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1. Introduction
In email discussion after RAN1#73, it was agreed to adopt solution 2a as the new 4Tx rank1-2 codebook in Rel-12.  In this contribution, we continue to discuss codebook subsampling on PUCCH based on the agreed codebook. 
Codebook 2a:


[image: image1.wmf]{

}

1

2/32

1

81624

1111

2,

1234

0

  where  0,1,..,15

0

1111

    where  

1111

For rank 1,  ,,,     

()()()()

2222

and ,,,  

n

n

j

n

nnnn

n

n

qe

qqqq

ijiiji

eeee

p

aaaa

+++

éù

==

êú

ëû

éù

==

êú

ëû

ìü

éùéùéùéù

Î

íý

êúêúêúêú

--

ëûëûëûëû

îþ

Î

X

W

X

X

YYYY

W

YYYY

Y

(

)

{

}

2(1)

1

1212

2,

1212

121122334412231424

and ();

11

For rank 2,  ,  

22

and ,(,)(,),(,),(,),(,),(,),(,),(,),(,)

i

n

ik

iq

jj

eeeeeeeeeeeeeeeeee

a

-

=

ìü

éùéù

ïï

Î

íý

êúêú

--

ïï

ëûëû

îþ

=Î

YYYY

W

YYYY

YY


Various sub-sampling schemes for PUCCH mode 1-1 submode1, PUCCH mode 1-1 submode2, and PUCCH 2-1 discussed listed in section 2-4. Performance evaluation results are also shown in section 5.
2. Sub-sampling for PUCCH Mode 1-1 Submode 1
For PUCCH mode 1-1 submode 1, sub-sampling on W1 codebook is done to ensure that the maximum payload for RI/W1 jointly coding does not exceed 5 bits.  In email discussion, it was agreed to confirm the W1 indexes of rank2 for subsampling are 0-7 in report type 5, but the subsampling of rank1 codewords is further studied.
	Mode 1-1

Submode 1
	RI
	Chosen W1 index for sub-sampling 
	No. W1 hypotheses

	
	1
	TBD
	TBD

	
	2
	0, 1, 2, 3, 4, 5, 6, 7
	8

	
	3
	Identity matrix
	1

	
	4
	Identity matrix
	1


Table 1 W1 codebook sub-sampling scheme for Submode 1
There are two main subsampling schemes for W1 in report type 5 for Rank1:
Scheme 1: The subsampled codewords contain all the 16 DFT beams, overlapping is not supported; the W1 indexes for rank1 codebook subsampling are 0-7 as the same as rank2;
Scheme 2:  reducing the density of DFT beams in the subsampled codewords and support overlapping. The subsampled W1 indexes for rank 1 are 0, 2, 4, 6, 8, 10, 12, and 14.
In Rel-10, sub-sampling on W1 codebook for 8Tx report type 5 is done without utilizing overlapping beams because performance gain is not seen in such approach.  Different from 8Tx codebook design, wide-spaced beams in W1 is adopted for 4Tx feedback and phase shift is supported in W2. Thus overlapping beams in W1 don’t bring redundant codewords as 8Tx codebook.  The essential difference between scheme 1 and scheme 2 is different bits allocation for DFT beams and phase. 
For 4Tx XPOL，there are only two antennas in each polarization direction，the requirement of DFT beam density seems not so strong as 8Tx XPOL. On another hand, when 4x2 widely-space antennas is configured, the difference between two eigen-values of the channel will become larger than that of closely-space antennas. Thus, rank 1 codewords constructed by the same DFT beam with different phases may result in larger performance difference.  Based on the above analysis, more bits are allocated for phase may be a reasonable choice.
3. Sub-sampling for PUCCH Mode 1-1 Submode 2
For PUCCH mode 1-1 submode 2, W1 and W2 are signaled in the same subframe. To ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits (maximum 7/4 bit payload size is available for subsampled rank1/2 codewords), W1 and W2 can be sub-sampled either separately or jointly.  However, it is noted that companies have reach a consensus on the maximum bits for both rank 1/2 is 4 and jointly sub-sampling of W1/W2 is not supported for 8Tx. To narrow down the discussion, we can assume these agreements also applied to 4Tx codebook subsampling.
Therefore the problem setting is how to do bits allocation between DFT resolution in W1 and column selection/co-phasing in W2.  For each rank, we show two sub-sampling schemes.

