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Modulation types for VAMOS Interferer Profiles

1 Introduction

There are ongoing discussions in GERAN regarding the performance requirements for VAMOS. According to the working assumptions [1], the interferer profiles are currently assumed with interference contributions from other cells being each QPSK modulated in DL and GMSK modulated in UL. This document discusses design aspects for interferer profiles in GERAN and comments on proposals to revise these working assumptions. Section 2.1 on DL is an update of an earlier contribution [2] (changes highlighted), while the rest is changed completely. 

2 Discussion

During the evolution of GSM speech standards, increasingly complex interferer profiles had to be applied in the specification. While GSM started with the classical co-channel and adjacent channel interference performance in addition to the sensitivity performance, use of frequency hopping had to be supported by an additional test with an interferer which is present only in part of the bursts. These tests on extreme cases ensure that receiver implementations handle any combined cases at a performance level which can be reasonably expected (e.g. from power addition of multiple interferers including adjacent channels with fixed ACP). 

This situation changed with DARP receivers, which achieve more performance improvement if a single interferer is dominating over all other interferers. The structure of the interference had to be represented in more detail in the interference profiles. Single and multiple interferer profiles DTS-1 and DTS-2 requirements are both tested. Because the interferer scenarios occurring in network operation will typically vary somewhere between these extremes (at some dominant interferer ratio, DIR), the combination of both requirements basically ensures that receiver implementations could handle any interferer scenarios at a performance level which could be reasonably expected (from the respective DIR). The combination of these interferer profiles in the DARP specification even covers the basic interferer scenarios of VAMOS to some extend and thus enables VAMOS pairing of legacy SAIC phones.

In a GSM system, DTX of a user in an interfering cell is just switching off an individual interferer contribution and does not require specific interferer profiles. This is different in a VAMOS system, because there is also the case of only one subchannel transmitting in a VAMOS pair, and this case is even more likely than both transmitting (e.g. for voice activity factor 0.6 [from 45.914]). Especially in the DL, DTX changes the modulation type from QPSK to GMSK for most of the time and this fact must be carefully considered for the design of interference profiles. In the UL, DTX has less impact because the modulation type is GMSK for each VAMOS subchannel in an interfering cell, so that just more interferers are typically present compared to a GSM system.

Design aspects for interferer profiles are considered separately for DL and UL in the following.

2.1 Downlink interference tests

This section is an update of the proposal [2], changes highlighted (additions underlined). For the downlink, the interferer profiles MTS-1, MTS-2, MTS-3 and M-ACI are currently assumed with all interferers being QPSK modulated [1]. This well reflects the case of an AQPSK wanted signal under dominating AQPSK interference with balanced subchannel power.

In practical VAMOS operation, downlink power control will often use non-zero SCPIR for a VAMOS pair and there will also quite often be one of the sub-channels in DTX, replacing the QPSK modulation by more GMSK-like AQPSK modulation with positive SCPIR or by true GMSK in case of DTX. Therefore the interference from any other cell operating VAMOS and sending the strongest interferer will be GMSK modulated most of the time. 

In [3], clear evidence has been provided that far better link performance can be achieved in the case of an AQPSK wanted signal under dominant GMSK interference compared to the QPSK interference case of the working assumption. The high probability of presence of this easier case can be expected to strongly contribute to increase of network capacity by DTX diversity based on VAMOS-II terminals. The case of an AQPSK wanted signal under dominant AQPSK interference with non-zero SCPIR can be assumed to further reduce the probability of presence of a dominating QPSK modulated interferer and deliver performance in-between the cases of QPSK and GMSK interference.

On this basis, the case of an AQPSK wanted signal under dominant GMSK interference should be tested in a single (MTS-1) and a multiple interferer profile (MTS-2) for few channels (to keep the number of tests low). Therefore the following additional working assumption is proposed:

"An additional set of downlink interference test cases with GMSK modulated external interferers will be applied for VAMOS-II. This set will be only a subset of the downlink interference test cases with QPSK modulated external interferers."

Better performance requirements for GMSK interference (compared to QPSK) will ensure receivers  to take benefit from the quickly varying interferer modulation type in VAMOS systems. Due to DTX probability in the dominant interferer, this performance improvement applies to the BER of more than half of the bursts, either based on MTS-1 (if there is a single GMSK interferer) or approximately based on MTS-2 (when disregarding the modulation type of the remaining interferers). There will be more or less improvement for any actual DIR in the burst. The improvement will propagate into the FER of speech frames based on the interleaving.
2.2 Uplink interference tests

For the uplink, the interferer profiles MTS-1, MTS-2, MTS-3 and M-ACI are currently assumed with all interferers being GMSK modulated [1]. This is very similar to DARP Phase 2 specification.

VAMOS Uplink Test Scenarios VUTS-1, VUTS-2 and VUTS-3 have been proposed which each comprise a pair of interfering GMSK modulated signals at equal power with independent fading  [4]. This proposal has been intensively discussed at VAMOS telco #10 including some new aspects [5].

VUTS-1 would be more complex than the single co-channel interferer MTS-1 and represent to some extend the multiple co-channel interferer aspects of MTS-2. However, replacing two different interferer profiles by a single profile will always reduce test coverage with regard to the typical variety of interferer scenarios in network operation, regardless if this single profile is more typical than the extreme profile MTS-1, which is expected to be directly realistic in only maybe 10% of the bursts.

Furthermore, if MTS-2 is replaced by VUTS-1, this would make a gap in test coverage for joint occurrence of co-channel and adjacent channel interference, which is another relevant aspect of MTS-2. To cope with this aspect in a simpler way than MTS-2, an additional test scenario could be added which for example consists of a GMSK co-channel and a GMSK adjacent channel interferer. 

VUTS-2 consisting of two adjacent channel interferers on one side of the wanted channel is unnecessarily complex and would provide basically the same test scope as M-ACI. The results can be different for VUTS-2 due to the reduction of the fading by adding two faded signals, but this effect should be nearly perfectly represented by power addition of M-ACI interferers. Therefore M-ACI is deemed completely sufficient as a specific test for single-sided adjacent channel interference.

3 Conclusions

An additional working assumption for the downlink interference profiles is proposed. A possible change in the working assumptions for the uplink interference profiles is considered. 
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