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1 Introduction

The working assumption from RAN1#72bis is the following：

Working assumption for structure of W1: 

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12),  W1 is defined as below
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Where Xn  is a 2xCR matrix with DFT columns and [image: image3.wmf] 
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· To be determined:

· N1: 
total number entries of W1 per rank

· Q1:  
granularity of beam of W1 

· For each block matrix Xn

· CR: 

total number of beams

· a1,n, …, aCR,n :  
beam coefficients determining specific directions within the block

Working assumption for structure of W2: 

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12), W2 is a 2CR x R matrix defined as below
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where ei is a selection vector of zeros and a “1” in the ith row

·   To be determined:

· N2: 

total number entries of W2 per rank

· Q2: 

co-phasing granularity between two polarizations  

· For each ar
· yr1:  

column selection for the first polarization

· yr2 : 

column selection for the another polarization

· mr1: 

phase shift  for the first polarization

· mr2: 

phase shift  for the second polarization
Working Assumption of Codebook Parameters of Rank 1 and Rank 2

· W1 (4 bits)

· N1 


16


· Q1, q1:


FFS

· For each block matrix Xn
· CR:

FFS between 2 and 4 (4 is the default)

· a1,n, …, aCR,n :  FFS

· W2 (3 or 4 bits): Four Alternatives were shortlisted 

2 Proposed Codebook: Generic structure
Our proposed wideband codebook has the following structure.
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where 
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Note that the parameters 
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Q

(granularity) and 
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(number of beams per inner codeword) determine the beam span in each inner codeword. Intuitively, a larger span (per inner codeword) makes the inner codebook more robust and suitable to the less correlated scenarios. On the other hand, for a given beam span, the diagonal matrices 
[image: image11.wmf]}
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 stagger sets of inner codewords and help in exploiting correlation in time/frequency. The sub-band codebooks comprise of column selections and co-phasing terms and thus their size depends on the parameter 
[image: image12.wmf]J

.
We detail two specific alternatives in the following which are consistent with the latest agreements. 
2.1 Proposed Codebook Alternative-1

In this alternative, the inner (wideband) codebook is of size 4 bits and the outer (sub-band) codebook is of size 3 bits.
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where 
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 are defined by
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The codebook of 
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 for rank 1 can be represented as
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where 
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e

 denotes a 2-element selection vector with all zeros except the ith element which is equal to one and the co-phasing exponents (obtained by optimizing the average Chordal distance) are given in Table-1  

	i=1
	i=2

	0
	1

	2
	3

	4
	5

	6
	7


Table-1: Co-phasing exponents for Rank-1 codebook of Alternative-1

and for rank 2 as
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The co-phasing exponents are now given in Table-2  
	(1,1)
	(2,2)
	(1,2)

	0
	0
	0

	2
	2
	2

	-
	-
	4

	-
	-
	6


Table-2: Co-phasing exponents for Rank-2 codebook of Alternative-1
2.2 Proposed Codebook Alternative-2
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where 
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 are defined by (modulo operation is omitted for convenience)
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The codebook of 
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 for rank 1 can be represented as
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where 
[image: image28.wmf]n

e

 now denotes a 4-element selection vector and the co-phasing exponents are given in Table-3.  
	i=1
	i=2
	i=3
	i=4

	0
	3
	0
	3

	1
	4
	1
	4

	2
	6
	2
	6

	5
	7
	5
	7


                Table-3: Co-phasing exponents for Rank-1 codebook of Alternative-2

The codebook of 
[image: image29.wmf]2
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 for rank 2 can be represented as
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The co-phasing exponents are now given in Table-4. 
	(1,1)
	(2,2)
	(3,3)
	(4,4)
	(1,2)
	(1,4)
	(2,3)
	(2,4)

	2/3
	2/3
	2/3
	2/3
	0
	0
	0
	0

	8/3
	8/3
	8/3
	8/3
	2
	2
	2
	2


Table-4: Co-phasing exponents for Rank-2 codebook of Alternative-2
For Ranks 3 and 4 our suggestion is to re-use the legacy Release-8 codebook. 
2.3 Simulation Results
The evaluation results are given in Tables 5-7 where Table 5 and 6 show the performance with dynamic SU/MU-MIMO scheduling for cross-polarized and ULA antennas with ½- antenna spacing, respectively, and Table 7 shows the performance of SU-MIMO for cross-polarized antennas with 4- antenna spacing. The simulation parameters are summarized in Table 8. 
	4-Tx Codebooks
	cell average
	5% Cell Edge
	cell average gain
	cell edge gain

	Rel-8 4-Tx Codebook (baseline)
	2.7835
	0.0773
	
	

