TSCs. Therefore all 15 individual interferer components i1, …, i5 and iac1, …, iac10 have been so far modelled as continuous random GMSK modulation without TSC, while for the residual interference ir and iacr the agreed Gaussian models without fading have been applied. 

Since the Cingular data set provides TSC and delay for all individual interference components, it will allow an absolutely realistic assessment of TSC impact, which is specially required for the co-channel interference. This aspect will be investigated in a next step.

Figure 4 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the Cingular data set with 40% load. The carrier power level c was used as given by the traces, but also artificially increased in order to get a dB mapping of the performance gain due to MIC/SAIC. The gain by MIC/SAIC can be measured by assuming the original power level with MIC and looking at the necessary power increase for the link under consideration (of course ignoring the system impact of this change) to achieve the same performance with a conventional equalizer. The gain by MIC/SAIC compared to the conventional equalizer is 2.3 dB for AFS5.9, which is most relevant here, and somewhat less for higher rates (2.2 dB for AFS7.95 and 1.9 dB for AFS12.2). 
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Figure 4: FER performance for TCH/AFS versus C variation: Cingular data 40% load

Figure 5 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the Cingular data set with 70% load. Again the carrier power level c was used as given by the traces, and also artificially increased. The gain by MIC/SAIC compared to the conventional equalizer is 1.7 dB for AFS5.9, and somewhat less for higher rates (1.6 dB for AFS7.95 and 1.5 dB for AFS12.2). 
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Figure 5: FER performance for TCH/AFS versus C variation: Cingular data 70% load

Since the data set yields of course far less homogenious results than the GERAN model, not only long-term average gain is relevant, but also statistics of FER measured over shorter intervals. This standard technique for quality of service assessment can easily be applied based on the regular structure of the data set. Each call segment of about 2 seconds is simulated twice with new fast fading realization, as explained above. This allows to analyse the calls with CDFs of call-related FER. Therefore the percentages can be taken as measure of satisfied users, only the short duration of the call in the system simulation limits this interpretation. In Figure 6 - Figure 8 example results are shown for 3 different cases. MIC/SAIC provides significant improvement over the whole call FER quality range. 

As visible in Figure 6, TCH/AFS 12.2 is applicable only for about half of the users. If rate adaptation does not prevent this problem, 21% of the users with a conventional phone would experience poor quality with 10% FER or more, while this percentage is lowered to about 12% of the users with a MIC/SAIC-equipped phone. 

The quality of service improvement is even more striking in the case of TCH/AFS 5.9 in Figure 7, which is the codec considered in these simulations for serving calls with worst radio link. The percentage of users experiencing 10% FER or more is lowered from 3% to nearly nothing (1 call of 500). As a more reasonable criterion for good quality, the percentage of users with no more than 2% FER is reduced by MIC/SAIC from 15% to 3%.

In Figure 8, the same TCH/AFS 5.9 codec is used with the frequency load increased to 70%. While this system seems to be heavily overloaded even when MIC/SAIC is applied, the relative improvements are about as strong as in Figure 6, which was 40% load with less channel coding. This can be seen as an indication, that the average interference level is too high, while the interferer structure is still appropriate for successful MIC/SAIC application even under extreme load conditions.
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Figure 6: CDF of FER for TCH/AFS 12.2, Cingular data 40% load
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Figure 7: CDF of FER for TCH/AFS 5.9, Cingular data 40% load
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Figure 8: CDF of FER for TCH/AFS 5.9, Cingular data 70% load
The delay parameters turned out to be very interesting for analysing quality of service for the individual calls. This delay dependency is shown in Figure 9 - Figure 11 by scatter plots, which are based on the same data as the CDFs in Figure 6 - Figure 8. The individual FER data points of the calls are sorted according to the delay of the wanted signal (averaged to remove the little variation over 2 seconds) and ploted along the index of the data point. The link simulation performance behaves quite differently for near and far calls (at the left and right side, respectively). In all three Figures, there are sporadic bad calls in the near range, but consistently bad calls in the far range. Performance is best for medium distance calls. The different error behaviour of the near and far distance regions looks like two very different scenarios being effective for link performance. Nevertheless, improvement by MIC/SAIC looks consistent over the different ranges, causing less sporadic errors and systematically improving the bad situation with the far calls.
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Figure 9: Call mean FER and its near/far average for TCH/AFS 12.2, Cingular data 40% load
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Figure 10: Call mean FER and its near/far average for TCH/AFS 5.9, Cingular data 40% load
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Figure 11: Call mean FER and its near/far average for TCH/AFS 5.9, Cingular data 70% load
The observation of near/far dependency of performance motivates quantitative analysis by averaging a number of nearest calls (or alternatively farest calls). Varying the number of these calls, gives the solid curves in Figure 9 - Figure 11. The near average curve starts with much fluctuation due to few calls on the left side, while the far average curve starts in a similar way on the right side of the diagrams. The other end of these curves take on the same value, which is the total average of the FER, as shown in Figure 4 and Figure 5 at 0 dB gain.

