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1. Introduction

The performance of SAIC-capable receivers in current EGPRS systems has not been studied in detail by the SAIC Feasibility Study. This contribution discusses the general problem of performing EGPRS link adaptation with improved receivers using the currently-specified link quality reporting methods, and discusses two potential solutions using:

a) network-based link adaptation mappings based on mobile performance type, and

b) mobile reporting of complementary modulation measurement statistics.
2. Link Adaptation Approach
Since there are obvious difficulties in presenting detailed link adaptation algorithms, a simple but illustrative link adaptation method that maximizes throughput as a function of mean bit error probability (BEP) and the coefficient of variation of BEP (CV) is used here. Details of the construction and filtering of BEP and CV can be found in [1]. Although more complex link adaptation methods could be used, this illustrative approach allows us to study the problems with selecting an optimum MCS when SAIC mobiles are deployed. 

Under this illustrative scheme, when performing link adaptation for conventional receivers only, two tables (one for each constellation – GMSK and 8PSK) can be created for use by the network, showing the throughput of all nine modulation and coding schemes versus respectively GMSK BEP and CV or 8PSK BEP and CV.  REF _Ref54669505 \h 
 Figure 1 (Appendix A) shows an example of the throughput of the different modulation and coding schemes (MCS 1-9) vs. the GMSK BEP and CV measurements for a typical conventional receiver. Using this table, the network can select an optimum MCS of either modulation type
.

Usually, the BEP and CV measurements are sent to the base station with every acknowledgement message. If more than one modulation was used during the polling period, the mobile will typically report the measurement associated with the modulation used most often during that period
 Given the measurement data, the base station determines which MCS will maximise throughput and then selects that MCS for subsequent transmissions, using for example Figure 1, and a complementary map based on 8PSK measurements (this is not shown, but a total of two mappings are required).
Retaining such a dual-map approach, where the mappings are based on conventional receivers presents problems, however, for SAIC terminals. Assuming that enhanced performance is available for MCS 1-4 only
, such enhanced mobile devices would cause the network to switch from GMSK to 8PSK modulation prematurely, since – for a given C/I ratio – the BEP and CV statistics will indicate superior link quality than would be made available by a conventional receiver.

Such premature transitions can lead to:
a) complete loss of packets, and
b) stalling of the RLC window

Obviously both of these situations are to be avoided, since the system will be forced to retransmit packets continuously. Nevertheless, the problem is not catastrophic since the next measurement report will largely contain 8PSK BEP and CV measurements and will most likely result in the selected MCS reverting to GMSK. In the worst case, however, for users in this MCS modulation-type transition region, the throughput would be degraded by approximately 50% as the 8PSK blocks will likely almost always be discarded.

An obvious solution to using only one set of tables would be to create a second set for SAIC mobiles. This solution would of course require that:
a) conventional and enhanced mobiles be identified either by explicit signalling, or by inferring type based on network-based performance observations (likely not straightforward), and
b) SAIC terminal performance is uniform, regardless of receiver implementation and interference conditions,

To illustrate the new approach, a second set of mappings was created, and the mapping corresponding to the GMSK BEP and CV measurements appears in Figure 2 (Appendix A).  REF _Ref54675237 \h 
 Note that this mapping does not reflect the performance of a simulated SAIC receiver; rather it is constructed by assuming a uniform 3dB gain in performance for the GMSK MCSs, and – since the throughput maps are constructed from the perspective of GMSK BEP and CV – results in a relative shift in the 8PSK throughput curves to higher GMSK BEP values.
Taking this revised mapping as example, it can also be observed that care may need to be taken with BEP measurement dynamic range when there is a large difference in performance between GMSK and 8PSK modulation types. In Figure 1, for example, it can be seen that – due to the limited BEP dynamic range – 8PSK is not selected until the last GMSK BEP measurement quantile.
3. Mobile Measurement Approach
An alternative approach would be to have the mobile station generate and report measurements for both modulation types, regardless of the set of observed types observed over the reporting interval. As stated above, this may lead to some modest loss of uplink efficiency, but this can probably be neglected. Obviously, a change to the specification will be required.
This would require the mobile station to generate an estimate of the measurement statistics for the complementary modulation type, that is:

a) an estimate of the 8PSK BEP and CV when only GMSK-modulated symbols are observed, and 

b) an estimate of the GMSK BEP and CV when only 8PSK-modulated symbols are observed.
Alternatively, some method of ‘sounding’ the channel with bursts using the complementary modulation type is conceivable. It might even be conceivable to define an alternative burst definition that supports some combination of modulation types.
The complexity of this task would depend on the receivers implemented for each modulation type, and the required accuracy of the resulting measurement statistic. Further, dependencies on the type of interfering signal might also have to be taken into account in an EGPRS network where mixed interferer types would be encountered.
4. Conclusions

The application of enhanced receivers to EGPRS links does appear to present a non-trivial challenge that has not been considered in detail by the Feasibility Study. At least two approaches to the problem appear to offer some opportunity for progress, however,, including a) selective link adaptation mappings dependent on receiver type, and b) reporting of complementary modulation statistics. Both approaches have advantages and disadvantages:
· Selective link adaptation mapping:

· requires signalling to support a receiver class identifier,
· implies that receiver implementations of the same class have broadly similar performance, and
· that variations in receiver performance due to the interference environment are predictable.
· Complementary modulation statistics:
· the BEP and CV measurement dynamic ranges may need to be re-visited,
· accuracy of the complementary measurement report may be reduced,
· the measurement report signalling will have to be revised
From the perspective of the SAIC Feasibility Study Technical Report (TR), one possible approach would be to outline prospective approaches to problem – such as those above – but to also specify in the TR that the topic requires further study before definitive conclusions can be reached.
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Figure 1.- Throughput of a conventional receiver for all 9 MCSs
as a function of GMSK BEP and CV.
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Figure 2.- Throughput of a synthesized SAIC receiver for all 9 MCSs 
as a function of GMSK BEP and CV.





































� The simulation experiment was designed so that all nine coding schemes were sent through the same multipath channel under the same interference conditions, permitting the throughput associated with all MCSs to be reported in term of GMSK-specific measurements.


� The current specification does support reporting of measurements for both modulations if both modulations have been observed during the reporting period, but of course this need not occur in practice, and this approach  incurs some minor uplink efficiency penalties.


� So far, only significantly enhanced link performance based on GMSK desired signals with GMSK interferers has been reported to the GERAN Feasibility Study.


� Incremental redundancy will also mitigate packet loss  to some extent.


� The link level simulations offered so far to the Feasibility Study suggest significant dependence on the interference environment (e.g. DIR) – a characteristic not shared by some conventional receivers..


� More generally, if a small number of blocks of either modulation type were present during a reporting interval, the additional step of assembling a report which would be a combination of observed and inferred statistics might be required.








