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SAIC - Link adaptation for EGPRS

1 Introduction

Recently the question was raised whether there could be any problems when using Single Antenna Interference Cancellation (SAIC) in conjunction with EGPRS link adaptation. In the present document this issue is discussed. It is found that there is indeed a risk that the full SAIC gains would not be realised. Fortunately, there are simple ways of mitigating any problems with only minor changes to the GSM/EDGE standard. 
2 Problem description

The root of the complications is that current SAIC algorithms (as presented in TSG GERAN) only give performance gains when the carrier is GMSK-modulated. Further, the gain from SAIC depends strongly on the number and relative strengths of the interfering signals. The issue is further complicated by the fact that the transmitted power may not be the same with 8PSK  as with GMSK. Consequently, it is difficult for the network to estimate the performance with one modulation based on link quality reports for the other modulation.

As an example of the potential problem, consider EGPRS DL transmission where the currently selected MCS is GMSK-modulated. Further assume that the radio environment is suitable for SAIC and that the C/I is high enough to give link quality reports from the terminal indicating very good quality, i.e. very low GMSK Bit Error Probability (BEP)
 is reported to the network. The network, which does not know that SAIC is an important reason for the low GMSK BEP will switch to 8PSK. If SAIC does not give gains with 8PSK modulation, there will be many block errors, and many blocks may be lost before the network receives a new link quality report from the terminal and realises this and switches back to GMSK modulation. There may then be switches back and forth between the modulations (ping-pong effect), in the worst case resulting in about 50% of the blocks being retransmitted. 

As a further complication, one could also imagine a situation where the network is using 8PSK modulation and refrains from switching down to GMSK modulation eventhough GMSK modulation would give higher throughput. Without SAIC, GMSK is normally optimal only at very low C/I levels, and if the network is unaware of the SAIC gain, it could remain at 8PSK modulation, even if GMSK would give better performance.

3 Link Simulations

In this section results of link simulations are presented. The purpose is only to illustrate the principles of the link adaptation problems, and not to evaluate the performance impact in a typical situation. To this end, a worst-case scenario was selected and several simplifying assumptions were made in the simulations.

3.1 Assumptions

Three cases were simulated:

Case 1. The receiver does not have SAIC. The link adaptation is ideal (optimal MCS is always selected).

Case 2. The receiver has SAIC with a gain of about 8 dB (only for GMSK modulation). The link adaptation algorithms in the network are assumed to be the same as in case 1, i.e. it selects MCS based on BEP reports in the same way and is not aware of the fact that the relative performance of GMSK and 8PSK is different. This algorithm is thus not ideal for the SAIC receiver.

Case 3. The receiver has SAIC with a gain of about 8 dB (only for GMSK modulation). The link adaptation algorithms are assumed to be ideal for the case of 8 dB SAIC gain (i.e. the optimal MCS is always selected).

In all cases the BEP reports are assumed to be perfect and pure link adaptation (LA) was used, i.e. no incremental redundancy (IR). Also, in contrast to a real system, it is assumed that retransmissions can be made with any MCS, not only an MCS within the same family (i.e. any segmentation problems are ignored). All simulations were made for a static channel as the problems are expected to be the largest in this case.

3.2 Results

The results of the simulation are shown in Figure 1. As can be seen by comparing case 3 (the black curve with circles) and case 2 (the red curve with stars), much of the SAIC gain is lost by using an algorithm that does not correctly know the difference in relative performance between GMSK and 8PSK. Furthermore, in the region between 3 and 8 dB, the performance is reduced by about 50% even compared to case 1 (the performance without SAIC, blue solid curve), i.e. introduction of SAIC makes performance go down substantially.

3.3 Discussion

It seems that introducing SAIC might lead to performance problems. The problems occur in the transition region between GMSK and 8PSK modulations, which in the case of a static channel as shown here is at rather low C/I level, but would occur at higher levels under other channel conditions. 

It should be emphasised, though, that the simulations here were simplified. Also, what has been studied is probably the worst case, for several reasons:

· In the typical situation in a real network the interference environment will often be more complicated than just a single co-channel interferer, and the SAIC gains may often be smaller (perhaps 3 dB on average instead of 8 dB). This reduces the problem. On the other hand, in certain areas of the network, there may still be large gains from SAIC.

