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1. Background
It was agreed in RAN1#72 to use W=W1W2 structure for 4Tx feedback for DMRS-based transmission modes. A total of 19 codebook proposals were subsequently submitted over the RAN1 email reflector on March 8th. Many proposals suggest reusing Rel.8 codebook in Rel.12 for rank-3/4, while a few proposals suggested new Rel.12 rank-3/4 codebooks. This contribution evaluates various rank-3/4 codebooks for 4Tx. 
2. Simulation results
2.1. Rank-3/4 codebook comparison
Link-level simulation is presented in this section to compare the codebook performance. Since rank-3/4 is irrelevant to MU-MIMO transmission, SU-MIMO is assumed in the study. The evaluation assumptions are made compliant to the agreed system-level evaluation assumptions except with a single eNB and a single UE. 

· ITU urban macro channel with 100% outdoor user distribution.
· User dropped randomly and uniformly within  [-60, 60] angular spread from eNB bore sight.
· 4-bit CQI modeled per 36.213, including wideband CQI and subband differential CQI.
· PUSCH mode 3-2 with subband PMI feedback, where for each PUSCH report, all subband PMI(s) are associated with a common W1 matrix.
· Same CQI/PMI subband size as CQI size in PUSCH mode 3-1.
The UE is equipped with 4 receive antennas and performs full rank adaptation. For rank-1/2, Rel.8 codebook is used. For rank-3/4, various codebooks are compared. This allows us to isolate rank-1/2 and rank-3/4, and realistically assess the performance impacts of new rank-3/4 codebooks.
Fig. 1-2 illustrates the absolute throughput (bps/Hz) as well as the gain over Rel.8 codebook, for XPOL antenna configuration with small spacing (0.5L). Likewise, Fig. 3-4 presents the performance for XPOL with large antenna spacing (4L).
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Fig.1: average throughput, XPOL, 0.5L spacing 

Fig.2: throughput gain, XPOL, 0.5L spacing
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Fig.3: average throughput, XPOL, 4L spacing        
          
Fig.4: throughput gain, XPOL, 4L spacing
The following conclusions can be drawn from the evaluation results:

Conclusion:

· There is no meaningful performance gain from new rank-3/4 codebooks compared to existing Rel.8 codebook. The performance gain over Rel.8, if any, is < 1% at most.

· Several rank-3/4 codebook proposals are worse than Rel.8.

Proposal:

· Re-use Rel.8 codebook for rank-3/4.
2.2. PMI frequency granularity for rank-3/4 in mode 3-2
PUSCH mode 3-2 with subband CQI/ PMI was adopted in RAN1#72. For rank-1/2, it is natural to use the CQI subband size of mode 3-1 for CQI/PMI subband size in mode 3-2. For rank-3/4, it is straightforward to assume the same CQI/PMI subband size as of rank-1/2. Alternatively, since frequency-selective precoding gain is expected to decrease as rank increases, it was suggested that wideband precoding could be considered for rank-3/4 [7], It should be pointed out that 8Tx has a similar structure, i.e. high-rank (rank > 4) always assumes wideband precoding.
To understand the impact of PMI subband sizes, we evaluate SU-MIMO performance with wideband precoding vs. subband precoding in Fig. 5-6, using various rank-3/4 codebooks. The following simulation setup is noted:
· CQI is subband for all ranks.

· For rank-1/2, subband precoding with subband PMI is assumed. 

· For rank-3/4, wideband precoding and subband precoding are compared against each other, using a common codebook.
Observation:

· For rank-3/4, it does not appear that subband precoding significantly outperforms wideband precoding.

Proposal:

· Further discuss if rank-3/4 shall assume wideband PMI report in PUSCH mode 3-2.
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Fig.5: subband PMI gain, rank-3/4, XPOL, 0.5L spacing            Fig.6: subband PMI gain, rank-3/4, XPOL, 4L spacing
3. Conclusion

In this contribution we compared various rank-3/4 codebooks, including the existing Rel.8 codebook. Our conclusions and recommendations are summarized below.

Conclusions and observations:

· There is no meaningful performance gain from new rank-3/4 codebooks compared to existing Rel.8 codebook .The performance gain (if any) over Rel.8 is < 1% at most.

· Some rank-3/4 codebook proposals are worse than Rel.8.

· For rank-3/4, it does not appear that subband precoding significantly outperforms wideband precoding.

Proposals:
· Re-use Rel.8 codebook for rank-3/4.
· Further discuss if rank-3/4 shall use wideband PMI feedback in PUSCH mode 3-2.

References

[1] R1-104184, AT&T, “Rationale for mandating simulation of 4Tx widely-spaced antenna configuration for LTE-A MU-MIMO.” 

[2] 3GPP, R1-105011, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, AT&T, CATT, CEWiT, CMCC, Ericsson, Kyocera, LG Electronics, LG-Ericsson, Marvell, Mitsubishi Electric, Motorola, NEC, Nokia, Nokia Siemens Networks, NTT DoCoMo, Panasonic, Qualcomm , Samsung, Sharp, Sony Corporation, ST-Ericsson, Texas Instruments, “Way-forward on 8Tx codebook for Rel.10 DL MIMO.”  
[3] R1-130852, AT&T, “Four antenna port codebook.”
[4] R1-130855, Ericsson, ST-Ericsson, “Four antenna port codebook.”
[5] R1-130818, CATT, “Enhanced 4Tx codebook.”
[6] R1-130825, Texas Instruments, “4Tx codebook enhancement in Rel.12.”
[7] R1-130837, Qualcomm, “Codebook design and CSI feedback for eMIMO.”
[8] R1-130849, Huawei, “Proposals for 4Tx Codebook Enhancement.”
Appendix: simulation assumption

Table 1: Simulation assumptions

	Parameter
	Value

	Antenna configuration
	4 Tx x-pol (-45o, 45o) at macro

2 Rx x-pol (0o, 90o) at UE

	Antenna spacing
	0.5 or 4 lambda at macro

	Number of UEs per cell
	1 UE dropped per macro area

	Channel model
	ITU urban macro 

	Carrier frequency
	A: 2.00 GHz

	MIMO scheme
	SU-MIMO

	Receiver
	MMSE IRC

	Feedback
	PUSCH mode 3-2, 6 PRB CQI subband, 
4-bit CQI quantization per TS 36.213

	Feedback periodicity
	5 ms

	Feedback delay 
	5 ms

	CSI-RS measurement error
	modelled

	HARQ
	max 5 retransmission

Chase combining


























































































































































































































