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1. Introduction

In RAN1 #72 meeting [1], there has been discussion on further DL MIMO enhancement in terms of CSI feedback enhancement and the following WA was made:
Working Assumptions from RAN1 #72:
· 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

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel

· Additional information in the CSI reports for this new feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 

As shown in the above WA, a new codebook structure for 4 antenna feedback could be considered as one of candidates for CSI feedback enhancement. In this respect, many companies have shown interests and submitted contributions on the detailed structure of the enhanced 4tx codebook during e-mail discussion [72-11]. In this contribution, we propose two alternative codebooks in section 2 and, in section 3, discuss considerations in designing an enhanced 4tx codebook as below.
· Feedback overhead of the proposed codebook in a new PUSCH feedback mode
· Codebook performance in co-polarized antenna configuration
Regarding this, we propose an enhanced 4tx codebook designed as to enhance considerable performance gain for both of antenna configuration (e.g., co-polarized antenna, cross-polarized antenna) with relatively small feedback overhead compared to the existing 4tx codebook in Rel-8.
2. Proposed codebook based on Rel-10 8-tx codebook structure
In this section, we propose two alternative codebooks which have different codebook sizes. In Alt 1, both codebook sizes for first and second PMI are 4 bits. To decrease feedback overhead, we also propose Alt 2 which is the subset of Alt 1 by antenna specific sub-sampling on the codebook for second PMI.
2.1. Alternative 1 (4 bits W1 & 4 bits W2)

Since 4-tx codebook has relatively coarse beam resolution in Rel-8, there have been lots of studies on the new 4-tx codebook structure targeting the performance enhancement especially for rank 1 and rank 2 operations. In our view, it is desirable to enhance 4-tx codebook with relatively small feedback overhead increment and minimized standardization effort. Thus, the existing 8-tx codebook structure, which was adopted in Rel-10, can be a good framework for the design of enhanced 4-tx codebook structure. As the 8-tx codebook, the overall precoder of 4-tx codebook can be represented as multiplication of two matrices as
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where the inner precoder 
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 and the outer precoder 
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 are used to represent wideband/long-term and subband/short-term channel properties, respectively. In the detailed design of 
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, it is beneficial to achieve the performance gain in both antenna configurations including co-polarized and cross-polarized antenna configuration. Since the block diagonal structure of 8-tx codebook is highly efficient for cross-polarized antenna configuration, we consider some modifications of downscaled 8-tx codebook in [2] to guarantee linear phase increment property for the case of co-polarized antenna configuration. To this end, the codebook of 
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 was designed as
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where 
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-th column are defined by
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Then, the codebook of 
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 for rank 1 can be represented as
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and for rank 2 as
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where 
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 denotes a 8-element selection vector with all zeros except the n th element which is equal to one.  It should be noted that that the diagonal matrix 
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 is used to preserve linear phase increment property for co-polarized antenna configuration. Moreover, last 4 codewords in the codebook of 
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 for rank 2 are designed to keep the linear phase increment property of both beams for two layers with the use of 
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2.2. Alternative 2 (4 bits W1 & 2 bits W2)

Considering the new PUSCH mode described in WA, finer feedback granularity of PMI in frequency domain could be possible. If both of the enhanced 4-tx codebook and the new PUSCH mode supporting subband PMI are introduced in Rel-12, it is natural to consider the reduction of feedback overhead. To this end, it is beneficial to adopt sub-sampling for the above enhanced 4-tx codebook, i.e. Alt 1. As shown in section 2.1, there are two classes of codewords; some codewords were designed for cross-polarized antenna while the others were designed for co-polarized antenna. Regarding this, further optimized 4-tx codebook could be derived by means of sub-sampling according to antenna configuration. As a result, the antenna specific 4-tx codebook can be represented as in Table 1. Note that the Alt 2 was already proposed during [72-11] email discussion.

Table 1. 4-tx codebook with antenna configuration specific sub-sampling
	Codebook for 
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 (same as Alt 1)

	
[image: image24.wmf]}

16

 

...,

 

,

2

 

1,

 

,

0

{

  

,

 

)

(

)

(

~

0

0

)

(

~

)

(

1

1

1

Î

ú

û

ù

ê

ë

é

=

l

l

l

l

l

a

D

W

W

W



[image: image25.wmf][

]

ú

ú

û

ù

ê

ê

ë

é

=

=

+

+

+

16

2

16

mod

)

7

(

16

mod

)

6

(

16

mod

)

1

(

16

mod

)

(

1

1

  

,

 

 

)

(

~

n

j

n

l

l

l

l

e

l

p

w

w

w

w

w

W

L



[image: image26.wmf]{

}

(

)

.

