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1. Introduction
At 72b meeting, evaluation results from companies show that many of the enhanced codebook schemes outperform Rel-8 codebook only for closely spaced cross-polarized (xpol) antenna configuration. However, widely spaced xpol is also an important configuration for operators. Aiming to support both closely and widely spaced xpol configurations, 15 companies resubmitted codebooks in the RAN1 72b email discussion [72bis-05]. In this contribution, we give our analysis and performance evaluation results based on proposed different codebooks.

2. Analysis of the enhanced codebook schemes 
In the 72b email discussion, codebook proposals from 15 companies can be divided into 4 categories,
· Category 1: the wideband codebook is classical GoB structure and each codeword contains multiple adjacent and partial overlapped DFT beams, such as [1-6].
· Category 2: the interval between adjacent DFT beams within a wideband codeword has multiple choices. Large and small intervals are both supported for widely and closely spaced xpol configurations, respectively, such as [4][7-8].
· Category 3: a diagonal matrix 
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 is used in the wideband codeword to involve the rotation between two adjacent beam groups, such as [9-11].
· Category 4: orthogonal beams are included within one wideband codeword, such as [12-15]. 
To well support widely spaced xpol configuration, larger beam intervals within a single wideband codeword are introduced in codebooks belonging to category 2 and 4. For category 1 and category 3, several companies adopt small oversampling factors to achieve the same goal [2][9][11].
3. Evaluation results
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 details of simulation assumptions are given in the appendix. In the evaluation, the following four codebooks are used for feedback: 

· Codebook of Category 1 (TI.Alt1 Codebook for short) [4]; 
· Codebook of Category 2 (Fujitsu Codebook for short) [7].
· Codebook of Category 3 (AT&T.1a Codebook for short) [9].

· Codebook of Category 4 (ALU Codebook for short) [12].

In our proposed 4Tx dual codebook, 4-bit wideband PMI1 and 4-bit subband PMI2 are used for feedback. Each wideband codeword include 4 DFT beams to cover a large region. The oversampling factor of these DFT beams is 8, which is the same as Rel-10 8Tx scheme. In the first 8 wideband codewords, 4 adjacent beams are included to support 
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 spaced xpol configuration, while 4 DFT beams with larger intervals are included in the other 8 wideband codewords to support 
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 spaced xpol configuration. More details of our proposed enhanced two-stage codebooks are described in the companion contributions [16]. 
In Table 1 and Table 2, the evaluation results of the codebooks for 
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 spaced and 
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 spaced cross polarized antenna configurations are presented.
Table 1: Performance under 
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 spaced cross polarized antenna configuration

	
	Average spectral efficiency
	Cell edge spectral efficiency

	TI.Alt1 codebook
	1.8134
	0.0650

	Fujitsu codebook
	1.8862
	0.0675

	AT&T.1a codebook
	1.8875
	0.0657

	ALU codebook
	1.9171
	0.0651


Table 2: Performance under 
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 spaced cross polarized antenna configuration
	
	Average spectral efficiency
	Cell edge spectral efficiency

	TI.Alt1 codebook
	1.8295 
	0.0630

	Fujitsu codebook
	1.9006
	0.0693

	AT&T.1a codebook
	1.9072
	0.0636

	ALU codebook
	1.9167
	0.0631


Observations:
· For 
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 spaced xpol configuration, our proposed codebook performs better than TI.Alt1 codebook and has similar performance with AT&T.1a codebook and ALU codebook in the average spectrum efficiency. Meanwhile, our proposed codebook achieves the best cell edge spectrum efficiency among four codebooks. In our codebook, there are 8 wideband codewords with oversampling factor 8 designed for closely spaced xpol configuration, while that of TI.Alt1 codebook is 16.  It means that larger oversampling factor cannot always provide better performance, since each wideband codeword can only cover a narrower region. Oversampling factor 8 is a suitable value for closely spaced xpol configuration.
· For 
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 spaced xpol configuration, our proposed codebook, AT&T.1a codebook and ALU codebook perform better than TI.Alt1 codebook in the average spectrum efficiency. And our proposed codebook has the best cell edge spectrum efficiency performance. In our proposed codebook, another 8 wideband codewords which include larger beam intervals are designed for widely spaced xpol configuration. As for beams within a wideband codeword, large beam interval also equals to small oversampling factor. Therefore, for a fixed oversampling factor (such as 8), we propose to use non-contiguous beams within a wideband PMI for widely spaced xpol configuration.
4. Conclusions
Based on the simulation evaluation, our proposal is made as follows:
Proposal 1: For a fixed oversampling factor, we propose to use non-contiguous beams within a wideband PMI for widely spaced xpol 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 with 
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 and 
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 spacing at eNB 
2 Rx x-pol with 
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spacing at UE 

	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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