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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 all interferers being QPSK modulated in DL and GMSK modulated in UL. This document reviews proposals to revise these working assumptions, which could not be concluded at GERAN #45 [1].

An earlier version has already been presented in GERAN Telco on VAMOS #9.
2 Discussion

Speech service is rather symmetric between DL and UL in VAMOS mode, while there is an inevitable difference in modulation when both subchannels are active (AQPSK in DL versus 2x GMSK with independent fading in UL). DTX is typically used in the same way for both DL and UL, and therefore GMSK modulation is applied in DL and in UL whenever one of the respective subchannels is unused. The use of GMSK is even still dominating in VAMOS mode, because the probability of both subchannels being active at the same time is far lower than the probability of only one subchannel being used (if, for example, each subchannel is used only half of the time). This fallback into the case that most often only data of a single user are transmitted over a slot can be understood as VAMOS exploiting DTX diversity gain quite directly for better link performance and also for reduced interference load.
2.1 Downlink interference tests
The situation in downlink has been summarized in a document at GERAN #45 [2]. The proposal is included here again, but rephrased based on document [1].

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 for a relevant CCI scenario and 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."
To reduce the number and complexity of the downlink tests, also removal of e.g. MTS-2 or definition of simpler multi-interferer test cases should be considered.
2.2 Uplink interference tests

The situation in uplink has been analyzed in a document at GERAN #45 [4] and considered further for discussion at Telco #9 on VAMOS [5]. 
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 well reflects the case of DTX of one of the VAMOS subchannel users in an interfering cell or very strong power uplink SCPIR between the two users reusing the same slot in that cell. It is worth noting that SCPIR between the two GMSK signals interfering from that cell is quite likely to be more extreme than the SCPIR of wanted uplink signals, because UL power control will be used in that cell to reduce the SCPIR of the wanted uplink signals to the serving cell antenna, while the radio link to the interference victim cell is not controlled and may even be completely shadowed for one of the users (see Figure 1 in Annex). Therefore mainly the case of both subchannel users in an interfering cell being active simultaneously on the same slot and happening to be received as similar interference levels is not covered by the current working assumption. Furthermore, cases of multiple interfering cells may be insufficiently covered (especially by MTS-1).
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 independently fading  [5]. 
In the following some comments are given for further discussion along the list of reasons for change given in [5]:
1. The fact that different receiver architectures (JD and SIC as highlighted in the Annex of [5]) perform quite differently may be seen as a motivation for further investigation and tight specification, because also a single interferer must be expected to be a typical inteferer case for VAMOS. This applies even in deployments for high voice capacity, due to DTX and stronger SCPIR in UL interference, as explained before. 
2. The legacy signal levels of interference tests tend to introduce sensitivity limitation of the performance if not only the exceptional case of two equally strong GMSK modulated signals is assumed.
3. There seems to be a general working procedure of GERAN to apply mainly the same modulation for interferer and carrier. But the random nature of VAMOS signals is a new aspect which needs to be considered.

4. Given the symmetry of DL and UL VAMOS speech service, some symmetry of test cases looks advantageous. However, for the DL there is a proposal to enhance the test coverage by variation in the opposite direction (as summarized in Section 2.1 above), which should also be considered here for any comparison of UL and DL.

5. Complexity of multi-interferer test cases is certainly a matter of concern. Therefore reduction of the number of fading generators should be appropriate not only for UL, but also for DL (see Section 2.1 above).
6. The independent fading of a pair of uplink GMSK interfering signals could to some extend model also single GMSK interferer cases, but this could be easier and more efficient by testing single GMSK and multiple GMSK interferers in separate tests.

3 Conclusions
The document serves as an update of an earlier contribution [3] which proposes a revision of the working assumptions regarding downlink performance requirements.
Taking the symmetry of speech services into account, also aspects of uplink performance requirements have been considered. This discussion should help covering the variety of different link performance situations in VAMOS networks by a well-designed set of suitable test cases for downlink and uplink. 
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Annex
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Figure 1: Example of different SCPIR in uplink 
from MS3 and MS4 to serving BTS 2 (green) and victim BTS 1 (red)

Figure 1 shows an example of two cells and four phones from a network communicating at the same frequency and time slot in VAMOS mode. The length of the arrows is supposed to give a coarse indication of the path loss. Uplink power control in BTS 2 tends to make MS 4 send lower power than MS 3 in order to minimize uplink SCPIR received at BTS 2 antenna (green arrows). The path from MS 4 to BTS 1 may be completely shadowed by an obstacle (e.g. a mountain or buildings), so that the interference into BTS 1 would be only the GMSK modulated uplink signal originating from MS 3 (red arrow). Even if there is no obstacle, the path loss from MS 4 to BTS 1 will be higher than that from MS 3 to BTS 1 due to the distance in the case shown in the Figure. Thereby the variation of UL signal strengths of externally interfering VAMOS subchannels (red arrows) is higher than the SCPIR seen by the serving cell.
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