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Introduction
In RAN1#72 bis, the agreed working assumption related to 4Tx codebook enhancement was 
· New 4 tx codebook is constant modulus
· Companies can provide further evaluations for Scenario C1 until RAN1#73 if desired
· At least for rank 1-2:
· 4Tx codebook enhancement is based on a grid of beams design similar to the Rel 10 8Tx codebook 
· (this does not preclude that some of the Rel-8 codewords might be included in the new codebook)
· a same W1 codebook is assumed for rank 1 and rank 2 feedback
· FFS until RAN1#73 whether rank 3-4 is:
· same as Rel-8 or 
· enhanced or
· not supported in the new codebook
· If rank 3-4 is supported in the new codebook, a same W1 codebook is assumed for rank 3 and rank 4 feedback
The working assumption for structure of W1 was given as: 
· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12),  W1 is defined as below


,.
Where Xn is a 2xCR matrix with DFT columns and [image: ]
The working assumption for structure of W2 was given by: 
· 
For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12), W2 is a 2CR x R matrix defined as 

.
In the following email discussion, lots of companies provide the details of codebook for evaluation [1-6]. In this contribution we give the evaluation results of these candidate codebooks.
Enhanced Codebook Analysis and evaluation
Overhead of each codebooks
Here we just evaluate codebooks from CATT, Qualcomm, Huawei, ZTE, TI and LG, the overhead of each codebook with PUSCH mode 3-2 is shown in table1 compared with codebooks of Release 10 with PUSCH mode3-1.
Table 1 the overhead of each codebooks
	Overhead
(bits)
	R10 codebook
	Qualcomm
	Huawei
	CATT
	ZTE
	TI
	LGE

	
	rank=1
	4
	4+3N
	4+4N
	4+4N
	4+3N
	4+4N
	4+4N

	
	rank=2
	4
	4+3N
	4+4N
	4+3N
	4+3N
	4+4N
	4+4N
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In this section, the system performances of above codebooks are evaluated. We just evaluated 20% outdoor/80% indoor with full buffer traffic model, and PUSCH mode 3-2 is used. The details of simulation assumptions are given in Annex.
Table 2 the evaluation results for 20% outdoor/80% indoor with PUSCH Mode 3-2
	　
	R10(PUSCH 3-1)
	Qualcomm
	CATT
	Huawei
	ZTE
	TI
	LG

	Cell.Avg
	2.15
	2.16
	2.16
	2.146
	2.161
	2.143
	2.169

	Edge UE SE
	0.0464
	0.05326
	0.05353
	0.05363
	0.05193
	0.05243
	0.05337

	Gain
	0%/0%
	0.5%/14.8%
	0.5%/15.4%
	-0.2%/15.6%
	0.5%/11.9%
	-0.3%/13%
	0.9%/15%


In above tables 2, the performance gains of the enhanced codebook with feedback mode3-2 are compared. It can be observed that the gain of enhanced codebooks compared with R10 codebook (PUSCH 3-1) is to the cell edge users, about 11.9%~15.6% and the gain of average cell spectrum efficiency is small, about 0.5%~0.9% and even worse than R10 codebooks (PUSCH 3-1), about -0.3%~-0.2%.
Conclusions
In this contribution, we give our evaluation results of several codebooks, based on the evaluation results, we can observe that:
· The enhanced codebooks can get cell edge gain compared with R10 codebooks with PUSCH mode 3-1, the gain is from 11.8%~15.6%.
· The gain of average cell spectrum efficiency of enhanced codebooks is marginal.
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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
	Full buffer

	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 80% indoor/20% outdoor UEs

	Transmit power
	46dBm 

	Number of eNB antennas
	4

	Number of UE antennas
	2

	Number of UE per macro area
	10 UEs with uniform distribution

	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
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