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1 Introduction

This document analyses the performance gains which can be achieved by applying Diversity Interference Cancellation (DIC) for GSM/EDGE. The document shows significant gains that can be achieved in a rather easy way (it will not add much complexity to a basestation receiver). This solution does not need standardisation as far as we see now. The reason that we bring this contribution to TSG GERAN is that it allows comparing the results of this solution with other solutions, which may need standardisation. As such it will help the selection of solutions to be standardised.

Based on TS 45.005 the interference robustness of data services is much lower compared to voice. For instance GPRS CS-3 and 4 require very clean channel conditions in the order of 16 to 24 dB C/I. This differs much from what is needed for classical fullrate voice service. This makes the introduction of data services in an established network difficult. By use of interference cancellation the channel requirements for higher rate data services can be better aligned to what is required for voice. This makes the introduction of data services less problematic as it ensures higher data rates already at channel conditions, which are just suited for voice.

2 Simulation Assumptions

2.1 General Remarks and Complexity Issues

The main emphasis of this contribution is to demonstrate the full practical feasibility of the investigated interference cancellation. In general the main concern with such high sophisticated algorithms is (I) the required processing power and (II) the performance loss due to fixed-point implementation. 

In order to refute these concerns all baseband signals have been fully processed in real hardware using a standard fixed-point digital signal processor (DSP)  without special instruction set. The additional computational complexity of the applied interference cancellation for 8PSK is in the same order as a single-branch 8PSK equaliser. By further increasing the MIPS count a considerable performance improvement can be obtained which is not part of this contribution.

2.2 Simulation Setup

All simulations were performed in a mixed simulator / hardware environment. In the simulator the ideal baseband signals are generated. Then fading is applied and receiver impairments plus quantisation effects are modelled. The digital I/Q signal samples are then passed to a commercial fixed-point DSP where interference cancellation equalisation is performed. The softbits are passed back into the simulator where decoding is performed using a standard Viterbi convolutional decoder. The final step is the analysis of bit and block error rates.







Fig. 1: Simulation setup (including a digital signal processor)

2.3 Simulation Parameters

In this section the parameters of the simulation model are presented and some simulation assumptions are discussed.

All investigations have been performed based on a 2-branch receiver using a TU50 NH radio propagation channel. The radio frequency (RF) is 900 MHz. For all presented results uncorrelated fading is assumed for all respective fading generators, with the exception of section 4.2 where antenna correlation is assumed. The transmitter is providing an ideal signal without impairments. For the receiver an impairment model as presented in [1] is assumed. The error vector magnitude (EVM) is 3.5 %. In addition a constant (uncompensated) frequency error of 100 Hz is applied in the receiver.

The interferer is continuous in time, i.e. without ramping. This is similar to the scenario in a synchronised network. It is assumed that the interferer(s) have the same modulation type as the useful signal, i.e. for EGPRS MCS-5 to MCS-9 an 8PSK interferer is applied. For EGPRS results the effect of blind detection errors is not  taken into account. This was done in order to focus on the interference cancellation capabilities and keep separate effects out. 

Training sequence #0 has been applied for the useful signal. For the interferer a pseudo random bit sequence (PRBS) was used. Thus no training sequence was embedded in the interfering signal. However if the training sequence of the interfering signal is known a-priori in the receiver further performance enhancements are expected.
For GMSK modulation performance results are shown for GPRS, as this provides a variety of different code rates. Similar performance gains can be expected for other channels like AMR voice channels, etc.

2.4 Performance in a pure sensitivity limited Scenario

In a pure sensitivity limited scenario it can be proved by theory that maximum ratio combining (MRC) provides optimum performance. The receiver used for the presented simulation results includes an intelligent algorithm that allows for a soft transition between diversity interference cancellation (DIC) and MRC. This means that the sensitivity performance of the receiver is the same as for MRC. For some cases a diversity sensitivity performance loss of 0.1 to 0.15 dB was observed. This seems to be acceptable in view of the large gains which are achieved in interference limited scenarios. 

3 Results for GMSK modulation (GPRS)

In this section results for GSMK modulated packet data traffic channels (PDTCH) CS-1 to CS-4 are presented.

3.1 Single dominant Interferer

The figure below is obtained by applying only one interferer to the wanted signal. The interferer is present during the whole timeslot. For the useful signal an Eb/N0 of 30 dB was adjusted.
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Fig. 2:
Block error rates for GPRS CS-1 to CS-4 with one synchronous interferer, 
TU50 no FH, RF=900 MHz, Eb/N0=30 dB

Fig. 2 shows a large performance gain when compared to the specified values. The distance to receiver performance specification at 10 % BLER is exceeding 20 dB. 

3.2 Mixed Sensitivity and single dominant Interferer

In order to rate the performance in a mixed sensitivity and single interferer scenario an Eb/N0 of 12 dB was applied. This is equivalent to a signal input level of approximately –104.5 dBm when assuming a noise figure of 3 dB.
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Fig. 3:
Block error rates for GPRS CS-1 to CS-4 with one synchronous interferer, 
TU50 no FH, RF=900 MHz, Eb/N0=12 dB

Fig. 3 still shows very high interference robustness, especially for CS-1 and CS-2. For the uncoded transmission using CS-4 no such gains are possible with the applied type of algorithm.

3.3 Two Interferers

In a real network several interferers can be present at the same time. The ordered statistic of relative cochannel interference can be derived from Monte-Carlo simulations. The detailed results of [2] demonstrate the dominance of the strongest interferer. For this reason we assume a scenario with 2 dominant interferers having powers divided as 80 % and 20 % of the total interfering power, i.e. I1/I2=80 % / 20 %. The C/I shown in the figures is the total C/I from the two interferers.