· Scheme 1:  8 DFT beams and 2 phases (same as 8Tx) e.g.
	Mode 1-1

Submode 2
	RI
	i1 index 
	i2 index

	
	1
	0, 4
	0, 2, 4, 6, 8, 10, 12, 14

	
	2
	0, 4
	0-7


Table 2  Sub-sampling scheme 1 for PUCCH 1-1 Submode 2 
· Scheme 2:  4 DFT beams and 4 phases. e.g.
	Mode 1-1

Submode 2
	RI
	i1 index 
	i2 index

	
	1
	0
	0-15

	
	2
	0
	0-15


Table 3  Sub-sampling scheme 2 for PUCCH 1-1 Submode 2 
For Rank1, scheme 1 has more DFT beams than scheme 2 but more phases are available in scheme 2.   Since DFT density requirement is not as high as 8Tx, it is more important to ensure robustness on phase.  For rank2, scheme 1 only has W2 codewords with Y1=Y2. On the contrary, scheme 2 allows different Y1 and Y2 in a W2 codeword which is good for uncorrelated channel.  Therefore, we prefer sub-sampling scheme 2.
4. Sub-sampling for PUCCH Mode 2-1
Sub-sampling is not needed for rank 1 codebook in report type 1a when PUCCH mode 2-1 is configured. For rank 2 codebook subsampling, various schemes are shown in [1][2][3][4], There are three typical sub-sampling schemes which are listed following.
- Scheme 1:  Only consider one phase but supports different Y1 and Y2. 

	Mode 2-1
	RI
	i2 index 

	
	2
	0, 4,8,12


Table 4 Sub-sampling scheme 1 for PUCCH 2-1
Scheme 2: Only consider Y1=Y2 but supports two different phases

	Mode 2-1
	RI
	Chosen W2 index 

	
	2
	0, 1,4,5


Table 5 Sub-sampling scheme 2 for PUCCH 2-1
Scheme 3: Only consider Y1=Y2 and supports the same phase
	Mode 2-1
	RI
	Chosen W2 index 

	
	2
	0, 2,4,6


Table 6 Sub-sampling scheme 3 for PUCCH 2-1
Considering multiple phases or structure of 
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 favors less correlated channel for rank2.  In our view, it is more beneficial to consider multiple phases and hence scheme 2 is more preferable.
5. System-level simulation assumptions and results
In this section, evaluation is done to compare different sub-sampling schemes described in previous sections for PUCCH 1-1 submodes 1 and 2 and PUCCH 2-1.  Simulation assumptions can be found in the appendix. 
1.1. PUCCH Mode 1-1 Submode 1
	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Rank1 Scheme 1
 (baseline)
	1.996
	0.0457
	1.764
	0.0404

	Rank1 Scheme 2
	2.001 (+0.25%)
	0.0483 (+5.69%)
	1.768 (+0.23%)
	0.0418 (+3.47%)


Table 7 Performance under PUCCH 1-1 submode 1 and Full Buffer traffic
It is observed that scheme 2 performs better than scheme 1 especially in cell edge spectral efficiency.
Proposal 1: Adopt scheme 2 as the subsampling scheme (i.e. 0, 2, 4, 6, 8, 10, 12, and 14) for rank 1 for PUCCH mode 1-1 submode 1.
1.2. PUCCH Mode 1-1 Submode 2
Besides scheme1 and 2 given in section 3, we also evaluate other schemes with high DFT beam density but less phase.e.g scheme3, 4 for rank 1 and rank 2 shown in Table 8:

	Rank
	Scheme
	Index for W1
	Index for W2

	Rank 1
	Scheme 3
	0, 2, 4, 6, 8, 10, 12, 14
	0, 8

	
	Scheme 4
	0-7
	0, 1

	Rank 2
	Scheme 3
	0-7
	0, 4

	
	Scheme 4
	0-7
	0, 1


Table 8 Evaluated sub-sampling schemes for PUCCH mode 1-1 submode 2
	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Rank 1 Scheme1 
(baseline)
	2.043
	0.0412
	1.788
	0.0393