 

   

          

          

,

0

,

)

(

16

16

mod

))

4

 

mod

 

)

1

((

(

2

j

2

ï

î

ï

í

ì

¹

=

=

-

+

×

×

q

p

q

p

e

l

p

l

pq

p

a

D



	Codebook for 
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 (subset of Alt 1)
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 for rank 1

	Sub-sampling for co-polarized antenna
	Sub-sampling for cross-polarized antenna
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 for rank 2

	Sub-sampling for co-polarized antenna
	Sub-sampling for cross-polarized antenna
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3. Discussion

3.1. Feedback overhead of the proposed codebook in a new PUSCH feedback mode
The codebook size of second PMI is different between Alt 1 and Alt 2, i.e., 4 bits and 2 bits, respectively. As shown in [3], the performance with Alt 1 and the performance with Alt 2 are similar in the cases of co-polarized antenna configuration or PUSCH feedback mode 3-1. In addition, the former is about 3% greater than the latter only in the case of cross-polarized antenna configuration with a new PUSCH feedback mode (e.g., mode 3-2). According to the evaluation assumptions [3], subband size of CSI in a new PUSCH feedback mode is the same as that of mode 3-1 and the system bandwidth is 10 MHz (e.g. 50RB). Then, the overall feedback overheads of Alt 1 and Alt 2 are 64 bits and 46 bits, respectively and hence the feedback overhead of Alt 1 increases about 40% compared to Alt 2. We observe that an increase in feedback overhead for codebook enhancement leads to small performance gain but introducing a new PUSCH feedback mode brings more gain in our simulation. To be specific, in comparison with PUSCH mode 3-1, a new PUSCH feedback mode (e.g., mode 3-2) shows about 13% performance increase at the cost of 53% more feedback overhead when Alt 2 is used for both of feedback mode and cross-polarized antenna configuration is assumed.

Proposal #1:
- It should be carefully considered the trade-off between feedback overhead increase and performance gain, when designing an enhanced 4tx codebook.

Based on feedback overhead increase and performance gain of the two alternatives, Alt 2 seems more efficient and is preferred for the enhanced 4tx codebook. In Alt 2, we also consider the use of antenna configuration specific sub-sampling. As it can be shown in the evaluation results [3], sub-sampling is beneficial in the case of co-polarized antenna configuration and it seems even efficient in the case of cross-polarized antenna configuration considering the amount of saved feedback overhead.
Proposal #2:
-  Alt 2 is preferred for the enhanced 4tx codebook.
3.2. Codebook performance in co-polarized antenna configuration
During [72-11] email discussion, many proposals of 4x codebook were suggested for DL MIMO enhancements. As seen in [3], however, the performance of some proposals is not enough especially for the co-polarized antenna configuration. In out perspectives, the co-polarized antenna configuration is still an important scenario for the 4 transmit antenna case and we have seen that there is a room for potential performance improvement via new 4tx codebook even in the case of co-polarized antenna configuration. Therefore, it should be considered to design an enhanced codebook to improve performance not only in the cross-polarized antenna configuration but also in the co-polarized antenna configuration.
Proposal #3:
- A new 4tx codebook should aim to improve performance not only in the cross-polarized antenna configuration but also in the co-polarized antenna configuration.
4. Conclusion
In this contribution, we propose 2 alternative codebooks and prefer Alt 2. Alt 2 shows meaningful performance gain with low feedback overhead since it provides antenna configuration specific codebooks; one is optimized for co-polarized antenna configuration and the other is optimized for cross-polarized antenna configuration.
Proposal #1:
- It should be carefully considered the trade-off between feedback overhead increase and performance gain, when designing an enhanced 4tx codebook.

Proposal #2:
-  Alt 2 is preferred for the enhanced 4tx codebook.
Proposal #3:
- A new 4tx codebook should aim to improve performance not only in the cross-polarized antenna configuration but also in the co-polarized antenna configuration.
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