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1 Introduction

Single cell CSI feedback enhancements have been preliminarily discussed in [1] and presented in RAN1 #66bis Zhuhai, Oct. 2011. This contribution discusses several more detailed aspects of the proposal in [1], namely details of a) codebook enhancements and b) BCI/MU-CQI related concepts.
2 Possible Codebook Enhancements
Rel-8 codebook was mainly designed for SU-MIMO. In our perspective, MU-MIMO has been demonstrated as a good enhancement to SU-MIMO during Rel-10 and Rel-11 studies. Therefore, it seems meaningful to study if further codebook enhancements for MU-MIMO operation. Particularly 4Tx codebook enhancements may be considered because 4Tx is likely the most practical antenna configuration for MU-MIMO operation.
In Rel-10 8Tx studies, it has been shown that extending codebook alphabet from 16 PSK to 32 PSK can improve MU-MIMO performance by additional 5% on SLS. Such observation implies that MU-MIMO perhaps could benefit more from higher spatial granularity than SU-MIMO can. Therefore, if we intend to improve MU-MIMO with 4Tx, it seems reasonable to consider increasing spatial granularity of the codebook.
An obvious method to increase spatial granularity is larger codebook size, e.g., from 4-bit to 5-bit rank1 codebook, etc. Another less obvious method is antenna specific codebook, e.g., one codebook for closely spaced x-pol antenna, and another codebook for closely spaced co-pol antenna. We note that the two methods do not exclude each other.

Overall, for codebook enhancement, we would propose the following approach:

· Rel-11 codebook enhancements mainly target MU-MIMO performance improvement

· Finer spatial granularity than Rel-8 codebook may be useful for MU-MIMO operation

· Antenna specific codebook and/or larger codebook size may be considered to improve the spatial granularity
Moreover, the following questions should be addressed during the detailed codebook design:

1. Which antenna configuration(s) and scenario(s) is the optimization point?
At this stage, we have four combinations of antenna configuration and scenarios on the table [2][3], namely correlated x-pol and co-pol in Scn-A, and correlated x-pol and uncorrelated x-pol in Scn-C. However, it is not clear which one is the primary optimization point. Equally optimizing all four scenarios possibly makes it difficult to make conclusions, because likely different codebook has advantage in different configuration/scenarios.

2. Antenna specific codebook or unified codebook?
It is clear that different antenna configurations and scenarios may yield different channel characteristics, therefore may require different codebooks. From especially testing perspective, it would be ideal if we can have a unified codebook for all antenna configurations and scenarios, such as Rel-8 design. However it should be carefully analyzed if a unified codebook can achieve optimal performance with the same overhead as antenna specific codebook.
For example, at this stage, it seems that uncorrelated x-pol in Scn-C requires larger codebook size (12~16 bits) than other configurations [4]. Then, it remains unclear if it is worthwhile to apply the 12~16 bits codebook to other configurations because their performance likely saturate at most much less number of bits.
3. Preferred codebook properties?
There are a lot of nice properties of the Rel-8 codebook, such as nested, constant modulus, etc. In general, it would be nice to inherit those properties from Rel-8. Currently we slightly prefer to inherit nested property because this is also useful for MU-MIMO operation due to rank overriding. Other properties should be further discussed as well.
3 MU-CQI Related Enhancements

One possible way to enhance MU-MIMO performance is BCI/MU-CQI, i.e., an intended UE assumes that a certain TPMI is used for the paired UE, and report the corresponding MU-CQI. Intuitively such information is helpful for eNB side CQI update. However, there are still quite some remaining issues with this concept, such as 1) transmit precoding matrix of the paired UE may be not the same as the assumed BCI; and 2) reasonable feedback overhead constraint and latency.
The first remaining issue, i.e., residual CQI mismatch, is mainly because the BCI is purely assumed at UE side. One possible solution to the residual CQI mismatch is to allow certain signalling from eNB to UE to limit/indicate the precoding matrix potentially used for a paired UE, such as in [5].
The second remaining issue, i.e., feedback overhead reduction, is mainly on how to bundle the MU-CQI(s) associated with multiple BCI assumptions, in order to avoid excessive overhead in subband CQI reporting. The bundling method has been preliminarily discussed in [6][7], but further study still seems necessary in this area.
Overall for MU-CQI, we propose:

· Residual CQI mismatch may be resolved by additional eNB indication

· Overhead is mainly on how to bundle multiple MU-CQIs
4 Conclusions

In this document, we propose the following possible enhancement for Rel-11 DL MIMO:

Possible codebook enhancements:

· Rel-11 codebook enhancements may target MU-MIMO performance improvement

· Finer spatial granularity than Rel-8 codebook may be useful for MU-MIMO operation

· Antenna specific codebook and/or larger codebook size may be considered to improve the spatial granularity
BCI/MU-CQI related enhancements:

· Residual CQI mismatch may be resolved by additional eNB indication

· Overhead is mainly on how to bundle multiple MU-CQIs
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