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1
Introduction
In an email discussion, subsequent to the RAN1#73 meeting, codebook proposal 2a was agreed as the enhanced Rel-12 codebook for ranks 1 and 2.  In light of this decision, the specification of the enhanced codebook is almost finalized, except for the issue of codebook subsampling for periodic feedback reporting.

This contribution makes several proposals on how subsampling may be performed.  A companion contribution discusses MU-MIMO related enhancements [3].  

2
Codebook subsampling for periodic CSI reporting

It has been agreed that the enhanced codebook will be supported in conjunction with periodic CSI feedback reporting.  In some cases this necessitates codebook subsampling in order to ensure that the total RI/PMI/CQI payload does not exceed a total of 11bits.  In the following, we address the cases where subsampling is needed and offer our views on how it should be performed. 
The ability to select a beam corresponding to any beam direction, after subsampling has been performed, is an important factor to consider.  For the 8Tx codebook, where adjacent W1 codebook entries overlap by 2 beams, this could be accomplished straightforwardly by retaining only every second codebook index.  As Table 3 shows, doing so only removes the overlap between beam groups. 
The enhanced codebook, also shown in Table 3, does not have this property inasmuch as selecting every second codebook entry would make it impossible to select certain beam directions.  However, selecting the first half of codebook entries preserves the possibility of selecting any of the 32 beams in the codebook.  Clearly, this motivates a different subsampling compared to the 8Tx codebook. 
Table 1: Beam group composition for codebook type 2a vs. the 8Tx codebook. 
	Scheme
	W1 codebook index i1

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Codebook 2a
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	
	24
	25
	26
	27
	28
	29
	30
	31
	0
	1
	2
	3
	4
	5
	6
	7

	8Tx codebook
	0
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24
	26
	28
	30

	
	1
	3
	5
	7
	9
	11
	13
	15
	17
	19
	21
	23
	25
	27
	29
	31

	
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24
	26
	28
	30
	0

	
	3
	5
	7
	9
	11
	13
	15
	17
	19
	21
	23
	25
	27
	29
	31
	1


2.1
PUCCH Mode 1-1 Submode 1

In this reporting mode, W1 is reported together with the RI as a Type 5 report.  For the 8Tx case, codebook subsampling is performed to remove redundant precoders from the W1 codebook.  A similar approach would be possible for the enhanced codebook as well, although differences in the W2 codebook (i.e., the α-offsets in (2)) lead to different overall precoders between beam groups that contain the same set of beams but with a different ordering (e.g., entries 0 and 8 in Table 3).  
Nonetheless, redundant beam groups, which contain the same set of beams, may be removed.  This is illustrated in Table 1 which shows that the beam groups associated with first PMI index i and index i+8 consist of precisely the same beams, though not in the same order.  For rank-2, such subsampling has already been agreed.  For rank-1, it seems natural to follow the same approach. 
Proposal 1: 

· Adopt the subsampling in Table 2 for reporting type 5.  
Table 2: Codebook subsampling for PUCCH 1-1, submode 1, reporting type 5.
Yellow (gray) shade denotes selected (pruned) codebook entries. 

	Scheme
	W1 codebook index i1

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Beams per beam group
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	
	24
	25
	26
	27
	28
	29
	30
	31
	0
	1
	2
	3
	4
	5
	6
	7


2.2
PUCCH Mode 1-1 Submode 2

In this reporting mode, W1 and W2 are reported together as a Type 2c report.  Subsampling is unavoidable in this case but we think it is desirable to limit the amount of subsampling as much as possible.  Due to the increased CQI payload for ranks larger than one, the subsampling should depend on the transmission rank: 
· For rank 1, 7bits are available for carrying PMI (4bits are needed for the CQI).  A total of 3bits may be allocated to W1 by removing duplicate beam groups as shown in Table 2.  The remaining 4bits may be used for feeding back W2 without further subsampling. 
· For rank 2, 4bits are available for carrying PMI (7bits are needed for CQI and differential CQI).  These 4bits may be allocated in two ways: 
· Opt-1: 2bits are allocated to W1 which allows the selection of beam groups as shown in the upper half of Table 3.  The remaining 2bits are allocated to W2 wherein 1 of the 2bits selects either the first or third beam in the beam group and the other selects the co-phasing (e.g., either ‘0’ or ‘-1’). 
· Opt-2: 3bits are allocated to W1 which allows selecting the beam groups as shown in the bottom half of Table 3.  The remaining 1bit needs to perform beam selection of either the first or third beam in the beam group.  No co-phasing selection is possible with this alternative. 
The above schemes ensure that the codebook is uniformly subsampled across the 32 beams contained in the codebook.  
Table 3: Codebook subsampling for PUCCH 1-1, submode 2, reporting type 2c. 
Yellow (gray) shade denotes selected (pruned) codebook entries. 