The following figures in this section and in section 4.4 show results when two synchronised interferers (independently fading) are present.
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Fig. 4:
Block error rates for GPRS CS-1 to CS-4 with two synchronous interferers, 
TU50 no FH, RF=900 MHz, Eb/N0=30 dB, I1=80 %, I2=20 %

For the investigated case the performance is clearly reduced relative to the single interferer case. However the performance in terms of absolute numbers are still considerably better than what can be achieved with conventional maximum ratio combining. The margin to the values specified in TS 45.005 is in the order of 10 dB.

Enhanced Diversity Interference Cancellation

The following figure shows simulation results based on enhanced diversity interference cancellation (E-DIC). This result is the only one in this contribution, which is not based on DSP processing but on a pure simulator implementation. The computational complexity of this interference cancellation type is estimated to be 50 % higher compared to the algorithm used for all other results in section 3. Both interferers are equally strong in average, i.e. I1/I2=50 % / 50 %.
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Fig. 5:
Block error rates for GPRS CS-1 to CS-4 with two synchronous interferers, 
TU50 no FH, RF=900 MHz, Eb/N0=30 dB, I1=50 %, I2=50 %

It can be seen that transmission with CS-1 to CS-3 is still very robust against interference whereas CS-4 has clearly lower performance.

4 Results for 8-PSK modulation (EGPRS MCS-5 to MCS-9)

In this section the same assumptions and conditions apply as in section 3. However all signals are 8PSK modulated. 

4.1 Single dominant interferer

The figure below is obtained by applying only one interferer to the wanted signal. The interferer is present during the whole timeslot. For the useful signal an Eb/N0 of 30 dB was adjusted. 
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Fig. 6:
Block error rates for EGPRS MCS-5 to MCS-9 with one synchronous interferer, 
TU50 no FH, RF=900 MHz, Eb/N0=30 dB

For the single interferer scenario similar gains as for the GMSK case can be observed. The distance to specification (for single branch) is exceeding 20 dB.

4.2 Impact of high Doppler Spread

The impact of high Doppler spread on interference cancellation was studied using the RA250 radio propagation profile. Here the radio channel is varying significantly during the duration of a radio burst, which in general causes problems for low protected coding schemes (e.g. CS-4, MCS-4), especially in connection with 8PSK modulation (MCS-8, MCS-9).
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Fig. 7:
Block error rates for EGPRS MCS-5 to MCS-9 with one synchronous interferer, 
RA250 no FH, RF=900 MHz, Eb/N0=30 dB

It can be seen that the performance is degraded when comparing the RA250 case directly to the TU50 case (see fig. 6). Especially MCS-8 and MCS-9 require a quite high C/I in order to achieve reasonable block error rates. However MCS-5 to MCS-7 still show large gains when being compared to the specified values. So the algorithm is not specifically sensitive to high Doppler spread.

4.3 Impact of antenna correlation

In order to study the impact of antenna correlation the cross correlation coefficient between the signals of both antenna branches was varied between 0.0 (uncorrelated) and 0.8 (highly correlated).

Correlation
coefficient
MCS-5
MCS-6
MCS-7
MCS-8
MCS-9

0.0
-7.6
-5.4
0.5
6.6
10.9

0.2
-7.4
-5.1
0.7
7.0
11.4

0.4
-7.0
-4.6
1.3
7.9
12.5

0.6
-5.9
-3.4
2.6
9.7
15.1

0.8
-3.7
-1.1
5.6
13.6
19.0

Table 1: 
Required C/Ico in dB to achieve 10 % BLER for respective coding scheme




TU50 NH channel, Eb/No = 30 dB, 1 Synchronous Interferer

From table 1 it follows that a correlation up to 40 % has only relatively little impact on the performance gain. At higher correlation the performance of MCS-8 and MCS-9 is more affected than the better-protected coding schemes MCS-5 to MCS-7.

4.4 Two Interferers

(For explanation see section 3.3)
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Fig. 8:
Block error rates for EGPRS MCS-5 to MCS-9 with two synchronous interferers, 
TU50 no FH, RF=900 MHz, Eb/N0=30 dB, I1=80 %, I2=20 %

As for GMSK it can be seen that the performance gain with interference cancellation is clearly reduced compared to the ideal single interferer scenario. However the margin compared to the values specified in TS 45.005 for the single branch case is still considerable. 
For the I1/I2=70 % / 30 % case the performance is degraded by approximately 0.6 dB compared to the I1/I2=80 % / 20 % case displayed in fig. 8.

5 Conclusion

In this contribution receiver performance results for 2-branch diversity interference cancellation for GMSK and 8PSK modulation are presented. The main focus was to demonstrate the practical feasibility of such algorithms ant their potential to improve the GSM / EDGE radio interface. 

The results show a huge performance gain (15 dB and more) compared to maximum ratio combining (MRC) for the one interferer scenario. For a typical two-interferer case the gains are significantly lower but still considerable. A margin of approx. 10 dB is achieved for this case compared to the values specified in TS 45.005 for the single branch case. This is still 3 dB better than a conventional MRC receiver will perform. It is also shown for one example that enhanced diversity interference cancellation even allows for the cancellation of two equally strong interferers at the cost of higher complexity. 

The practical feasibility of the applied algorithms is demonstrated as the equalisation of the baseband samples has been done in a commercial digital signal processor (DSP). The complexity of the applied 8PSK interference cancellation in terms of MIPS count is comparable to a single branch 8PSK receiver. This seems applicable to a basestation (BTS) and to potential two branch high end mobile stations (MS). For one example the effect of antenna correlation has been studied. It turns out that a correlation coefficient of up to 40 % does not significantly degrade the performance of diversity interference cancellation. 
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