	NEC Opt1 (3bit) [8]
	2.9019
	0.0798
	4.25%
	3.23%

	NEC Opt2 (4bit) [8]
	2.9175
	0.0792
	4.81%
	2.46%

	ALU (4bit) [11]
	2.8816
	0.0761
	3.52%
	-1.55%

	Ericsson (3bit) [4]
	2.8825
	0.0794
	3.56%
	2.72%

	LGE (4bit) [1]
	2.8853
	0.0773
	3.66%
	0.00%

	Qualcomm (3bit) [6]
	2.9388
	0.0759
	5.58%
	-1.81%

	Renesas Opt1 (3bit) [5]
	2.8597
	0.0791
	2.74%
	2.33%

	Renesas Opt2 (4bit) [5]
	2.9154
	0.078
	4.74%
	0.91%

	SAMSUNG Opt1 (4bit) [7]
	2.8792
	0.0797
	3.44%
	3.10%

	SAMSUNG Opt2 (4bit) [7]
	2.8772
	0.0784
	3.37%
	1.42%

	ZTE (4bit) [2]
	2.9192
	0.0766
	4.88%
	-0.91%

	Fujitsu (4bit) [9]
	2.8729
	0.0779
	3.21%
	0.78%

	Huawei (4bit) [10]
	2.8946
	0.075
	3.99%
	-2.98%

	ATT Opt1a (4bit) [3]
	2.8821
	0.0766
	3.54%
	-0.91%

	ATT Opt1b (4bit) [3]
	2.8412
	0.0784
	2.07%
	1.42%


Table-5: Spectral efficiency of various 4Tx enhanced codebooks. Dynamical SU/MU scheduling is employed with near orthogonal paired ZF transmit precoding for MU-MIMO. Relative percentage gains are over the baseline scheme using Rel-8 4Tx codebook. The number of bits is the bit-size of W2. XPOL antennas with 1/2- antenna spacing, 20% outdoor UEs.
	4-Tx Codebooks
	cell average
	5% Cell Edge
	cell average gain
	cell edge gain

	Rel-8 4-Tx Codebook (baseline)
	2.6478
	0.089
	
	

	NEC Opt1 (3bit) [8]
	2.7418
	0.087
	3.55%
	-2.25%

	NEC Opt2 (4bit) [8]
	2.7753
	0.0882
	4.82%
	-0.9%

	ALU (4bit) [11]
	2.6468
	0.0904
	-0.04%
	1.57%

	Ericsson (3bit) [4]
	2.6536
	0.0867
	0.22%
	-2.58%

	LGE (4bit) [1]
	2.7468
	0.0885
	3.74%
	-0.56%

	Qualcomm (3bit) [6]
	2.706
	0.0875
	2.20%
	-1.69%

	Renesas Opt1 (3bit) [5]
	2.7062
	0.0861
	2.21%
	-3.26%

	Renesas Opt2 (4bit) [5]
	2.7307
	0.0918
	3.13%
	3.15%

	SAMSUNG Opt1 (4bit) [7]
	2.7394
	0.0907
	3.46%
	1.91%

	SAMSUNG Opt2 (4bit) [7]
	2.7397
	0.0902
	3.47%
	1.35%

	ZTE (4bit) [2]
	2.7031
	0.0866
	2.09%
	-2.70%

	Fujitsu (4bit) [9]
	2.6716
	0.0877
	0.90%
	-1.46%

	Huawei (4bit) [10]
	2.766
	0.0872
	4.46%
	-2.02%

	ATT Opt1a (4bit) [3]
	2.6884
	0.0854
	1.53%
	-4.04%

	ATT Opt1b (4bit) [3]
	2.7449
	0.0886
	3.67%
	-0.45%


Table-6: Spectral efficiency of various 4Tx enhanced codebooks. Dynamical SU/MU scheduling is employed with near orthogonal paired ZF transmit precoding for MU-MIMO. Relative percentage gains are over the baseline scheme using Rel-8 4Tx codebook. The number of bits is the bit-size of W2. ULA antennas with 1/2- antenna spacing, 20% outdoor UEs.
	 4-Tx Codebooks
	cell average
	5% Cell Edge
	cell average gain
	cell edge gain

	Rel-8 4-Tx Codebook (baseline)
	2.7164
	0.0681
	
	

	NEC Opt1 (3bit) [8]
	2.7364
	0.0704
	0.74%
	3.38%

	NEC Opt2 (4bit) [8]
	2.7513
	0.07
	1.28%
	2.79%

	ALU (4bit) [11]
	2.7502
	0.0657
	1.24%
	-3.52%

	Ericsson (3bit) [4]
	2.7264
	0.0693
	0.37%
	1.76%

	LGE (4bit) [1]
	2.7516
	0.0689
	1.30%
	1.17%

	Qualcomm (3bit) [6]
	2.7456
	0.0696
	1.07%
	2.20%

	Renesas Opt1 (3bit) [5]
	2.741
	0.0702
	0.91%
	3.08%

	Renesas Opt2 (4bit) [5]
	2.7495
	0.0716
	1.22%
	5.14%

	SAMSUNG Opt1 (4bit) [7]
	2.7555
	0.0644
	1.44%
	-5.43%

	SAMSUNG Opt2 (4bit) [7]
	2.7556
	0.0712
	1.44%
	4.55%

	ZTE (4bit) [2]
	2.7422
	0.0724
	0.95%
	6.31%

	Fujitsu (4bit) [9]
	2.7376
	0.0682
	0.78%
	0.15%

	Huawei (4bit) [10]
	2.7426
	0.0731
	0.96%
	7.34%

	ATT Opt1a (4bit) [3]
	2.746
	0.0729
	1.09%
	7.05%

	ATT Opt1b (4bit) [3]
	2.7406
	0.0683
	0.89%
	0.29%


Table-7: Spectral efficiency of various 4Tx enhanced codebooks. SU scheduling is employed. Relative percentage gains are over the baseline scheme using Rel-8 4Tx codebook. The number of bits is the bit-size of W2. XPOL antennas with 4- antenna spacing, 20% outdoor UEs.
	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 


Table-9: Simulation Parameters
It is seen that the proposed codebooks provide competitive performance.
Conclusion
In this contribution we presented two codebook examples that offer competitive performance and thus should be considered for inclusion in Release 12.  
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