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SAIC Link Performance for Synchronous GERAN Models

1 Introduction

Link simulations for Single Antenna Interference Cancellation (SAIC) have initially been presented for the single cochannel 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]
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 \* 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]. 

Initial link simulation results for MIC/SAIC based on these models have been presented to GERAN #14 [12]. These results did not yet consider the TSC, delay, frequency offset and receiver impairments. Since then, MIC performance has been further improved and the link simulation model has been completed. 

In this contribution, new link simulation results for MIC/SAIC in synchronous scenarios are presented. In synchronous networks, the training sequences of wanted and interfering signals have significant impact on performance of both the conventional receiver and MIC. In Section 2, the simulation assumptions are summarized. Section 3 describes the results. Conclusions are drawn in Section 4.

2 Simulation assumptions

Table 1 summarizes the current status of GERAN link simulation model definition [9], while additional assumptions used in the simulations are described in the text below. The model characterizes interference and noise as a combination of discrete interferers (i1, i2, i3 and iac1), which are independently fading like the desired signal, and a filtered noise contribution, which reflects the residual interferers and thermal noise. The model comprises a first adjacent channel interferer iac1 on one side (arbitrarily at higher or lower frequency) and filtered noise components on both sides, which model the impact of all further adjacent channel interference on the bandwidth of the desired signal.

	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 – (AWGN sequence)

Non-fading Ir
	dB
	9
	5

	
	TSC
	n/a
	n/a

	Adjacent channel interferer (after receiver filter) [image: image4.wmf]1
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(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 (from [9])
The desired signal is using TSC0. The TSCs of the discrete interferers are selected independently burst-by-burst based on a uniform distribution, which includes TSC0, …, TSC7 for i2, i3 and iac1, but only TSC1, …, TSC7 for i1. 

Delay of the discrete interferers has not been readily defined by GERAN yet. A uniform delay distribution over –1 to 4 symbols is applied with quarter symbol resolution. This distribution models the observed delay statistics [11] sufficiently precise and simple in order to represent its impact on performance. It is proposed to complete the GERAN link level simulation assumptions on this basis. 

All levels are specified as attenuation referring to the dominant cochannel 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 cochannel 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.

All simulations throughout this paper are for TU3 at 900 MHz with ideal frequency hopping. Frequency offset has not been readily defined by GERAN. The frequency offset has been simulated burst-by-burst with +/- 100 Hz deviations of the desired signal and the dominant cochannel interferer, where the sign is always different for the desired signal and the interferer. Therefore the absolute value of the frequency offset between the desired signal and the interferers is always 200 Hz with varying sign.

GERAN link level simulation assumptions should be completed soon either in this way or with a Gaussian distribution as proposed on the mail reflector. The detailed assumption is expected to have only minor impact on the results (as long as the algorithm does not exploit model simplicity).

The following receiver impairments are assumed:

· IQ gain mismatch 
0.5 dB

· IQ phase mismatch 
3 deg

· Phase noise 

1 deg rms

· DC offset 

considered

DC offset is not specified by a number here, since a DC offset compensation algorithm is included in the simulation, which is known to perform identically for all reasonable DC offset values (if DC offset is not causing saturation of the analog or digital input signal representation). 

The results in this contribution are based on a floating-point version of Philips MIC/SAIC technology with generally improved performance (compared to the initial results presented to GERAN #14 [12]). The conventional equalizer has not been changed. It is fully compliant to the specification [1] and representative for typical MS used in the networks. It is worth noticing, that all timing and frequency control loops, which are needed in real application and may affect performance, are active within conventional equalizer and MIC.

3 Results

The following results were simulated based on specifying a variable carrier power level c relative to the dominant cochannel 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.

3.1 Total Frame Erasure Rate (FER)

Figure 1 shows the FER performance of TCH/AFS12.2, 7.95 and 5.9 for the synchronous GERAN model with 40% load. The necessary CIR values to achieve 1 % FER with the conventional and MIC/SAIC receivers are read from this figure and summarized in Table 2 along with the link gain, which is the difference of these values. The gain by MIC/SAIC, compared to the conventional equalizer, is 2.1 - 2.7 dB, depending on the coding scheme.
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Figure 1: FER performance for TCH/AFS, synchronous GERAN model 40% load, including TSCs, delays, frequency offsets and receiver impairments

	Results for Synchronous GERAN Model

	  
	Configuration 2/3

40% Load
	Configuration 3

70% Load

	
	AFS 5.9
	AFS 7.95
	AFS 12.2
	AFS 5.9
	AFS 7.95
	AFS 12.2

	Conv. Equalizer CIR
	dB
	5.21
	6.50
	9.71
	5.20
	6.49
	9.63

	MIC/SAIC CIR
	dB
	3.06
	4.23
	7.03
	3.21
	4.39
	7.23

	Link Gain
	dB
	2.15
	2.27
	2.68
	1.99
	2.10
	2.40


Table 2 Link gain for 1% FER, synchronous GERAN model 40% and 70% load, including TSCs, delays, frequency offsets and receiver impairments
This gain by MIC is significantly improved compared to the initial result of 1.3 dB, which was achieved with an earlier version of MIC simulated without TSCs [12]. Due to the adverse effect of the TSCs in synchronous operation, the conventional receiver is degraded by about 0.7 dB. MIC is sensitive for TSC effects as well, but this could be more than compensated by further improvements of MIC. 