From Figure 10 it can be read, that the 10 percent users most distant from the serving BTS experience an average FER of 7% with a conventional phone, which is lowered to 2% by a MIC/SAIC-equipped phone. So even in the good simulation case of 40% frequency load and TCH/AFS 5.9 codec, there seems to be still an issue in the far links, which can be mitigated by interference cancellation.

The extremely different cases in the call performance are probably due to downlink power control (DPC) range limited to 14 dB. As shown in Figure 12 for 40% load and in Figure 13 for 70% load, there seem to be too many good calls with very high CIR for both co- and adjacent channel, which seemingly cannot be attenuated further. This might influence the other sites and degrade DIR. The combination of only 14 dB DPC range with the high propagation model path loss exponent 3.76 seems to cause insufficient advantage from power control.
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Figure 12: Signal levels c, icc, iac (a) and CIR, DIR1, DIR2 (b) call average, sorted by call delay, Cingular data 40% load, DPC range 14 dB, a) c (blue), icc (green), iac (red) , b) CIR (blue), DIR1 (green), DIR2 (red)
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Figure 13: Signal levels c, icc, iac (a) and CIR, DIR1, DIR2 (b) call average, sorted by call delay, Cingular data 70% load, DPC range 14 dB, a) c (blue), icc (green), iac (red) , b) CIR (blue), DIR1 (green), DIR2 (red)

To further analyse this issue, additional system simulations with DPC range extended to 30 dB were recently conducted by SBC Technology Resources for the 40% frequency load case and also transferred for link simulation. In Figure 14, it can be seen that the power levels and CIR values are kept relatively constant for most of the calls. Practical problems with this maximum DPC range are beyond the scope of this contribution, but in simulations more DPC range should help balancing call performance between the different classes.
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Figure 14: Signal levels c, icc, iac (a) and CIR, DIR1, DIR2 (b) call average, sorted by call delay, Cingular data 40% load, DPC range 30 dB, a) c (blue), icc (green), iac (red) , b) CIR (blue), DIR1 (green), DIR2 (red)

Figure 15 shows the FER performance for TCH/AFS12.2, 7.95 and 5.9 for the Cingular data set with 40% load and DPC range 30 dB. Again the carrier power level c was used as given by the traces, but also artificially varied in order to get a dB mapping of the performance gain due to MIC/SAIC. When comparing the 0 dB gain point with Figure 4, consistently better quality of service can be observed, which should map into higher system capacity for this setting of simulation assumptions. 

The gain by MIC/SAIC compared to the conventional equalizer is about 2.9 dB for AFS5.9, and somewhat less for higher rates (2.8 dB for AFS7.95 and 2.2 dB for AFS12.2). 
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Figure 15: FER performance for TCH/AFS versus C variation, Cingular data 40% load, DPC range 30 dB

In Figure 16 and Figure 17, CDFs for the simulation data with 30 dB DPC range are shown. The performance is generally improved for the conventional equalizer when compared with Figure 6 and Figure 7, which were based on 14 dB DPC range. Application of MIC/SAIC again provides significant improvement over the whole call FER quality range. The modified interference scenario turns out to even improve this gain provided by interference cancellation.
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Figure 16: CDF of FER for TCH/AFS 12.2, Cingular data 40% load, DPC range 30 dB
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Figure 17: CDF of FER for TCH/AFS 5.9, Cingular data 40% load, DPC range 30 dB

Call quality dependence of the distance to the BTS is shown by scatter plots and near/far averages in Figure 18 and Figure 19, which preferably compare to Figure 9 and Figure 10.
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Figure 18: Call mean FER and its near/far average for TCH/AFS 12.2, Cingular data 40% load, DPC range 30 dB
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Figure 19: Call mean FER and its near/far average for TCH/AFS 5.9, Cingular data 40% load, DPC range 30 dB

4 Comparison of model- and trace-based approaches

Table 2 summarizes the link gain by MIC/SAIC as presented in the previous sections.