	Scheme
	W1 codebook index i1

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Opt-1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	
	24
	25
	26
	27
	28
	29
	30
	31
	0
	1
	2
	3
	4
	5
	6
	7

	Opt-2
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	
	24
	25
	26
	27
	28
	29
	30
	31
	0
	1
	2
	3
	4
	5
	6
	7


Proposal 2: 
· Adopt either Opt-1 or Opt-2 as the codebook subsampling for reporting type 2c. 

2.3
PUCCH Mode 2-1

2.3.1
Ranks 1 and 2

For this reporting mode, codebook subsampling is only required for reporting type 1a, which includes subband W2, subband CQI and the subband selection label.  The subsampling should again depend on the rank: 

· For rank 1, subsampling can be avoided entirely due to the comparatively smaller CQI payload (same as for 8Tx feedback reporting). 

· For rank 2, 2bits are available to carry the W2 PMI payload.  Similar to 8Tx feedback reporting, it seems natural to use these two bits for conveying the beam selection information.  For example, the subsampling scheme may select the pairs 
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, all with the first co-phasing option of (3).  Note that the W2 codewords are common to both Alt-2a and Alt-2b codebooks, so this type of subsampling can be applied to both codebook types. 
2.3.2
Ranks 3 and 4

The Rel-12 4Tx codebook reuses the Rel-8 codewords for ranks 3 and 4.  Since subband precoding gain diminishes with increasing rank, our preference would have been to avoid subband PMI reporting altogether for ranks 3 and 4, in favor of supporting only wideband PMI.  That way, codebook subsampling of the Rel-8 codebook could have been avoided.  However, a working assumption was made at RAN1#73 in favor of such subband PMI reporting.  In light of this decision we present our view on potential codebook subsampling selections. 
As for ranks 1 and 2, the PMI payload needs to be reduced from 4bits to 2bits.  The Rel-8 4Tx codebook consists of several groups of codewords that target different antenna configurations.  As the focus of the enhanced Rel-12 codebook is on cross-polarized antenna configuration, it seems natural to retain the codewords that are aligned with this antenna configuration in the Rel-8 codebook.  In particular, one could retain the last 4 entries in the 4Tx codebook (i.e., entries 12-15) which correspond to this antenna configuration.  
Proposal 3: 

· For rank 1, no codebook subsampling is needed (as in the case for 8Tx reporting). 

· For rank 2, retain the entries corresponding to 
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, all with the first co-phasing option of (3). 
· For ranks 3 and 4, retain the last 4 entries in the Rel-8 codebook for PUCCH 2-1 reporting.  

3
Conclusions

In conclusion, we make the following proposals: 
Codebook subsampling for PUCCH Mode 1-1 Submode 1
· Adopt the subsampling in Table 2 for reporting type 5.  

Codebook subsampling for PUCCH Mode 1-1 Submode 2

· Adopt either Opt-1 or Opt-2 as the codebook subsampling for reporting type 2c. 

Codebook subsampling for PUCCH Mode 2-1

· For rank 1, no codebook subsampling is needed (as in the case for 8Tx reporting). 

· For rank 2, retain the entries corresponding to 
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, all with the first co-phasing option of (3). 
· For ranks 3 and 4, retain the last 4 entries in the Rel-8 codebook for PUCCH 2-1 reporting.  
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Appendix: Enhanced codebook type 2a
The enhanced Rel-12 4Tx codebook, agreed after RAN1#73, is summarized below for ranks 1 and 2.  
W1 codebook (ranks 1 and 2): 



[image: image13.wmf]32

/

2

1

24

1

16

1

8

1

1

1

  

  where

1

1

1

1

 

 

15

,..,

1

,

0

  

  where

0

0

p

j

n

n

n

n

n

n

n

e

q

q

q

q

q

n

=

ú

û

ù

ê

ë

é

=

=

ú

û

ù

ê

ë

é

=

+

+

+

X

X

X

W


(1)

W2 codebook for rank 1: 
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(2)

W2 codebook for rank 2: 
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