Figure 2
 shows the FER performance of TCH/AFS12.2, 7.95 and 5.9 for the synchronous 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 is 2.0 - 2.4 dB, depending on the coding scheme. The gain due to SAIC is of course lower, but 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, synchronous GERAN model, 70% load, including TSCs, delays, frequency offsets and receiver impairments

3.2 Total Bit Error Rate

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, synchronous GERAN model, 40% and 70% load, including TSCs, delays, frequency offsets and receiver impairments

The raw bit error rate measurement does not reflect the variation of bit error probability within a coding block and the soft decision output quality of the receiver. In synchronous networks, variation of the bit error probability within the block is mainly due to fast fading and interference characteristics (which is changing burst-by-burst due to random frequency hopping in reality, and more slowly in GERAN model, as explained in section 3.4 below). Since SAIC algorithms are generally known to be more sensitive on the interference characteristics, their bit error probability variation is often stronger than that of the conventional equalizer. Also the soft decision quality may differ between SAIC algorithms and the conventional receiver. For these reasons, gain in total BER is less relevant for SAIC performance assessment than the gain in total FER, which counts at the end.

3.3 Burst Bit Error Rate Mapping

Considering bit error rates on a per-burst basis and its dependency on the CIR of the respective bursts is known as an efficient technique for link performance prediction from power levels. Therefore mapping curves from burst CIR to burst BER are used for link quality calculation in network level simulations. A mapping curve based on the GERAN SAIC model at 40 % load has been provided to characterize MIC technology for use with configuration 2 and 3 network level simulations over a wide range of load. Even though different simulation assumptions  (e.g. no frequency offset) were used at that time, the mapping represents approximately the link performance presented here. Based on these curves, network simulations have already been accomplished [14]
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[15]. These Philips BER mapping curves [14], or updated versions thereof, are of course also available in tabular form for direct inclusion into network simulation by other interested companies.

3.4 Discussion

Even though good reasons were considered when deriving the GERAN model, there is still some concern that the model might be too pessimistic compared to reality in network operation. 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 (frequency hopping burst collision probabilities, affected by 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 of network simulations [12]. More detailed statistical analysis [16] does not show a pronounced dependency of median values of the interferer power ratios, but very strong adjacent channels can be seen in the inner regions (A1, B1, C1 and D1) for about 10% of the bursts. However, it is difficult to say if this aspect is advantageous or disadvantageous for SAIC.

· 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 cochannel interferers i1, i2 and i3 in the GERAN model can be seen as a partial workaround.

· The adjacent channel interference is often very asymmetric (also depending on MAIO management), while the GERAN model assumes only a moderate asymmetry by the assumption of one discrete adjacent channel interferer, which is close to the residual power level.

There is another point, which is sometimes optimistic in the GERAN model for synchronous networks:  

· Collisions of the same TSC between the dominant cochannel interferer and the desired signal occur in the GERAN model only if i2 or i3 become stronger than i1 due to fading, and e.g. in the 40% load case this probability is lower than observed in system simulations [11].

These concerns are basic difficulties when trying to represent the highly complex network situation by a link interference model specified by average values. Therefore it would be impossible to resolve these issues completely by further refinement of the GERAN model.

To cope with these modelling issues, a trace-based link simulation approach has been proposed in order to validate the results of network simulations. This approach has already been applied in [12]. It is depicted and proposed for inclusion into the feasibility study in [13]. The additional link simulation would complement the procedure for capacity estimation by providing more precise quality-of-service estimates and mappings delivered back to the company running the system simulations. This should make the results more reliable and robust.

Regarding the concerns about the GERAN model mentioned above, the trace-based link simulation suffers from none of these, since burst levels, TSCs and delays of a significantly higher number of discrete interferers can easily be used precisely. 

4 Conclusions

The extreme link CIR gain under single interferer measurement conditions [3] [4] is well known to degrade to a different extend in various practical situations. Already at moderate load, there are often critical locations in real networks where an MS is exposed to extreme interference from few sources and SAIC can be considered as a simple and very efficient means for troubleshooting. However, when GSM network capacity optimisation by SAIC is considered, worst-case load scenarios cause the interferer scenario to become most complex, as in the GERAN model configurations 2 and 3 [9]. The results presented in this paper fully support the strong capacity gain expectations from SAIC in synchronous networks.  MIC/SAIC technology shows significant improvements of 2.0  – 2.7 dB even under the extreme scenarios considered by GERAN. 

There are still concerns, that the defined GERAN interferer scenarios may not characterize the achievable gain fully appropriately. Several aspects could lead to pessimistic estimates, but regarding TSC aspect, which is relevant especially for synchronous networks, it may be too optimistic. 

The gains shown here have already been mapped into the second phase of system simulations, resulting in relevant capacity improvements. An additional validation step should be conducted with data transferred from system simulation to link simulation. This should not only give additional evidence to the capacity gains, but is expected to yield even better result for capacity improvements by SAIC. 

For assessment of SAIC gain, total FER is more relevant than total BER, which ignores the variation of bit error probability and the quality of soft decision information. The BER mapping is not as critical, since it takes the variation of the bit error probability from burst to burst into account.

Regarding progress of SAIC Work Item, it is proposed to define a uniform distribution for the delay, ranging from –1 to 4 symbols. For the frequency offset a simple model has been applied which may be sufficient, but a Gaussian distribution could be defined as well. 

Since the results presented in this document help characterizing the high capacity-enhancing potential of SAIC in GSM networks, we are seeking for consensus to include these results into the SAIC Feasibility Study. A specific text proposal will be prepared and submitted in this case.
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