	Link gain [dB] by MIC/SAIC compared to conventional equalizer

	Interference model
	Load 40 %
	Load 70 %

	Source
	DPC range
	AFS 5.9
	AFS 7.95
	AFS 12.2
	AFS 5.9
	AFS 7.95
	AFS 12.2

	GERAN
	n.a.
	1.3
	1.3
	1.3
	1.2
	1.2
	1.2

	Cingular
	14 dB
	2.3
	2.2
	1.9
	1.7
	1.6
	1.5

	Cingular
	30 dB
	2.9
	2.8
	2.2
	-
	-
	-


Table 2 Summary of link simulatiton results
The results show far larger gain for SAIC with the Cingular trace data than with the GERAN link interference model. This underlines the concern that in some respects the new SAIC link assumptions may be overly pessimistic. This bears of course the risk of unrealistically degraded gains mapped to the second system simulation, endangering their validity. The concerns are mostly related to the following points:

· Lack of variation of interferers with time (burst collision probabilities according to load and DTX factors). In the system simulation, load and DTX factors cause the interferers to vary dramatically from burst-to-burst, especially with efficient MAIO management, while this aspect is not at all represented in the GERAN SAIC link model, where the dominant interferer is supposed to be constant in this respect. So fast fading is the only source of burst power fluctuation in the model. This reduces the gain from interleaving and channel coding, and ignores the fact that the interferer scenario may vary for the individual burst.

· Lack of variation of interferers with location (e.g. different balance between co- and adjacent channel interference at cell boundaries and near to the BTS). Quite different characteristics of the interferers have been observed in the near and far regions. In this context DPC range is a relevant parameter.

· Assumption of number of residual interferers being large (there may be more burst-by-burst variation than in the filtered noise model without fading). The specification of 3 individual co-channel interferers i1, i2 and i3 in the GERAN model and the more detailed modelling in the trace-based simulation can be seen as a partial workaround.

· The adjacent channel interference tends to be typically very asymmetric, at least for the left and right dominant interferers. This also depends on MAIO management.

These well-known points are basic difficulties when trying to represent the highly complex network situation by a link interference model specified by average values. 

To cope with these difficulties both approaches should be taken in parallel. To facilitate comparison, system simulation interference statistics should be taken from the same or similar trace data sets as used in the link simulation and compared with statistics used for the derivation of the GERAN SAIC model. 

5 Conclusions

The results presented in this paper fully support the strong capacity gain expectations from SAIC. While network CIR gain has always been considered to be significantly lower than the link CIR gain under single interferer measurement conditions [3] [4], worst-case scenarios are considered in this contribution which are supposed to represent voice-capacity optimised networks at highest load or even above this limit. MIC/SAIC technology shows significant improvements of 1.2 – 2.9 dB even under these extreme scenarios.

The gain measured for the GERAN SAIC interference model [8], [9] turned out to be relatively low in this range. This underlines concerns, that the definition of this interferer scenario may not characterize the achievable gain appropriately, but give pessimistic estimates. If these lower gains are mapped into the second phase of system simulations without an additional validation step, there is the risk of pessimistically biasing the results for capacity improvements by SAIC. 

Systematically higher gain by MIC/SAIC has been measured with data transferred from system simulation to link simulation. This technique, which has been used only within some companies before, turned out to be feasible even between companies. We would like to apply this approach also in co-operation with other companies active in system simulations, while Philips focuses on link simulation. This system-to-link delivery approach should be seen as an additional method for co-verification of system and link simulations, which is proposed to complement the link-to-system delivery of a mapping from burst-CIR to FER in the next step. 

Fast fading is going to be included in system simulators in order to improve the quality prediction. However, for connecting the system simulation with the link simulation, it seems to be advantageous to trace the burst power levels before applying fast fading.

In the link simulation, TSC impact needs to be considered as defined. This is most relevant for co-channel interference, while for adjacent channel interference, the TSC impact is negligible even in worst-case situation. A fully realistic assessment of TSC impact will be performed based on the TSC and delay data, which are available from the traces for all individual interference components for each burst. Also the frequency offset between the received signals needs to be considered. Furthermore, receiver imperfections and fixed-point implementation will be checked again.

The link simulations will deliver a mapping function for the second phase of SAIC system simulations and will also help verifying their quality of service estimations for the actually simulated interference scenarios.
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