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1. Introduction

After RAN1#72 meeting, several companies provided their enhanced codebook design in reflector. In this paper, we choose some typical codebooks and provide the system evaluation results, and we apologize for not being able to evaluate all the proposals due to limited resources. The codebook designs which are evaluated in the paper can be found in [1-4] respectively. In our companion contribution [5], the details of proposed codebooks are discussed.
2. Codebook evaluation
2.1. Feedback payload
Table 1 represents the feedback payload of W1 and W2 with PUSCH Mode3-1 and PUSCH Mode3-2. In following tables, we use CB_1-CB_4 to denote the codebook from [1-4] respectively. The feedback payload size can be categorized as 4+4 and 3+2, where the former number represents the size of W1 and the latter number represents the size of W2. 
Table 1 feedback payload
	Codebook
	PUSCH Mode3-1
	PUSCH Mode3-2

	
	W1(bit)
	W2(bit)
	W1(bit)
	W2(bit)

	CB_1
	4
	4
	4
	4*N

	CB_2
	4
	4
	4
	4*N

	CB_3
	3
	2
	3
	2*N

	CB_4
	3
	2
	3
	2*N

	R_10
	4
	4*N


N is the number of subband, which is defined in section 7.2 of [6].
2.2. Comparison of evaluation results
In this section, the system performances of various codebooks are evaluated. Two cases for each codebook designs are evaluated, 100% outdoor and 20% outdoor/80% indoor with FTP model 1. In each scenario, two feedback modes PUSCH mode 3-1 and PUSCH mode 3-2 are used. The details of simulation assumptions are given in Annex, details of MMSE-IRC receiver and channel estimate error model are given in [7].
Table 2 the evaluation results for 100% outdoor with PUSCH Mode 3-1

	Codebook and reporting mode
	5% UEs 
	Average

	
	kbps
	gain
	kbps
	gain

	Rel-10 /Mode3-1
	0.6386
	0.0%
	1.9001
	0.0%

	CB_1 /Mode3-1
	0.7059
	10.5%
	1.9640
	3.4%

	CB_2/Mode3-1
	0.6868
	7.6%
	1.9452
	2.4%

	CB_3/Mode3-1
	0.6383
	-0.1%
	1.8938
	-0.3%

	CB_4/Mode3-1
	0.6564
	2.8%
	1.9107
	0.6%


Table 3 the evaluation results for 20% outdoor/80% indoor with PUSCH Mode 3-1

	Codebook and reporting mode
	5% UEs 
	Average

	
	kbps
	gain
	kbps
	gain

	Rel-10 /Mode3-1
	0.3954
	0.0%
	1.5567
	0.0%

	CB_1 /Mode3-1
	0.4361
	10.4%
	1.5924
	2.3%

	CB_2/Mode3-1
	0.4227
	6.9%
	1.5962
	2.5%

	CB_3/Mode3-1
	0.4132
	4.5%
	1.5658
	0.6%

	CB_4/Mode3-1
	0.4065
	2.8%
	1.5598
	0.2%


In above tables the performance gains of the enhanced codebook with different UE distribution are compared with R-10 codebook with PUSCH mode 3-1. It can be observed that the enhanced codebook [1] can achieve about 3% cell average and 10% cell edge gain over Rel-10 4Tx codebook with PUSCH mode 3-1. For the coarse codebook designs, cell average and cell edge gains are much smaller.
Table 4 the evaluation results for 100% outdoor with PUSCH Mode 3-2

	Codebook and reporting mode
	5% UEs 
	Average

	
	kbps
	gain
	kbps
	gain

	Rel-10 /Mode3-1
	0.6386
	0.0%
	1.9001
	0.0%

	Rel-10 /Mode3-2
	0.7470
	17.0%
	2.0304
	6.9%

	CB_1 /Mode3-2
	0.7693
	20.5%
	2.0343
	7.1%

	CB_2/Mode3-2
	0.7436
	16.4%
	2.0110
	5.8%

	CB_3/Mode3-2
	0.6832
	5.0%
	1.9384
	2.0%

	CB_4/Mode3-2
	0.6563
	2.7%
	1.9184
	1.0%


Table 5 the evaluation results for 20% outdoor/80% indoor with PUSCH Mode 3-2
	Codebook and reporting mode
	5% UEs 
	Average

	
	kbps
	gain
	kbps
	gain

	Rel-10 /Mode3-1
	0.3954
	0.0%
	1.5567
	0.0%

	Rel-10 /Mode3-2
	0.4634
	17.2%
	1.6789
	7.9%

	CB_1 /Mode3-2
	0.4820
	21.9%
	1.6870
	8.4%

	CB_2/Mode3-2
	0.4799
	21.4%
	1.6832
	8.1%

	CB_3/Mode3-2
	0.4153
	5.0%
	1.5959
	2.5%

	CB_4/Mode3-2
	0.5255
	7.6%
	1.6044
	3.1%


In above tables 4 and 5, the performance gains of the enhanced codebook with feedback mode3-2 are compared with R-10 codebook with mode3-1. It can be observed that the enhanced codebook [1] combined with PUSCH feedback mode 3-2 can achieve about 7-8% cell average and 21% cell edge gain over Rel-10 4Tx codebook with mode3-1. For the coarse codebook designs, the cell average and cell edge gains are smaller.
3. Conclusions
In this contribution, the system performances of various codebooks are compared. Based on the evaluation results, we have the following observations:
Observation 1: With FTP model 1, the proposed enhanced codebooks with PUSCH feedback mode 3-1 can provide obvious performance gains over R-10 codebook. 
Observation 2: The proposed enhanced codebook design combined with PUSCH feedback mode 3-2 provides significant performance improvement. 
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5. Annex
Simulation assumptions
	Parameter
	Assumption

	Scenario
	Scenario A

	Deployment model
	Macro cell: Cross-polarized Macro-sites, Reuse the macro part of the baseline simulation case for scenario 4 in TR36.819 

	
	Hexagonal grid, 19 macro sites, 3 sectors/site

	Traffic model
	FTP model 1 lambda=2.5

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	· ITU UMA channel with 100% outdoor UEs

· ITU UMA channel with 80% indoor/20% outdoor UEs

	Transmit power
	46dBm 

	Number of eNB antennas
	4

	Number of UE antennas
	2

	Antenna configuration
	TX: 0.5 λ-spaced cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE-IRC

	Feedback type
	PUSCH reporting mode 3-1 /mode 3-2

	Feedback delay
	5ms

	Feedback interval
	5ms

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	2 UEs,with1 layer per UE

	Channel estimation
	Non-Ideal

	Overhead
	3 OSs DL control/ 2 CRS ports/ 12 REs DM-RS per PRB