	Rank 1 Scheme2
	2.053 (+0.49%)
	0.0435 (+5.83%)
	1.787 (-0.05%)
	0.0385 (-2.03%)

	Rank 1 Scheme3
	1.959 (-4.11%)
	0.0433 (+5.09%)
	1.733 (-3.02%)
	0.0372 (-5.34%)

	Rank 1Scheme4
	1.957 (-4.21%)
	0.0425 (+3.15%)
	1.723 (-3.64%)
	0.0369 (-6.10%)


Table 9 Performance under PUCCH 1-1 submode 2 for rank 1

	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Rank 2 Scheme1
 (baseline)
	2.094
	0.0444
	1.790
	0.0403

	Rank 2 Scheme2
	2.060 (-1.60%)
	0.0456 (+2.70%)
	1.789 (-0.09%)
	0.0424 (+5.21%)

	Rank 2 Scheme3
	1.995 (-4.73%)
	0.0485 (+9.23%)
	1.751 (-2.18%)
	0.0421 (+4.47%)

	Rank 2 Scheme4
	2.001 (-4.44%)
	0.0479 (+7.88%)
	1.696 (-5.25%)
	0.0435 (+7.94%)


Table 10 Performance under PUCCH 1-1 submode 2 for rank 2
It can be observed that for rank 1, scheme 2 shown in table 9 performs better than scheme3 and scheme4, and slightly better than scheme1.  For rank2, scheme 2 shown in table 10 performs slightly better.
Proposal 2: Adopt scheme 2 as the subsampling scheme (i.e. 0 for i1 and 0-15 for i2) for rank 1 for PUCCH mode 1-1 submode 2.
1.3. PUCCH Mode 2-1
	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Scheme 1(Table 4)
	2.129
	0.0498
	1.862
	0.0437

	Scheme 2(Table 5)
	2.152 (+1.10%)
	0.0471 (-5.42%)
	1.848 (-0.75%)
	0.0451 (+3.20%)

	Scheme 3(Table 6)
	2.042 (-4.09%)
	0.0495 (-0.60%)
	1.807 (-2.95%)
	0.0431 (-1.37%)


Table 11 Performance under PUCCH 2-1 
For PUCCH mode 2-1, scheme 2 shown in table 5 performs slightly better.
Proposal 3: Adopt scheme 2 as the subsampling scheme (i.e. 0,1,4,5 for i2) for PUCCH mode 2-1 
6. Conclusion
In this contribution, we discuss sub-sampling of 4Tx enhanced rank1-2 codebook. Sub-sampling schemes on new enhanced codebook are given in each of the PUCCH feedback modes which require sub-sampling. We show our preference on choosing the schemes and perform some evaluation. Our proposals are summarized as the following tables:
	Mode 1-1

Submode 1
	RI
	Subsampled i1 index in report type 5

	
	1
	0, 2, 4, 6, 8, 10, 12, 14

	
	2
	0-7


	Mode 1-1

Submode 2
	RI
	Subsampled i1 index
 in report type 2c 
	Subsampled i2 index
 in report type 2c 

	
	1
	0
	0-15

	
	2
	0
	0-15


	Mode 2-1
	RI
	Subsampled i2 index in report type 1a

	
	1
	0-15

	
	2
	​0, 1, 4, 5
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Appendix: Simulation assumptions and parameters

	Table1  System Level Simulation Assumptions

Parameters
	Assumptions

	Deployment scenario
	Scenario A

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ/4λ separation, 

Receiver: 2 Rx cross-polarized antenna at UE

	Feedback periodicity
	10ms

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS, SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS

error modeling 
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is used

	Feedback mode
	PUCCH mode 1-1，PUCCH mode 2-1

	Subband size
	6RBs 

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer

	Outdoor-Indoor Ratio
	20% outdoor/80% indoor 
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