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1 Introduction
In this contribution, we study the performance of codebooks with different sizes in the context of downlink MU-MIMO in LTE-A.   As discussed in [1], vector based quantization is a popular type of limited feedback scheme to quantize the channel information.   In this contribution, we extend the study to the diversity antenna configuration and use this vector based feedback scheme to investigate codebook design in the feedback overhead perspective.  Unlike correlated channel environment, we can’t rely on long-term channel information in uncorrelated environment.  Feeding back CSI with limited resources in such environment is often more challenging.   The problem becomes even tougher for MU-MIMO transmission which needs higher accuracy on channel information to have a better control on MU interference.   Here we did some preliminary studies to see the tradeoff between the overhead cost and performance gain.
2 Performance Evaluation

Simulations were performed to compare the performance between perfect transmit covariance matrix R feedback and codebook based feedback with different sizes in Rank1 and Rank2 MU-MIMO.  We have the following considerations in our MU-MIMO setup:
· Grassmannian codebooks are used for eigen-vector based quantization in our simulation.  The codebook sizes are 4 to 7 bits per eigenmode.  The 4-bit codebook we used is the Rel-8 Householder codebook.   

· SU rank is decided at UE.  Depending on the rank, UE feeds back one eigenmode or two eigenmodes.

· When UE rank is 2, first we quantize the strongest eigenmode.  Orthogonalization is done to choose the second eigenmode among the possible choices as described in [2].

· Signal-to-leakage-and-noise ratio (SLNR) criterion is used to determine the precoders in MU-MIMO. In the case of two-user MIMO, the precoders for User 1 and User 2 can be calculated as

[image: image1]
        Note that H1 and H2 are re-constructed at eNB based on the reported eigen-vector(s) if codebook is used.  

· Number of co-scheduled UEs is 2.  The maximum number of layers per UE is 2.  Greedy algorithm is used to pair up two UEs.
Other simulation assumptions can be found in the appendix.

2.1 Simulation Results
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Figure 1 Spectral Efficiency without SU/MU dynamic switching(2UE Rank2)
[image: image3.emf]-5 0 5 10 15 20

1

2

3

4

5

6

7

8

9

10

11

Throughput with Different Feedback in 2UE Rank1 MU

SNR

bit/s/Hz

 

 

Perfect R

7bit codebook

6bit codebook

5bit codebook

R8 codebook


Figure 2  Spectral Efficiency without SU/MU dynamic switching(2UE Rank1)
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Figure 3  Spectral Efficiency with SU/MU dynamic switching and Rank adaptation
Figure 1 shows the spectral efficiency performance without dynamic SU/MU switching.  It always does MU-MIMO transmission with 2 rank-2 UEs throughout the simulation.  Comparing with Grassmannian-Orthogonalization Rank2 codebooks, some performance loss can be observed when Rel-8 codebook is used.   It can be observed that the performance of Rel-8 codebook is worse than the Grassmannian-Orthogonalization Rank2 codebooks.  This can be explained by the fact that not enough codewords of the Rel-8 codebook. If we want to support 2UE-Rank2 MU-MIMO, higher accuracy of Rank2 codebook is needed and thus larger size of codebook is needed in MU-MIMO transmission under this environment.  From the simulation results, we found that though perfect feedback outperforms 4-7bit codebooks especially in high geometry.  It will need huge overhead for codebook based feedback to close the performance gap in high SNR region.  So 6-bit per eigenmode seems to be a good upper limit.  Further study of optimizing the feedback size for rank 2 should be done.
Figure 2 shows another spectral efficiency performance without dynamic SU/MU switching.  This time it always does MU-MIMO transmission with 2 rank-1 UEs throughout the simulation.  It can be observed that the performance of Rel-8 rank 1 codebook is comparable with other Grassmannian codebooks in this case. However, some enhancement may be needed especially when there are more co-scheduled rank-1 UEs.  6bit feedback is still a reasonable upper limit in this case.
Figure 3 shows the spectral efficiency performance with dynamic SU/MU switching and rank adaptation.  The performance difference between Rel-8 codebook and other codebooks is smaller than the difference seen in the 2UE Rank2 MU case especially in high geometry.  In this case, SU rank2 frequently jumps in, and the codebook accuracy requirement is lower in SU transmission.  This can explain smaller performance gap for all the codebooks in high geometry.
3 Conclusion

Studies were done to investigate the codebook size requirement for MU-MIMO under 4Tx diversity antenna configuration.  
· Based on our simulation results, our preliminary recommendation on upper limit of the feedback is 6-bit per eigenmode.  
· Rel-8 Rank1 codebook can be a reasonable baseline for rank 1.  Some enhancement should be further studied.
· If  MU-MIMO with multiplexing rank-2 UEs is supported, Rel-8 rank2 codebook should be enhanced to get better performance.  
The followings should be further studied:
· The possibility of using different number of bits for different eigenmodes.  e.g. reporting the 2nd eigenmode with less number of bits. 
· The tradeoff between system level gain and the overhead cost to optimize MU-MIMO performance under uncorrelated environment.  e.g. the overhead cost to optimize the case when two or more rank-2 UEs are multiplexed.
· Performance of higher MU-MIMO configurations (e.g. more number of UEs, more Tx antennas) under  diversity antenna configuration.
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Appendix Simulation Assumptions

	Parameters
	Assumption

	Channel model
	SCM – Urban Micro

	Antenna configuration
	MIMO 4x2

Transmitter: 4Tx ULA at eNB,  4λ separation 
Receiver: 2Rx dual polarized antenna at UE 

	Number of UEs
	10 UEs with the same geometry dropped randomly in a cell.

	CQI/PMI/R reporting 
	Subband, 5RB granularity, 6ms delay

	Rank adaptation
	SU Rank is reported from UE when PMI is used.

	Link adaptation
	Perfect post-BF CQI is known at eNB, i.e. perfect link adaptation

	MU Precoding
	SLNR

	Receiver
	MMSE
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