· Incremental redundancy (IR) was not used here. Use of IR should reduce the impact of the problem, and every terminal needs to support IR. On the other hand, IR efficiency may vary and if the memory is full due to many retransmissions, IR will also not be useful.

· A static channel was used in the simulations. The problem can be expected to be less severe for fading channels where the bit rate curves for individual MCSs are less steep and the choice of optimal MCS thus less crucial.
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	Figure 1. Bit rate as a function of C/I for three different configurations of receiver and link adaptation algorithm. What is shown is a worst-case scenario – in typical situations the problems would be considerably less severe. Also, several simplifying assumptions were made in the simulations. 


4 Potential Improvements

4.1 Proposed Solution

The problems would obviously be eliminated if the terminal would report BEP not only for the modulation that is currently being used, but also for the other modulation. This is not permitted by the current standard [1]. However, as the terminal is already today required to report BEP for both modulations in certain situations (when blocks of both modulations have been received since the last measurement report), the relevant reporting fields are already available, and reporting of BEP for the unused modulation could be introduced without any protocol changes. 

The main potential complication is that the terminal would have to estimate BEP for a modulation that has not been used, which may present certain difficulties. On the other hand, such a conversion between BEP for different modulations is already today performed, explicitly or implicitly, by the network. As the conversion depends on the individual terminal’s relative performance of GMSK and 8PSK modulations, it would seem more natural to let the terminal make the conversion, even disregarding SAIC. 

It must be emphasised, though, that estimation of BEP for a modulation not used is a difficult task. Such BEP estimates cannot be expected to have the same accuracy as BEP estimates based on actually received blocks. On the other hand, a rough idea about the link performance with the other modulation should be enough to significantly improve the situation described above. Consequently, the requirements on BEP reporting accuracy should be set significantly lower for the unused modulation.

4.2 Possible extension

The performance difference between GMSK and 8PSK depends not only on the particular receiver algorithm and the interference situation, but also on the transmitted power of the respective modulations. This power difference, usually to the disadvantage of 8PSK, depends on the power amplifier of the BTS and whether the BTS is transmitting at maximum output power. Therefore, it is not known to the MS, which complicates the estimation of the BEP for the other modulation. A possible solution to this is to add signalling of the power difference to the MS in some RLC/MAC control messages sent on downlink. Another solution is that the network tries to compensate for the power difference by modifying the BEP estimates for the other modulation.

4.3 Alternative Solutions

One may think also of other solutions. For example, when transmitting using GMSK modulation, the network could occasionally send radio blocks with 8PSK modulation to probe the performance. A disadvantage of this method is that it would reduce the bit rates as the 8PSK blocks will often not be correctly decoded and hence not convey any useful bits. This is particularly true because a fairly large number of 8PSK blocks would probably have to be transmitted in order to achieve a reliable link quality estimate given the rather large statistical variations of a realistic channel. 

Yet another way could be to let the terminal decide whether a switch to 8PSK modulation on DL should be allowed, e.g. using an extra signalling bit. This approach would, however, not be consistent with the general strategy for EGPRS link adaptation to let the network make all decisions.

Reporting of BEP for the unused modulation, as proposed in the previous section, does not suffer from any of these drawbacks.

5 Summary

It has been shown that the combination of SAIC and EGPRS link adaptation may potentially lead to incomplete realisation of the SAIC gains. It is pointed out that a simple way to circumvent such problems would be to let the terminal report link quality (BEP) also for a modulation (GMSK or 8PSK) that is not currently being used. The impact on the standard would be minor, and the solution could be beneficial also in a more general case without SAIC as a means of coping with different relative performance of GMSK and 8PSK modulations in terminals from different manufacturers.

It should be noted that the accuracy of the estimation of BEP for the modulation not being used inevitably will be significantly less than the accuracy for the used modulation, due to the complex relation between link quality and performance. Still, a rough estimation should be sufficient to solve most of the problems described.
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� Link quality in EGPRS is reported as MEAN_BEP (average BEP) and CV_BEP (coefficient of variation of BEP), which quantities are for brevity collectively referred to as BEP in this document.





1(1)
4(5)

