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1. Introduction

During RAN1#49bis, several decisions related to MU-MIMO have been done [1] including that LTE MU-MIMO should be designed mainly for correlated antenna scenarios. There have been discussions during the MIMO adHoc session if frequency dependent precoding for MU-MIMO operation would be needed. In this contribution we investigate the effect of the precoding granularity on the MU-MIMO system performance in case of varying TX antenna correlation. 
2. Numerical Results
System simulations were made with the following assumptions:
· 2x2 antenna configuration
· TU Case 1 channel model.
· TU20 PDP used with varying spatial correlation
· 10MHz bandwidth
· 20 users per sector
· Precoding based on SU-MIMO codebook (1-4-1) 
· The receiver is an LMMSE receiver which may be aware of the interfering UE or not
· Multiuser CQI is computed from single-stream CQI as described in [2].
· Frequency domain packet scheduling according to the investigations in [2] – scheduling granularity of 5RBs
· Precoding granularity of 5RBs or 50RBs (a single precoder reported for the full bandwidth)
Following schemes were simulated:

· PARC: 2x2 PARC with STTD as fallback mode

· UN-Prec-5RB: unitary precoding, Rmin = 512 kbps, SU-MIMO codebook – precoding granularity of 5RBS
· UN-Prec-FBW: unitary precoding, Rmin = 512 kbps, SU-MIMO codebook – single precoder for the full bandwidth

· ZF- Prec-5RB: ZF precoding, Rmin = 512 kbps, SU-MIMO codebook – precoding granularity of 5RBS

· ZF- Prec-FBW: ZF precoding, Rmin = 512 kbps, SU-MIMO codebook – single precoder for the full bandwidth

The simulation methodology related to user selection and scheduling with minimum bit rate is the same as in [2]. 
Figure 1 shows the achieved system throughput for the different MU-MIMO schemes and SU-MIMO as reference for Case 1 channel model as a function of spatial correlation at TX side with the receiver being aware of the multi-user interference. In Figure 2 simulations results for the case of the receiver being not aware of the interference are shown.
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Figure 1. Average sector throughput for various schemes as a function of spatial correlation at TX side assuming Case 1 and a receiver that is aware of the multi-user interference.
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Figure 2. Average sector throughput for various schemes as a function of spatial correlation at TX side assuming Case 1 and a receiver that is aware of the multi-user interference.

For low TX correlations, having frequency dependent precoding reporting shows a gain of ~4% compared to the case of unitary precoding. With increasing correlation, the gain due to a small precoding granularity of 5RBs vanishes. This can be explained by the fact that for highly correlated channels the channel is more spatially selective for the whole frequency bandwidth. Note that due to improvements in link adaptation at eNodeB, overall system throughput has increased compared to results in [3], and the difference between different precoding granularities is even smaller.
Considering the diminishing gain for high correlation and the required higher feedback and signalling overhead of a smaller precoding granularity in the order of 5RBs compared to a single precoder, a single reported codebook index valid for the whole frequency band seems to be sufficient. 

4. Summary and Conclusions
In this contribution we evaluate the effect of the precoding granularity on the system performance. The reported investigations indicate, that with increasing transmit antenna correlation the gain of frequency dependent precoding feedback is vanishing. Considering the rather limited gain for high(er) transmit antenna correlations being the current baseline application scenario [1] and taking the higher UL feedback and possible DL signaling overhead of f-dependent precoding into account, we recommend to restrict the precoding feedback for LTE DL MU-MIMO to a single precoding vector valid for the whole bandwidth.
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