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1. Introduction

In RAN1#49bis, a way-forward was agreed on MU-MIMO containing, among others, the following working assumption:

· The CQI calculation at the UE is the same as for rank-1 SU-MIMO.

We consider the implications of this assumption and show that computing the CQI at the UE under the assumption of full-rank interference, rather than no intra-cell interference (as for SU-MIMO and rank-1) is beneficial for the achievable cell throughput.

2. CQI calculation

When computing the CQI, the UE cannot predict, in general, how many users will be scheduled by the Node B in the same subframe, which cause interference. Therefore, it has to make an assumption on the interference level. Under the working assumption made in RAN1#49bis on MU-MIMO operation, the UE assumes no intra-cell interference, i.e. it reports the CQI as in SU-MIMO mode and with rank-1 feedback. This can cause degradation in performance, especially when the interference at the receiver cannot be mitigated by, e.g. a receive beamformer. In fact, if the UE is equipped with a single antenna, the interference caused by one or more interfering users is non-negligible at medium-to-high SNR. On the other hand, if two antennas are available at the receiver and there is, for example, just one interfering user, the UE can nearly null out the interference and, in this case, the no-interference assumption in the CQI calculation is almost identical to the full-rank interference hypothesis. 

This is visible in the numerical results where we tested an implementation of the agreed way-forward for MU-MIMO with different assumptions on the CQI calculation. Fig. 1 and 2 show the spectral efficiency in a cell sector with 10 users. 

The simulations use unitary precoding; other assumptions are as in Table 1 of [3].

We notice that the full-rank interference hypothesis provides better results with one receiving antenna as the level of residual multi-user interference is non-negligible at medium-to-high SNR. For two receiving antennas there is not much difference between the two hypotheses, if we assume that the UE forms an MMSE receive beamformer to effectively null out the interferer. However, this assumes that the UE does not attempt any spatial mitigation of inter-cell interference.
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Fig. 1 Spectral efficiency vs. geometry for a 2x1 system with 10 users in the cell. “fullrank CQI” refers to the full-rank interference assumption, i.e. one interfering user in this case, whereas “rank1 CQI” refers to the assumption of no intra-cell interference.
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Fig. 2 Spectral efficiency vs. geometry for a 2x2 system with 10 users in the cell. “fullrank CQI” refers to the full-rank interference assumption, i.e. one interfering user in this case, whereas “rank1 CQI” refers to the assumption of no intra-cell interference. The receive beamformer is MMSE.

Fig. 3 and 4 show similar results for a 4x1and 4x2 system, respectively. We have used a 3-bit codebook, by selecting 8 different vectors from the Householder codebook for rank 1 SU-MIMO, defined in [1]. The 8 selected vectors consist of the first half of the Householder codebook and is identical to a 3-bit DFT codebook for 4-tx antennas. (A companion paper [2] considers which subset of the Householder codebook should actually be used.) We notice that the full-rank interference assumption still outperforms the rank-1 CQI calculation with 2 receiving antennas. This indicates that in a 4x2 system the MMSE receive beamformer cannot completely remove the interference and we get a better SINR estimate by assuming that there are 3 interferers.
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Fig.  Spectral efficiency vs. geometry for a 4x1 system with 10 users in the cell. “fullrank CQI” refers to the full-rank interference assumption, i.e. 3 interfering users, whereas “rank1 CQI” refers to the assumption of no intra-cell interference. A 3-bit codebook is used, consisting of the first 8 vectors of the Householder codebook for rank 1, defined in [1], forming a 3-bit DFT codebook.
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Fig. 4 Spectral efficiency vs. geometry for a 4x2 system with 10 users in the cell. “fullrank CQI” refers to the full-rank interference assumption, i.e. 3 interfering users, whereas “rank1 CQI” refers to the assumption of no intra-cell interference. A 3-bit codebook is used, consisting of the first 8 vectors of the Householder codebook for rank 1, defined in [1], forming a 3-bit DFT codebook.

3. Conclusion

In this contribution we have analysed one aspect of the working  assumption for MU-MIMO from RAN1#49bis, namely the assumption that the CQI calculation is the same as for SU-MIMO.

We have shown that the achievable cell throughput is benefitted by assuming full-rank interference in the CQI calculation at the UE, rather than no intra-cell interference.

We therefore propose that the working assumption should be modified so that the UEs consider full-rank interference when deriving CQI in MU-MIMO mode. 

We also observe that if the working assumption is not modified in this way, MU-MIMO becomes merely a special case of SU-MIMO, with the feedback rank from the UE’s being restricted to 1 for the feedback/precoding codebook definition and CQI generation. Therefore, the same result can be obtained by defining a single MIMO mode, and allowing the Node B to restrict occasionally the rank of the UE feedback report to 1. The UE’s would not know whether other users were sharing the same subframe or not. Therefore if the working assumption for the CQI definition for MU-MIMO is not modified as proposed above, we propose to remove MU-MIMO from the first release of LTE, and simply to allow the Node B to restrict the feedback rank to 1 in SU-MIMO mode. 
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