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1. Introduction
At RAN1 #72 meeting, the following was agreed as a work assumption [1]:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 

· 2 Tx: 0 bit

· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 

· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2

· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively

· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs.
For new PUSCH feedback mode, wideband and subband PMI feedback with 4Tx codebook enhancement is for further study. One email discussion was made on 4Tx codebook enhancement after RAN1 #72 meeting, during which the enhanced codebooks were proposed by each company for further performance evaluation. In this contribution, we give our performance evaluation results based on proposed different codebooks with new PUSCH feedback mode.
2. Evaluation results for 4Tx codebook enhancement
Based on the agreed evaluation assumptions, we perform the system level evaluation using two-stage codebook with new PUSCH CSI feedback mode in scenario A. The detail of simulation assumptions are given in the appendix. In the evaluation, the following three codebooks are used for feedback: 

· Rel.8 4Tx codebook (R8 Codebook for short); 

· GoB codebook derived from 8Tx (GoB Codebook for short) [2]; 

· Our proposed enhanced 4Tx codebook (Fujitsu Codebook for short) [3].
In our proposed 4Tx dual codebook, the 4-bit wideband PMI1 and 4-bit subband PMI2 are used for feedback. The dual codebook structure can be represented by 
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 corresponds to a long term and/or wideband channel properties; 
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 corresponds to a short-term and narrowband channel properties. 
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where D is designed to adjust the relative phase between antennas (1,2) and(3,4). In W2, effectively 2 bits are used for beam selection and another 2 bits are used for co-phasing. More details of our proposed enhanced two-stage codebooks are described in the companion contributions [3]. 
In Table 1 and Table 2, the evaluation results of the codebooks at cross polarized antenna and uniform linear array configuration are presented.
Table 1: Performance under cross polarized antenna configuration

	
	Average spectral efficiency
	Cell edge spectral efficiency

	R8 codebook (baseline) 
	2.1006 
	0.0713 

	GoB codebook
	2.1764 (+3.6%) 
	0.0743 (+4.2%)

	Fujitsu codebook
	2.1882 (+4.17%)
	0.0741 (+3.9%)


Table 2: Performance under uniform linear array configuration
	
	Average spectral efficiency
	Cell edge spectral efficiency

	R8 codebook (baseline) 
	2.2023 
	0.0812 

	GoB codebook
	2.2539 (+2.34%) 
	0.0825 (+1.06%)

	Fujitsu codebook
	2.2899 (+3.98%)
	0.0845 (+4.06%)


Observations:
· For cross polarized antenna configuration, our proposed codebook works better than the R8 codebook both in the average spectrum efficiency as well as the cell edge spectrum efficiency. Compared with the GoB codebook, our codebook works slightly better in average spectrum efficiency but slightly worse in cell edge spectrum efficiency. In our codebook, there are 8 codewords in W1 designed for cross polarized antenna configuration, which are designed based on GoB. The oversampled factor of our proposed codebook is 8, while that of R8 codebook is 4. Then, our proposed codebook has much finer spatial domain granularity than R8 codebook. Therefore better performance can be acquired.
· For uniform linear array configuration, our proposed codebook works better than both the R8 codebook and the GoB codebook both in the average spectrum efficiency as well as the cell edge spectrum efficiency. In our proposed codebook, another 8 codewords in W1 are designed for uniform linear array configuration. With the introduction of diagonal matrix D, the relative phase of the weights for antenna 3(or 4) to antenna 1(or 2) are adjusted to make these composite codewords fit for the structure of 
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, which are approaching the principle eigenvectors of the uniform linear array antenna systems. Therefore, better performance is achieved in uniform linear array configuration.
3. Conclusions
Based on the simulation evaluation, our proposal is made as follows:
Proposal 1: GoB design with diagonal matrix D introduced in W1 could be used in 4Tx enhanced codebook design for better performance for both cross polarized antenna configuration and uniform linear array configuration.
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Appendix: Simulation Assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid with wrap around, 
19 sites, 3 sectors per site, 500m ISD

	Antenna configuration
	4 Tx x-pol at eNB and 2 Rx x-pol at UE  or

4 Tx  ULA at eNB and 2 Rx ULA at UE

	Antenna spacing
	0.5 wavelength

	Number of UEs per cell
	10 UE dropped per macro area for full buffer traffic

	Indoor / outdoor distribution
	100% outdoor

	Channel model
	ITU urban macro

	Carrier frequency
	2.00 GHz

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	Subband size
	5RBs

	Receiver
	MMSE-IRC

	Feedback
	New PUSCH mode, PMI feedback bit number is determined by enhanced codebook size

	Feedback delay 
	5 ms

	Feedback error
	Ideal

	CSI-RS/DMRS channel estimation
	Ideal

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	HARQ
	Max 3 retransmission, Incremental Redundancy

	Overhead
	3 symbols for control symbol and 12RE for DM-RS
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