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1 Introduction

The following working assumptions have been agreed from RAN1#73 on 4-Tx codebook：

For rank 1 and 2: 

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

For rank 3 and 4: 
· W1=Identity, W2=Rel.8 codeword
Feedback modes with enhanced 4-Tx codebook: 

· PUSCH Mode 3-2
· Rank 3 & 4: Number of bits of i1 =0, number of bits of i2 =4 (i.e. No sub-sampling)
· If the Rel-12 codebook is configured :

· PUCCH Mode 1-1 Submode 1
· Rank 1-2: FFS until remaining codebook details are agreed. 

· Rank 3 & 4: Number of bits of i2 =4 (i.e. No sub-sampling)

· PUCCH Mode 1-1 Submode 2
· Rank 1-2: FFS until remaining codebook details are agreed.

· Rank 3 & 4: number of bits of i1 =0, number of bits of i2 =4 (i.e. No sub-sampling)
· PUCCH Mode 2-1 
· PTI=0 is not supported for rank 3 & 4.

· Rank 1-2: FFS until remaining codebook details are agreed.
· Rank 3 & 4: 
· Working assumption: Sub-sampling on subband W2 (number of bits of i2 =2); details FFS until remaining codebook details are agreed
The remaining issues for the enhanced 4-Tx codebook would be 1) finalizing the 4-Tx codebook using either solution 2a or solution 2b in [2]; 2) Specifying 4-Tx codebook subsampling for periodic CSI feedback in PUCCH, particularly mode 1-1 submode 1 and submode 2, and mode 2-1. In this contribution, we first provide the system level evaluation results for both solution 2a and solution 2b. We then present our views and proposals on the 4-Tx codebook subsampling for various PUCCH feedback modes.
2 Evaluations of enhanced 4-Tx codebooks
2.1 Enhanced 4-Tx codebooks for rank 1 and 2
In agreed work assumption, two solutions (solution 2a and 2b) in [2] were selected for enhanced 4-Tx codebook candidates for rank 1 and 2, which are described as follows.
Solution 2a: 
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Solution 2b:


[image: image2]
In both codebooks, ei denotes a 4 by 1 vector with the ith entry being 1 and zero for all other entries. We can see the only difference between codebook 2a and 2b are rank-2 W2 entries. Among 16 entries of rank-2 W2 entries, they share 9 same entries.
Following the same W1W2 index structures for 8-Tx codebook in 3GPP TS36.213, we first fix the indices for these two codebooks as follows.
For W1 with index i1, we have
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where 
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For W2 rank 1, denote k as the index for the 4 entries of 
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and i as the index for the column selection ei and co-phasing term (i) as in
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.
We then define W2 index i2=(i-1)*4+k-1, i=1,2,3,4, k=1,2,3,4, for rank-1 precoding matrix.

For W2 rank 2 in solution 2a, denote k, k=1,2, as the index for the two entries in
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and i, i=1,…,8, as the index for the column selection pairs as in  
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We then define rank-2 W2 index i2 as i2=(i-1)*2+k-1 for solution 2a.
We can see that rank-2 W2 of i2 =0,…,7 in solution 2a also appear in solution 2b, we adopt the same index i2 for these 8 entries for rank-2 W2 in solution 2b.
Then we define i2 =8,…,11, for following 4 entries in the listed order
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and i2 =12,…,15, for following 4 entries in the listed order
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Note that the rank-2 W2 of i2 = 9 in solution 2b is the same as the entry of i2 =14 in solution 2a.

2.2 Simulation Results
The parameters for system level simulations are summarized in Table 1. When considering TAE, we generate the timing error m according to a Normal distribution, i.e., m~ N(0,2),  =12ns, m=1,…, nTx.
	Number of users per sector 
	 10

	Network synchronization 
	 Synchronized

	Antenna configuration (eNB) 
	 4 TX cross-polarized/ULA ant., 0.5-- spacing 

	Antenna configuration (user) 
	 2 RX cross-polarized/ULA ant.

	Downlink transmission scheme 
	 SU-MIMO or Dynamic SU/MU-MIMO scheduling. 

 MU-MIMO pairing: Max 2 users/RB

	Codebook 
	 Rel. 8 codebook/Enhanced Codebooks 

	Downlink scheduler 
	 PF in time and frequency

	Scheduling granularity: 
	 5 RBs

	Feedback assumptions 
	 5ms periodicity and 5ms delay;

 feedback mode 3-2

 feedback without errors.

	Sub-band granularity: 
	 5 RBs

	Downlink HARQ scheme 
	 Chase Combining

	Downlink receiver type 
	 LMMSE-IRC

	Interference estimation error 
	 Wishart distribution model as in 3gpp.TR36.829

	Feedback channel error 
	 NA

	Control channel and reference 
	 3 OFDM symbols for control; 

	signal overhead 
	 Used TBS tables in TS 36.213 

	TAE model (if considered)
	 Normal distribution N(0,2),  =12ns 


Table-1: Simulation Parameters
The system level simulation results are provided in Table 2-4 for the settings of XPOL antennas with 1/2- antenna spacing, XPOL antennas with 4- antenna spacing, and ULA antennas with 1/2- antenna spacing, respectively. For each setting, we consider both the cases without TAE or with TAE. We can see that for all cases, the codebook 2a provides better cell average performance than the codebook 2b. For cell edge performance, the results are mixed.

