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1. Introduction

During the RAN1 #72bis meeting, a codebook with the structure of block diagonal W1 with DFT beams + selection/co-phasing W2 was agreed as the working assumption for 4-Tx codebook enhancement. In the e-mail discussion after the RAN1 #72bis meeting [1], a number of codebooks [2-16] were submitted with the aim of improving the downlink 4-Tx performance. In this contribution, we evaluate the system-level performance of some of the submitted enhanced codebook candidates [2-7] with PUSCH feedback mode 3-1 and 3-2 for MU-MIMO.
2. System Performance of 4-Tx Codebook Enhancement
This section describes the full buffer system level evaluations that were conducted to compare the submitted codebooks assuming SU/MU-MIMO dynamic switching. Both the PUSCH feedback mode 3-1 and PUSCH feedback mode 3-2 were considered in the evaluations. Other details of the simulation parameters are summarized in the Appendix. Tables I and Table II summarize the performance for each codebook with cross polarized antenna (CPA) deployment with 0.5 and 4 wavelength separations, respectively.
Table I. System Performance of Codebook Candidates with 4x2 CPA 0.5λ Antenna Deployment
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Mode

Codebook

Average Cell 

Thr. (Mbps)

Gain (%)

5% Edge UE 

Thr. (Mbps)

Gain (%)

PMI Overhead

(W1, W2)

3-1

Rel. 8

27.01  0.0  0.619  0.0 

(4,0)

Ericsson

27.87  3.2  0.651  5.2 

(4,3)

QC

27.89  3.3  0.649  4.9 

Renesas 1

27.10  0.3  0.627  1.3 

ALU

27.86  3.2  0.653  5.6 

(4,4)

Intel

27.82  3.0  0.641  3.6 

Renesas 2

27.86  3.1  0.639  3.3 

Samsung 1

27.91  3.4  0.657  6.1 

Samsung 2

27.93  3.4  0.652  5.3 

3-2

Rel. 8

27.48  1.7  0.638  3.1 

(0,36)

Ericsson

28.31  4.8  0.677  9.4 

(4,27)

QC

28.36 5.0 0.672  8.6 

Renesas 1

27.79  2.9  0.672  8.7 

ALU

28.51  5.6  0.683  10.3 

(4,36)

Intel

28.43  5.3  0.666  7.7 

Renesas 2

28.43  5.3  0.673  8.7 

Samsung 1

28.55  5.7  0.681  10.1 

Samsung 2

28.57  5.8  0.684  10.6 
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Observations based on performance evaluation:

· The 3bit W2 codebooks with PUSCH feedback mode 3-2 achieve gains of 2.9%-5.0% in terms of the cell-average throughput compared to that for the Rel. 8 4-Tx codebook with PUSCH feedback mode 3-1.

· The 4bit W2 codebooks with PUSCH feedback mode 3-2 achieve gains of 5.3%-5.8% in terms of the cell-average throughput compared to that for the Rel. 8 4-Tx codebook with PUSCH feedback mode 3-1.
· Compared to the Rel. 8 codebook with PUSCH feedback mode 3-1, the Rel. 8 codebooks with PUSCH feedback mode 3-2 achieve gains of 1.7% and 3.1% in terms of the cell-average throughput and cell-edge UE throughput, respectively.
Table II. System Performance of Codebook Candidates with 4x2 CPA 4λ Antenna Deployment
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Mode

Codebook

Average Cell 

Thr. (Mbps)

Gain (%)

5% Edge UE 

Thr. (Mbps)

Gain (%)

PMI Overhead

(W1, W2)

3-1

Rel. 8

25.59  0.0  0.575  0.0 

(4,0)

Ericsson

26.21  2.4  0.590  2.6 

(4,3)

QC

26.20  2.4  0.602  4.8 

Renesas 1

25.80  0.8  0.608  5.7 

ALU

26.04  1.8  0.605  5.3 

(4,4)

Intel

26.10  2.0  0.592  2.9 

Renesas 2

26.24  2.5  0.606  5.4 

Samsung 1

26.23  2.5  0.605  5.2 

Samsung 2

26.29  2.7  0.602  4.7 

3-2

Rel. 8

26.39  3.1  0.622  8.2 

(0,36)

Ericsson

26.84  4.9  0.626  8.9 

(4,27)

QC

26.81  4.8  0.618  7.5 

Renesas 1

26.41  3.2  0.627  9.1 

ALU

26.78  4.6  0.638  11.0 

(4,36)

Intel

26.85  4.9  0.618  7.5 

Renesas 2

26.93  5.2  0.644  12.1 

Samsung 1

26.92  5.2  0.631  9.8 

Samsung 2

27.03  5.6  0.634  10.3 
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Observations based on performance evaluation:
· The 3bit W2 codebooks with PUSCH feedback mode 3-2 achieve gains of 3.2%-4.9% in terms of the cell-average throughput compared to that for the Rel. 8 4-Tx codebook with PUSCH feedback mode 3-1.

· The 4bit W2 codebooks with PUSCH feedback mode 3-2 achieve gains of 4.6%-5.6% in terms of the cell-average throughput compared to that for the Rel. 8 4-Tx codebook with PUSCH feedback mode 3-1.
· Compared to the Rel. 8 codebook with PUSCH feedback mode 3-1, the Rel. 8 codebooks with PUSCH feedback mode 3-2 achieves gains of 3.1% and 8.2% in terms of the cell-average throughput and cell-edge UE throughput, respectively.
Observation: Samsung’s option 2 codebook achieves comparatively good performance, which contains multiple adjacent beams and one orthogonal beam in W1.

Proposal: Codebooks with 4 bits in W2 should be considered as the baseline for Rel. 12 Rank-1/2 enhancements, and further investigations are necessary considering the performance of non-full buffer traffic, effect of TAE, and feedback overhead.
3. Conclusion
In this contribution, we investigated the system-level performance of the submitted enhanced codebooks with CSI feedback mode 3-1 and 3-2 for MU-MIMO. Based on these observations from the system performance evaluations, we discern the following observations and proposal.
Observation: Samsung’s option 2 codebook achieves comparatively good performance, which contains multiple adjacent beams and one orthogonal beam in W1.

Proposal: Codebooks with 4 bits in W2 should be considered as the baseline for Rel. 12 Rank-1/2 enhancements, and further investigations are necessary considering the performance of non-full buffer traffic, effect of TAE, and feedback overhead.
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Appendix: Assumptions for System-Level Evaluations
Table AI. Simulation Assumptions
	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Deployment scenario
	Homogeneous network with ITU UMa

	Number of UEs and distribution
	10 UEs per cell, 100% outdoor distributed

	Traffic model
	Full buffer

	UE moving speed
	3 km/h

	Antenna configuration 
	eNB: 4 antennas (CPA 0.5 λ / 4 λ), UE: 2 antennas (CPA)

	MIMO scheme
	SU/MU dynamic switching

SU-MIMO: Rank adaptation
MU-MIMO: Rank 1 per UE, Max. 2 UEs for MU-MIMO 

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Control delay (scheduling, AMC)
	5 ms

	HARQ, Round trip delay 
	Chase combining, 8 ms

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6), 64QAM (R = 3/5 - 4/5)

	CQI/PMI feedback interval
	5 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, Subband CQI

PUSCH Mode 3-2: Wideband W1, Subband W2, Subband CQI

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal without a priori PDP information

	UE receiver assumption
	MMSE Wishart IRC receiver

	Overhead of RS and PDCCH 
	PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

CSI-RS (4 REs per RB per 5 ms for 4 antenna ports)

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs
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