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1. Introduction

We evaluate the multi-granular 8TX codebook designs proposed in [1] and [2] for PUSCH feedback.
The W1W2-GOB codebook [1] has 64 rank 1 codewords, all optimized for XPOL. Out of those, 16 codewords are the 2x oversampled DFT vectors of dimension 8, which are optimized for correlated ULA. The subband PMI is indexed by 4-bits WB part (W1) and 2-bits SB-specific part (W2). For XPOL, W2 refines the inter-polarization phase. Rank 2 codewords are generated by making W2 a 2x2 matrix, and having two of those, making a total of 32 rank 2 codewords.
The W2W1 design [2] has 128 rank 1 codewords. The subband PMI is indexed by 4-bits WB part (W1) and 3-bits SB-specific part (W2). One bit in W2 splits the SB codewords to XPOL-optimized and ULA-optimized; the other 2-bits refine the polarized-array direction. I.e., W2 is a diagonal matrix. Rank 2 codewords are generated by making a rank-2 W1. For XPOL, half of the rank-2 codewords correspond to the same azimuth direction for the two polarizations, while the other half has different directions.
Since the W2W1 design has 64 codewords that are optimized for ULA vs. the 16 of the GOB design, it is pretty clear that it would have a better performance in this scenario. What is not clear off hand is which design works best for the XPOL antenna. I.e., where is it best to invest the 2 SB bits: in the polarized array direction, as in the W2W1 design, or in the inter-polarization phase, as in W1W2.
2. System Simulation Results

Tables 1 and 2 compare the SLS performance of the two designs with 8TX ULA and XPOL antennas. All results correspond to 8x2, 0.5λ antenna spacing. 
We also show for completeness the performance of two other codebook designs. The first is a Rel8-type, 4-bit/SB codebook, optimized for the antenna configuration ([3] for ULA and [4] for XPOL). The 2nd is a covariance-based adapted version of the 4-bit codebook, where the covariance is encoded by 6-bits. 
	Codebooks
	SU Rank1-2
Av/5% [bps/Hz]
	MU Rank1 (ZF)
Av/5% [bps/Hz] 

	W1W2 GOB [1] 

4 bits WB, 2 bits SB
	3.14/0.144
	4.03/0.210

	W2W1 [2]
4 bits WB, 3 bits SB
	3.15/0.143
	4.12/0.213

	CB [3] (4bits SB)
	3.14/0.145
	4.01/0.208

	CB [3] (4bits SB) 
Adapted by 6bits WB R 
	3.16/0.144
	4.15/0.212


Table 1: System level performance with 8TX ULA antenna. 

	Codebooks
	SU Rank1-2
Av/5% [bps/Hz]
	MU Rank1 (ZF)
Av/5% [bps/Hz] 

	W1W2 GOB [1] 

4 bits WB, 2 bits SB
	3.25/0.123
	3.71/0.181

	W2W1 [2] 

4 bits WB, 3 bits SB
	3.21/0.124
	3.62/0.177

	CB [4] (4bits SB)
	3.24/0.121
	3.54/0.169

	CB [4] (4bits SB) 
Adapted by 6bits WB R 
	3.26/0.123
	3.63/0.174


Table 2: System level performance with 8TX XPOL antenna. 
3. Conclusions

We evaluated the multi-granular 8TX codebook designs proposed in [1] and [2] for PUSCH feedback. Both designs outperform the Rel-8 type PMI feedback with less overhead for both ULA and XPOL scenarios. 
As expected, the W2W1 [2] design has an advantage for the ULA antenna. However, the W1W2-GOB design [1] wins for the XPOL scenario, indicating that the optimal investment of the 2 SB bits is in the inter-polarization phase rather than in the polarized array direction.

In view of the higher priority for 8TX XPOL antennas expressed in [5], we recommend to adopt for the PUSCH PMI feedback in Rel10 the W1W2-GOB codebook.
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5. Appendix: simulation assumptions

	Parameter
	Assumption

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

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antennas Configurations
	(1) 8TX Cross-Polarized, each polarization  consisting of 4 elements separated by λ/2;

2RX, cross polarized
(2) 8TX ULA, λ/2; 
2RX, λ/2

	Channel model
	SCME Urban Macro, low spread, 
5Hz doppler

	Network layout
	3GPP case 1, 3D antenna

	Traffic model
	Full buffer

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  46dBm (10MHz)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Scheduler
	Proportional Fair

	Measurement Delay
	6ms

	Feedback Granularity
	subband (SB = 5 RB’s)

	Feedback reporting interval 
	5ms for PMI/CQI, 100ms for R

	CQI/PMI/RI transmission errors
	Perfect , CQI measurement error, N(0,1dB)  per SB

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Scheduling  granularity
	Per SB

	HARQ Delay
	6ms

	Inter-cell interference modelling
	Serving cell and the 4 strongest interfering cells are explicitly modelled.

	Channel Estimation
	Ideal 

	Receiver Configuration
	MMSE

	Overhead
	30.3 %
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