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1. Introduction

During RAN1 #72bis [1], the followings were agreed as WA for detailed structure of W1 and W2 of a new 4tx codebook.
Working assumptions of 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 
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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 assumptions of 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 i-th 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

In this contribution, we determine the remaining parameters for a new 4tx codebook to support different antenna configurations such as closely- and widely-spaced cross-polarized antennas for rank 1-2.
2. Proposed codebook
2.1. Codebook of W1
Reminding that the size of codebook of W1 (e.g., N1) was agreed to be 16 in RAN1 #72bis meeting, the remaining parameters of W1 to be determined are the granularity of beam (e.g., Q1), the size of beam group (e.g., CR), and beam coefficients (e.g., a1,n, …, aCR,n). Firstly, the granularity of beam could be determined as 16 resulting oversampling factor 8 and 4 beams in each beam group would be enough to support frequency selectivity as in Rel-10 8tx codebook. In determining beam coefficients, however, we further consider the use of 4tx codebook for different antenna configurations such as closely- and widely-spaced cross-polarized antennas as described in WID [2]. In this perspective, we design beam coefficients for W1 to have two different beam resolutions and hence it could be used for both of closely- and widely-spaced cross-polarized antennas. Thus, the codebook of W1 can be represented as
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where Xn are defined by
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It should be noted that there are two beam resolutions which have oversampling factor 8 (e.g., n < 8) and oversampling factor 4 (e.g., n ≥ 8), respectively. The latter one could be applied for widely-spaced cross-polarized antennas where difference between two different sub-band PMIs would be greater than the case of closely spaced antennas.
2.2. Codebook of W2
As total four alternatives (e.g., Alt 1-4) were agreed for detailed structure of W2 in RAN1 #72bis, the remaining work is to select one of alternatives and determine the detailed parameters such as the size of codebook of W2 (e.g., N2), co-phasing granularity between two polarizations (e.g., Q2), column selection vectors (e.g., yr1, yr2), and phase shift (e.g., mr1, mr2). In our view, Alt 4 is most flexible structure which could provide enhancements in different antenna configurations. To this end, we design the codebook of W2 for rank 1 as
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and for rank 2 as
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where 
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e

 denotes a 4-element selection vector with all zeros except the n th element which is equal to one. 
In designing W2 for rank 1, it would be preferred to have 4 selectors (e.g., (e1, e1), (e2, e2), (e3, e3), (e4, e4)) for beam selection within the beam group (e.g., CR = 4) and 8 PSK (e.g., mr2 = 0, 1, …, 7) for phase shift (e.g., Q2 = 8). However, it could require excessive feedback overhead to represent all combinations of 4 selectors and 8 PSK. To this end, we design a codebook for rank 1, which has dependency between beam selection and phase shift, to reduce feedback overhead as in (3). In the case of rank 2, the first 4 elements and the last 4 elements of (Y1, Y2) are designed for closely- and widely-spaced cross-polarized antennas, respectively.
3. Evaluation results
In this section, evaluation results of several proposals in [3-6] are provided based on the simulation parameters and assumptions in Appendix A. In Table 1 and Table 2, evaluation results on enhancement are provided for both of configurations closely- and widely-spaced cross-polarized antennas, respectively. As shown in Table 1, proposals we evaluated here are comparable in terms of performance for closely-spaced antennas in both of reporting mode 3-1 and 3-2. In the case of widely-spaced antennas, however, it seems that some proposals have worse performance than the existing Rel-8 4tx codebook. Since the both of antenna configuration including closely- and widely-spaced cross-polarized antennas are important as in WID [2], a new 4tx codebook should be designed to guarantee the performance gains in the widely-spaced case as well. Hence, we propose to adopt the codebook in (1)-(4) to support enhancements for different antenna configuration such as closely- and widely-spaced cross-polarized antenna configuration.

Table 1. SU/MU-MIMO switching, Cross-polarized antenna with 0.5λ spacing

(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.58
	1.8347
(0.0%, baseline)
	0.2754
(0.0%, baseline)

	LGE CB [3]
	0.55
	1.9632
(7.0%)
	0.3059
(11.1%)

	CB1 [4]
	0.55
	1.9382
(5.6%)
	0.3042
(10.5%)

	CB2 [5]
	0.55
	1.9522
(6.4%)
	0.2998
(8.9%)

	CB3 (3bits) [6]
	0.56
	1.9104
(4.1%)
	0.2976
(8.1%)

	CB3 (4bits) [6]
	0.55
	1.9508
(6.3%)
	0.3017
(9.5%)


(b) PUSCH feedback mode 3-2

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.53
	2.0419
(0.0%, baseline)
	0.3340
(0.0%, baseline)

	LGE CB [3]
	0.50
	2.1668
(6.1%)
	0.3726
(11.6%)

	CB1 [4]
	0.52
	2.0973
(2.7%)
	0.3521
(5.4%)

	CB2 [5]
	0.51
	2.1244
(4.0%)
	0.3623
(8.5%)

	CB3 (3bits) [6]
	0.52
	2.1056
(3.1%)
	0.3552
(6.3%)

	CB3 (4bits) [6]
	0.51
	2.1419
(4.9%)
	0.3663
(9.7%)


Table 2. SU/MU-MIMO switching, Cross-polarized antenna with 4λ spacing

(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.66
	1.4489
(0.0%, baseline)
	0.1834
(0.0%, baseline)

	LGE CB [3]
	0.64
	1.5508
(7.0%)
	0.2053
(11.9%)

	CB1 [4]
	0.64
	1.5303
(5.6%)
	0.2019
(10.1%)

	CB2 [5]
	0.64
	1.5129
(4.4%)
	0.2013
(9.8%)

	CB3 (3bits) [6]
	0.64
	1.5378
(6.1%)
	0.2044
(11.5%)

	CB3 (4bits) [6]
	0.64
	1.5590
(7.6%)
	0.2069
(12.8%)


(b) PUSCH feedback mode 3-2

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.58
	1.8436
(0.0%, baseline)
	0.2580
(0.0%, baseline)

	LGE CB [3]
	0.57
	1.8731
(1.6%)
	0.2738
(6.1%)

	CB1 [4]
	0.58
	1.8065
(-2.0%)
	0.2506
(-2.9%)

	CB2 [5]
	0.59
	1.7173
(-6.9%)
	0.2460
(-4.7%)

	CB3 (3bits) [6]
	0.59
	1.7471
(-5.2%)
	0.2467
(-4.4%)

	CB3 (4bits) [6]
	0.58
	1.8222
(-1.2%)
	0.2618
(1.5%)


4. Conclusion
In this contribution, we propose a new 4tx codebook for DL MIMO enhancement and evaluation results. The following proposal was made based on the discussion:
Proposal #1:
- Adopt the proposed codebook in (1)-(4) for the new 4tx codebook for rank 1-2 in Rel-12.
______________________________________________________________________
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE / 20% outdoor UE

	Traffic model
	FTP model 1 [7], 0.7 UEs(packets)/second/cell, 2.0 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU/MU-MIMO switching

	Channel quality report
	Mode 3-1: Wideband PMI per 50 RBs, Subband CQI per 6 RBs

Mode 3-2: Subband PMI/CQI per 6 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 4-tx codebook

	Antenna configuration
	4x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5/4 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	Non-ideal MMSE-IRC with degree of freedom 12 [8]

(DM-RS based algorithm)

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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