3GPP TSG RAN WG1 Meeting #73
R1-132402
Fukuoka, Japan, 20th – 24th May 2013
Agenda Item:
6.2.2.1.2
Source:
Huawei, HiSilicon
Title:
Analysis of Codebook for Rank 3-4
Document for:
Discussion and decision 
1 Introduction
In RAN1#72 bis, a working assumption related to 4Tx codebook enhancement was [1]
· 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
· Working assumption for rank 3,4 (if new codebook is agreed for rank 3-4):

· W1: 2 bits

· W2: FFS between:

· 4,3 for ranks 3,4 respectively, or 

· 3,3 for ranks 3,4
In this contribution, we propose an enhanced 4Tx codebook for rank 3 and rank 4.
2 Codebook design for rank3 and rank4
Based on the contributions of codebook design proposed on 29th Apr., the codebook design for rank 3 and 4 can be classified into following three groups:

· Group 1: Using the two-stage codebook structure as 8Tx codebook in Rel-10:
ALU/ ALU-Shanghai Bell [3], Huawei/ HiSilicon[2], CATT [7], Ericsson/ ST-Ericsson [5], NSN/ Nokia [4], Renesas [6].
· Group 2: Reusing Rel-8 codebook:

Samsung [9], Qualcomm [8], TI [10], NEC [12], Intel [11], ZTE [13], Fujitsu [14].

· Group 3: None for Rank 3/4: (There is no design of codebook for rank3/4)
LGE [15], AT&T [16]. 
First, as a new 4Tx codebook, it is desirable to have a complete design for all the ranks, i.e., rank 1-4; otherwise, the new 4Tx codebook cannot be applicable for the UEs with 4 receive antennas to achieve peak data throughput. Then the UEs with 4 receive antennas have to use Rel-8 4Tx codebook when performing rank adaptation among rank 1-4, which implies the UEs with 4 receive antennas cannot benefit from the new 4Tx codebook in this case. Alternatively, the new 4Tx codebook is configured for the UEs with 4 receive antennas and the maximum rank is restricted to be 2, which does not fully utilize the 4 receive antennas. Hence, the new 4Tx codebook for rank 1-4 is preferred. 
As a working assumption in [1], the new codebook design for rank 1-2 is determined to use the similar structure of 8Tx codebook in Rel-10, which is a grid of beams design. To maintain the same codebook structure as rank 1-2 and integrality of the codebook, the Group 1 is preferred. In this case, the full or partial nested property over different rank could be maintained, which is helpful for reducing UE complexity and rank override as Rel-8 4Tx codebook. 
Taking into account the feedback overhead, 2+4N and 2+3N bits are required for rank 3 and 4 of the two-stage codebook structure respectively, while 4N bits are needed when reusing Rel-8 4Tx codebook. It is observed that the overhead of two-stage codebook is similar to Rel-8 4Tx codebook and even less in rank 4 in the PUSCH3-2 feedback mode. 
Proposal 1: Using the two-stage codebook structure as 8Tx codebook for rank 3-4 is prefered, where 2 bits for W1, 4/3bits for ranks 3/4 of W2 respectively. 
3 Details of 4Tx codebook for rank3 and rank4
In the following, we give the details of the proposed 4Tx codebook for rank 3 and rank 4. The agreed two-stage codebook structure is maintained as follows
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3.2 Codebook design of 
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For rank 2 codebook, 
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Proposal 3: A new designed 4Tx codebook with two-stage codebook is proposed for rank3-4.
4 Conclusions
In this contribution, we propose a new designed 4Tx codebook with two-stage codebook is proposed for rank3-4.
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