We also evaluate the average ratios of rank-2 W2 selections via simulations. The results are provided in Fig. 1. We can see the last four entries of rank-2 W2 in codebook 2b (corresponding to the entries of different beam selection for different polarizations) have very low selection ratios indicating the inefficient W2 design of rank-2 in codebook 2b. Therefore, we propose to adopt codebook 2a for Rel-12 4-Tx codebook.
Proposal 1: Adopt codebook 2a in [2] as the enhanced 4-Tx codebook for Rel-12.

	TAE model
	4-Tx Codebooks
	cell average
	5% Cell Edge
	cell average gain
	cell edge gain

	Without TAE
	Rel-8 4-Tx Codebook (baseline)
	2.7526
	0.0716
	
	

	
	Solution 2a [2]
	2.8019
	0.0689
	1.79%
	-3.77%

	
	Solution 2b [2]
	2.7953
	0.0717
	1.55%
	0.14%

	With TAE
	Rel-8 4-Tx Codebook (baseline)
	2.7446
	0.0695
	
	

	
	Solution 2a [2]
	2.79
	0.071
	1.65%
	2.16%

	
	Solution 2b [2]
	2.7833
	0.0717
	1.41%
	3.17%


Table-3: Spectral efficiency of 4Tx enhanced codebooks. SU-MIMO scheduling is employed. Relative percentage gains are over the baseline scheme using Rel-8 4Tx codebook. XPOL antennas with 1/2- antenna spacing, 20% outdoor UEs, with and without TAE.
	TAE model
	4-Tx Codebooks
	cell average
	5% Cell Edge
	cell average gain
	cell edge gain

	Without TAE
	Rel-8 4-Tx Codebook (baseline)
	2.7164
	0.0681
	
	

	
	Solution 2a [2]
	2.7392
	0.0703
	0.84%
	3.23%

	
	Solution 2b [2]
	2.7352
	0.07
	0.69%
	2.79%

	With TAE
	Rel-8 4-Tx Codebook (baseline)
	2.6905
	0.0704
	
	

	
	Solution 2a [2]
	2.7165
	0.0683
	0.97%
	-2.98%

	
	Solution 2b [2]
	2.7057
	0.0707
	0.56%
	0.43%


Table-4: Spectral efficiency of 4Tx enhanced codebooks. SU-MIMO scheduling is employed. Relative percentage gains are over the baseline scheme using Rel-8 4Tx codebook. XPOL antennas with 4- antenna spacing, 20% outdoor UEs, with and without TAE
	TAE model
	4-Tx Codebooks
	cell average
	5% Cell Edge
	cell average gain
	cell edge gain

	Without TAE
	Rel-8 4-Tx Codebook (baseline)
	2.7086
	0.0857
	
	

	
	Solution 2a (R1-132738)
	2.7147
	0.0864
	0.23%
	0.82%

	
	Solution 2b (R1-132738)
	2.7113
	0.0831
	0.10%
	-3.03%

	With TAE
	Rel-8 4-Tx Codebook (baseline)
	2.7084
	0.0856
	
	

	
	Solution 2a (R1-132738)
	2.7292
	0.0846
	0.77%
	-1.17%

	
	Solution 2b (R1-132738)
	2.7099
	0.0863
	0.06%
	0.82%


Table-4: Spectral efficiency of 4Tx enhanced codebooks. SU-MIMO scheduling is employed. Relative percentage gains are over the baseline scheme using Rel-8 4Tx codebook. ULA antennas with 1/2- antenna spacing, 20% outdoor UEs, with and without TAE
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Fig.1. W2 statistics for codebook 2a and 2b for rank 2 in cross-polarized (Xpol) antennas with 0.5- antenna spacing (left) or 4- antenna spacing (right).

Codebook subsampling for PUCCH
2.3 PUCCH CSI feedback mode 1-1 submode 1

In PUCCH CSI feedback mode 1-1, submode 1, the feedback of jointly encoded RI and W1 can be configured. For 8-Tx codebook, 5-bit is used to represent an entry of RI and W1 for 8-Tx codebook. Thus subsampling was adopted for 8-Tx codebook in PUCCH mode 1-1 submode 1 as the total number of entries is more than 32.  For 4-Tx codebook, the total number of entries of RI and W1 is 34. Therefore, subsampling is also needed for 4-Tx codebook.
To obtain better codebook subsampling, we first evaluate the average ratios of W1 selections via the simulations. The results are shown in Fig. 2 for Xpol antenna settings with either ½- or 4- antenna spacing. From Fig. 2, we notice that for rank-2, the first 8 entries of W1 have higher ratio than other 8 for both codebook candidates. Thus, we propose to adopt subsampling using {0,1,2,3,4,5,6,7} for rank-2, with the W1 index is defined Sec. 2.1. For rank 1, we can use uniform selections. Thus the 4-Tx codebook subsampling for PUCCH mode 1-1 submode 1 is summarized in Table 5.
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Fig. 2. W1 statistics for codebook 2a and 2b for rank 1 and 2 in cross-polarized (Xpol) antennas with ½- antenna spacing (left) or 4- antenna spacing (right). 

