TSG-RAN WG1 #48

R1-071092
St. Louis, Missouri, 12-16 February 2007

Source: 
Philips

Title:
Specifications required for support of precoding feedback for SU- and MU-MIMO

Agenda Item:
6.7.2 

Document for:
Discussion

1. Introduction

In previous meetings, various schemes have been proposed for both SU- and MU-MIMO, e.g. [1]-[4], which show considerable similarities in terms of specification requirements. There are at least three main aspects that need to be considered in the specifications for the support of SU- and MU-MIMO in the downlink

1) Feedback information from the UE to the Node B to allow precoding at the Node B

2) Definition of a default set of codebooks shared between Node B and UE’s, for the feedback generation

3) Signaling from the Node B to the UE’s to allow correct data signal detection

In this contribution we briefly consider 1) and 2) and highlight some common requirements of the various schemes proposed. 3) is discussed in more detail in [5].

2.  Specification requirements for support of SU- and MU-MIMO

In case of rank 1 feedback, the UE would report an index selected from a codebook, which represents a preferable precoding vector, in case of SU-MIMO mode, or a quantized representation of an effective channel, in case of MU-MIMO mode. 

The main theoretical reason for distinguishing between the two types of feedback is that in SU-MIMO mode the interference is generated by spatial layers multiplexed to the same user, whereas in MU-MIMO mode different layers are meant for different users. As a consequence, in SU-MIMO mode the crucial processing is carried out by the UE, which has to detect all the spatial streams and can apply joint detection to achieve this. Conversely, in MU-MIMO a crucial role is played by the Node B in minimizing the interference produced by multiple layers by means of precoding, as each UE is interested in a single layer and joint processing at the receiver side is assumed to be impractical. 

Additionally to this codebook index, each UE would report a real-valued channel quality indicator (CQI), which in both SU- and MU-MIMO allows the Node B to estimate the received SINR when precoding is applied at the transmitter and spatial processing is applied at the receiver.

The case of feedback for rank higher than 1 is limited to SU-MIMO mode. In this case the UE needs to report the preferred spatial rank and indication of additional precoding vectors, depending on the reported rank. Moreover, the Node B has to be able to estimate the SINR for each received spatial stream, which can be allowed by reporting multiple CQI’s or 1 CQI for the layer decoded first and additional differential (“delta”) CQI’s.

A minimum set of codebooks needs to be specified, which can be shared between SU- and MU-MIMO mode. Various contributions have shown the advantages of the DFT-based codebook, both in terms of performance in the most likely deployment scenarios and complexity in feedback calculation. This codebook can be assumed as the default codebook. However, this does not exclude the possibility that one or more custom codebooks can be communicated to one or multiple UE’s by means of higher layer signaling.

3. Conclusions

In this short contribution we briefly discuss the basic specification requirements for support of both SU- and MU-MIMO modes. In view of the commonalities between various SU- and MU-MIMO schemes discussed in previous meetings, we propose that

1) for rank 1 feedback, each UE should report a codebook index, which is an indication of a preferable precoding vector in case of SU-MIMO mode, or a quantized representation of an effective channel for MU-MIMO mode. The UE also reports at least one real-valued CQI (exactly one for MU-MIMO mode), which allows the Node B to estimate the received SINR.

2)
the DFT-based codebook is specified as a default codebook for both SU- and MU-MIMO modes. This does not preclude the possibility that different codebooks can be communicated to one or more terminals by means of higher level signaling.
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