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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 precoding codebook reuses (a subset of) the rank-1 SU-MIMO precoding possibilities defined for 2 and 4 transmit antennas.

We consider the implications of this assumption on the codebook construction. For 2 TX antennas the codebook is derived from DFT vectors. In the 4 TX antenna case, if the codebook size is set to 8 (3 bits), then we need to select half of the 16 vectors from the rank-1 SU-MIMO Householder codebook [1]. We show that the first 8 vectors of that codebook, which form a 3-bit DFT codebook, are to be preferred to the remaining half of the codebook, particularly with correlated antenna elements.

2. Codebook definition

Under the working assumptions, the precoding codebook for MU-MIMO with 4 TX antennas is derived by selecting a subset of vectors from the SU-MIMO codebook defined in [1] for rank 1. We consider the case of a 3-bit codebook for MU-MIMO, which requires the selection of half the rank-1 codebook for SU-MIMO and 4 TX antennas. We evaluate two different codebook selections: the first 8 vectors, which we denote as “part 1” codebook, are, in fact, the vectors of a 3-bit DFT codebook for 4 TX antennas, whereas the second 8 vectors (labeled “part 2”) have entries with equal amplitude and form two unitary matrices with no additional structure.

In Fig. 1 and 2 we compare the performance of these two codebooks in a correlated antenna case, with the antenna separation at ½ wavelength. We notice that the “part 1” codebook with the DFT structure yields better performance in a correlated scenario. Fig. 1 and 2 show results for a 4x1 and 4x2 system, respectively. 

The simulations use unitary precoding; other assumptions are as in Table 1 of [3].
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Fig. 1 Spectral efficiency vs. geometry for a 4x1 system with 10 users in the cell sector. “fullrank CQI” refers to the full-rank interference assumption, i.e. 3 interfering users, as described in [2]. Two different 3-bit codebooks are used. The first 8 vectors of the Householder codebook for rank 1, defined in [1], form a 3-bit DFT codebook (labeled as “part 1”). The second 8 vectors are labeled as “part 2”.
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Fig. 2 Spectral efficiency vs. geometry for a 4x2 system with 10 users in the cell sector. “fullrank CQI” refers to the full-rank interference assumption, i.e. 3 interfering users, as described in [2]. Two different 3-bit codebooks are used. The first 8 vectors of the Householder codebook for rank 1, defined in [1], form a 3-bit DFT codebook (labeled as “part 1”). The second 8 vectors are labeled as “part 2”.

3. Conclusion

In this contribution we have analysed one aspect of the working assumption for MU-MIMO from RAN1#49bis, namely the assumption that, for 4 Tx antennas, the precoding codebook reuses (part of) the rank-1 SU-MIMO codebook.

We conclude that, if the codebook size is 3 bits, and in a correlated antenna scenario, the preferred 8 vectors of the Householder codebook are the first 8, having a DFT structure. 

Therefore we recommend the following in the case of UE feedback based on 3 bits:

· If the final specification for MU-MIMO defines all 16 vectors of the Householder codebook with semi-static selection of a subset, then the signalling should be designed to facilitate the selection of the first 8 vectors.

· If the final specification for MU-MIMO only defines 8 vectors, then these vectors should comprise the first 8 vectors of the Householder codebook (i.e. having a DFT structure).
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