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1   Introduction
According to the chairman’s notes from RAN1#73, the following agreement was reached with respect to 4Tx rank 1/2 codebooks for Rel-12.
	Agreement: 

· W1 with wide-spaced beams (2a or 2b) for the sake of robustness of the gains

Way forward for ranks 1-2: 

· Evaluate 2a and 2b and how to perform codebook subsampling until Friday 7th June. 

· Email agreement between 2a and 2b and codebook subsampling until Friday 21st June. 


Accordingly, this contribution presents evaluation results for Solution 2a/2b
2   Evaluation results
For this contribution, Solution 2A/2B from [1] were evaluated. Table 1 has throughput results for the PUSCH 3-2 feedback for both closely-spaced and 4
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-spaced cross-polarized antenna arrays at the BS. Additional details on the simulations are captured in Annex A.
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Rel-10 CB PUSCH 3-2 2.51 (0%) 0.057 (0%) 2.51 (0%) 0.051(0%)

Solution 2A 6.63% -0.95% 5.85% 0.34%

Solution 2B 5.51% 0.31% 4.46% -1.20%

0.5L separation 4L separation


Table 1. Normalized throughput comparison (4x2 MU-MIMO Full-buffer traffic)

2.1 Discussion
Solution 2a is marginally better than 2b with respect to cell-average throughput for both small and large antenna spacings. Solution 2a is marginally better with respect to cell-edge throughput for large spacing while 2b is marginally better for small spacing. Since the difference in performance between the two proposals is small and somewhat inconclusive, relative performance alone is not a reasonable basis for selecting between 2a/2b. 

Codebook subsampling is critical to ensure that the PMI feedback bits fit within PUCCH payload size. Therefore, it is of interest to determine which of the two proposals suffer the least when subsampling is applied to the codebooks. W1 subsampling seems necessary for PUCCH 1-1 submode 1 and submode 2. Therefore, performance after the application W1 subsampling should therefore be considered for selection between 2a/2b so that the more robust of the two solutions is picked. 
Proposal 1: Consider the relative performance of 2a/2b both with the full W1 codebook and subsampled W1 codebook for selecting between 2a/2b.
3 Codebook subsampling
The 
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 structure that is common for solution 2a/2b has the component matrix
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So clearly, 
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have the same columns except for a cyclic shift (i.e., the columns of 
[image: image7.wmf](

)

1

8

n

+

W

are cyclically left shifted version of the columns of 
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This suggests a subsampling of the form 
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represents the subsampled PMI and 
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(= 0,…,15) is the PMI index for 
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. Or in other words, from the value of the first PMI, 
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(0, 1,..,7), the codebook index 
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For rank 1, 
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comprises beam selection component matrix Y that can choose any beam for antenna port pairs (#15, #16) and (#17, #18) but, with a phase offset for one co-polarized pair with respect to the other. 

However for rank 2, due to the restrictions on 
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result in different overall codebooks (
[image: image23.wmf]12

WW

) for both solution 2a/2b when 
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 takes on different values. For solution 2a, the allowed pairs of columns of 
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that can be selected for 
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 are (1,1), (2,2), (3,3) (4,4), (1,2), (2,3), (1,4), (2,4). The allowed pairs of columns of 
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 (using the column indexes of 
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) therefore are (1,1), (2,2), (3,3) (4,4), (2,3), (3,4), (2,1), (3,1). One pair (1,2) has swapped 
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 and two other pairs (1,4) and (2,4) are replaced with different pairs (3,4) and (3,1). The remaining 5 pairs are common. However, there are different co-phasing terms associated with 
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 which lead to some common beams for different (mod(i1,8),i2) and (mod(i1,8)+8,i2) combinations. From numerical evaluations, it turns out that 10 of the 16 rank-2 product 
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matrices appear commonly in the precoder matrix sets generated using 
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For rank 2, for solution 2B, the 
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matrix has 3 possible structures. The first structure has the pair (2,4), the second structure has the pairs (1,1), (2,2), (3,3) and (4,4), and the third structure has the pairs (1,3), (2,4), (3,1) and (4,2). So, it is less obvious how many beams are common across 
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 due to different co-phasing assumptions in the 
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 structures. Once again from numerical evaluations, it turns out that 12 of the 16 rank 2 product matrices 
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The proposed subsampling can result in a performance loss for both rank 1 and rank 2 but, to different extents for solution 2a/2b. The extent of the loss needs to be confirmed through simulations for both proposals and the results should be considered in the final codebook selection between 2a/2b. For both solution 2a/2b, if subsampling is not desired (e.g., in PUSCH 3-2), full feedback of 4 bits can used for 
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 feedback.

For PUCCH 1-1 submode 1, when subsampling is desired, 3bits can be used for the first PMI by reporting  
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 with 1bit for RI (for rank 1/2) and 2bit RI (for rank 3/4).
For PUCCH 1-1 submode 2, 3bits can be used for the first PMI by reporting 
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and compression for the second PMI (
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) is necessary for rank 2 to ensure that the payload size is 11bits.
For PUCCH 2-1, compression for second PMI is necessary as well.

For PUCCH 1-1 submode 2 and PUCCH 2-1 where compression for the second PMI is necessary, simple co-phasing structure for 
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for rank 1 and
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for rank 2 (which is the common co-phasing structure for both 2a/2b) can be adopted. 

Based on this, we propose the following.

Proposal 2: For PUCCH 1-1 submode 1 and submode 2, adopt 
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subsampling by reporting 
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 to ensure that the payload size restriction is met. In other words, from the value of the first PMI, 
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(0, 1,..,7), the codebook index 
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4 Conclusions
In this contribution we provided evaluation results for a subset of the 4Tx enhanced codebook proposals. We propose the following. 
Proposal 1: Consider the relative performance of 2a/2b both with the full W1 codebook and subsampled W1 codebook for selecting between 2a/2b.

Proposal 2: For PUCCH 1-1 submode 1 and submode 2, adopt 
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 to ensure that the payload size restriction is met. In other words, from the value of the first PMI, 
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6 Annex A – Simulation assumptions
Further details on the simulation assumptions are captured in Table A-1 below.
	Parameter
	Value

	Network Layout
	57-cell grid

	Scenario
	Scenario A from [3] which uses the TR 36.819 Scenario 3/4 macro-only part with UMa channel and a UE speed of 3 kmph

	UE indoor/outdoor drop ratio
	100% outdoor users

	CSI feedback mode
	PUSCH 3-2

	Feedback periodicity and delay
	5 ms and 5 ms respectively

	Channel Bandwidth and carrier frequency
	10 MHz and 2 GHz respectively


Based station antenna ctenna Cation PUSCH 3-2ratio tion assumptions are captured in Table 1 below.

	are necessary for W1 and 2 bits necesary 









onfiguration
	(1) 4 Tx comprising two closely separated X-pol elements with (+45, -45) deg slant
(2) 4 Tx comprising two 4
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-separated X-pol elements with (+45, -45) deg slant

	UE antenna configuration
	2 Tx comprising X-pol elements with (+45, -45) deg slant

	UE Receiver
	MMSE + IRC (Interference modeled as a Wishart distributed random matrix)

	CQI feedback
	Realistic 4 bit MCS feedback

	PDCCH decoding 
	Ideal

	Scheduler
	(1) Hybrid SU/MU-MIMO dynamic switching. MU-MIMO Scheduling 
(2) OLLA targeting a mean BLER of 0.1

	Traffic Model
	Full Buffer


Table A-1: Simulation assumptions
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