	Value of joint encoding of RI and the first PMI 
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	0-7
	1
	{0,2,4,6,8,10, 12, 14} (2I RI/PMI1) 

	8-15
	2
	0,1,2,3,4,5, 6, 7 (I RI/PMI1-8)

	16
	3
	NA

	17
	4
	NA

	20-31
	reserved
	NA


Table 5. codebook subsampling for PUCCHmode 1-1 submode 1.
2.4 PUCCH CSI feedback mode 1-1 submode 2

In submode 2 of PUCCH CSI feedback mode 1-1, the user can be configured to report the CQI and preferred precoder information (W1 and W2). Thus total number of feedback bits required without subsampling would be 12 bits (4-bit CQI, 4-bit W1 and 4-bit W2) for rank 1 CSI feedback , 15 bits (two CQIs 7bit+4-bit W1, 4-bit W2) for rank 2 feedback, or 11 bits (7 bits for two CQIs, 4 bits for W2) for rank 3 or rank 4 feedback. To accommodate all the feedback we now consider codebook subsampling for both W1 and W2. 

One alterative solution is to follow 8-Tx codebook subsampling, i.e, 4-bit payload each for rank 1 and 2 with 3/1 splitting for W1 and W2.

Based on the subsampling solutions of W1 for rank-1 and 2 given in Sec. 3.1, the evaluation results of W2 selections for rank-2 shown in Fig.1, and additional results of W2 selections for rank-1 given in Fig. 3, we propose the 4-Tx codebook subsampling for PUCCH mode 1-1 submode 2 as in Table 6.
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Fig.3. W2 statistics for codebook 2a and 2b for 2 in cross-polarized (Xpol) antennas. Left: 0.5- antenna spacing, right: 4- antenna spacing.
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	#bits

	1
	0-7
	{0,2,4,6,8,10,12,14}
	0-1
	0,8
	4

	2
	0-7
	{0,1,2,3,4,5,6,7}
	0-1
	0,4
	4

	3
	NA
	NA
	0-15
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I

(no subsampling)
	4

	4
	NA
	NA
	0-15
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(no subsampling)
	4


Table 6. 4-Tx codebook subsampling for PUCCH mode 1-1 submode 2.

2.5 PUCCH CSI feedback mode 2-1

In PUCCH CSI feedback mode 2-1, the user can be configured to report the preferred subband with the corresponding preferred PMI and CQI.  For the subband CQI/PMI report, L bits are allocated to report user preferred subband index. When double codebook structure is configured, the user needs to report the CQI and second PMI (for W2). With additional L bits for the subband reporting, the feedback payload size for CQI and second PMI is reduced. For 8-Tx codebook, maximum 9- bit payloads are allocated for subband CQI/second PMI reporting. 

We now consider the subsampling of enhanced 4-Tx codebook. For rank 1, only one CQI is reported. Thus subsampling is not needed. We now discuss the subsampling for other ranks.
For rank 3: The sub-sampling to select 4 out of 16 codewords can be done using either the Chordal distance or the Fubini-Study distance measure. 
In total there are 1820 choices (16 choose 4). We find that there are some choices whose metrics are equal to the maximum upon using the Chordal distance as the distance measure. Surprisingly these are the same choices whose metrics are again equal to the maximum when using the Fubini-Study distance as the distance measure. Two of these choices are {12, 13, 14, 15}, {0,2,8,10}.
For rank-4: each codeword is a 4x4 unitary matrix so the distance (either Chordal distance or Fubini-Study) among any two pair of codewords is zero. Thus, a convenient way for sub-sampling is to re-use the indices obtained for the rank-3 case in the rank-4 legacy codebook, to obtain a sub-sampled rank-4 codebook. 
For rank-2, based on the criterion of having (near-) maximal metrics under Chordal distance as well as the average ratio results shown in Fig. 1, we proposes i2({0,2,4,6} for W2 subsampling, indicating that for both 2a, and 2b, 
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 are selected. Thus we propose the PUCCH mode 2-1 codebook subsampling for 4-Tx codebook as in Table 7.
	RI
	Relationship between the second PMI value and codebook index 
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	1
	0-15
	
[image: image32.wmf]2

PMI

I

(no subsampling)

	2
	0-3
	{0 2 4 6}

	3
	0-3
	{12 13 14 15}

	4
	0-3
	{12 13 14 15}


Table 7 PUCCH mode 2-1 codebook subsampling for 4-Tx codebook.
Conclusions
In this contribution  
Proposal 1: Adopt codebook 2a in [2] as the enhanced 4-Tx codebook for Rel-12.

Proposal 2: Adopt Table 5-7 for codebook subsampling for PUCCH mode 1-1 submode 1, submode 2, and PUCCH mode 2-1, respectively.
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