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1. Introduction
A WF document R1-101683 was agreed in RAN1#60 with regards to the feedback framework for Release 10 that states –

· Implicit feedback (PMI/RI/CQI) is used also for Rel-10

· UE spatial feedback for a subband represents a precoder (as constructed below)

· CQI computed based on the assumption that eNodeB uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource

· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

2. Product codebook 
In accordance with the current agreement we study a product precoder structure designed for cross-polarized antennas. In this case a precoder P of dimension 8x1 or 8x2 is composed of a product of two matrices W and S – the matrix W is of dimension 8x2 and is quantized by 8 bits. The matrix S is of dimension 2x1 for rank-1 and 2x2 for rank-2 and is quantized by 3 bits. For the purposes of evaluation, W is selected using wideband CSI and S is selected for each sub-band with the same rank. In simulations we feedback S for each of the 8 sub-bands. Therefore the total overhead for the product codebook is equal to a 4 bit PMI feedback for each sub-band (8*3+8=8*4). 
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3. Simulation Results
We compare the product codebook structure described in the earlier section with several 4-bit 8Tx codebooks having a conventional structure (similar to Release-8). Several proposals of 8Tx codebooks have been presented and in this contribution we compare three of them – [3] (Samsung, codebook 2), [2] (Huawei) and [4] (Motorola).
Evaluation scenario: We believe that in the case of 8Tx antennas the feedback should be designed considering both ULA and cross-polarized antenna configurations at the eNB. The simulation results consider 3GPP case-1 scenario (Urban Macro high spread) with full-buffer traffic with an average of 10UEs per cell. A MMSE-IRC receiver is used. In all cases sub-band CQI is used and frequency-selective scheduling is performed. Equal overhead is considered for all cases.
Results: The simulation results are summarized in Table 1. 
Table 1: Throughput gains for a 8x2 system in 3GPP case1, Urban macro - high spread
	
	ULA 0.5λ at eNB and UE
	XPOL 0.5λ at eNB and UE

	
	Gain in Cell avg. SE over baseline
	Gain in Cell edge SE over baseline
	Gain in Cell avg. SE over baseline
	Gain in Cell edge SE over baseline

	
	Sub-band PMI and sub-band CQI feedback (6PRB)

	SU-MIMO (Motorola)
	 (0) baseline
	 (0) baseline
	 (0) baseline
	 (0) baseline

	SU-MIMO (Samsung)
	 (-0.43%)
	 (-2.05%)
	 (-1.10%)
	 (-1.45%)

	SU-MIMO (Huawei)
	 (-2.04%)
	 (-3.47%)
	 (+0.17%)
	 (+2.75%)

	SU-MIMO

(product codebook)
	
	
	 (+1.14%)
	 (+6.28%)

	
	Sub-band PMI and sub-band CQI feedback (6PRB)

	MU-MIMO (Motorola)
	 (+12.7%)
	 (7.68%)
	 (+0.5%)
	 (+1.62%)

	MU-MIMO (Samsung)
	 (+9.7%)
	 (-0.34%)
	 (+0.01%)
	 (+1.49%)

	MU-MIMO (Huawei)
	 (+3.39%)
	 (-7.10%)
	 (+1.4%)
	 (+4.39%)

	MU-MIMO

(product codebook)
	
	
	 (+5.04%)
	 (+10.81%)

	
	Wideband PMI and sub-band CQI feedback

	SU-MIMO

(Motorola, 4bits)
	
	
	 (-0.54%)
	 (+0.44%)

	SU-MIMO

(product cb, 11 bits)
	
	
	 (+0.45%)
	 (+2.91%)

	
	
	
	
	

	MU-MIMO

(Motorola, 4bits)
	
	
	 (-0.56%)
	 (+0.09%)

	MU-MIMO

(product cb, 11 bits)
	
	
	 (+0.77%)
	 (+2.96%)


4. Conclusions 
In this contribution we studied several codebooks for 8Tx antennas. We draw the following conclusions from our study
· Considering Release-8 type feedback (single index PMI) there is no clear winner that performs the best for both ULA and XPOL scenarios. In view of this we recommend further studies to bridge the gap in performance especially for rank-1 and rank-2. Further studies may look at refinement of codebooks, or supporting two codebooks. We also prefer to retain some properties of the Release-8 codebook namely 8-PSK alphabet and rank nesting.
·  We have reported results from a preliminary study of a product codebook. We have observed some gains with a product structure over a Release-8 type structure when multiple PMI feedback is used. The observed gains with a single PMI feedback are very small at the cost of a larger overhead. It is not clear whether a product structure can benefit performance in a 4Tx scenario. Therefore we recommend further studies before the introduction of a product codebook structure.
References

[1] R1-101683, Way forward for Release-10 feedback framework (Ericsson et al.)
[2] R1-101066, Downlink 8Tx codebook (Huawei)

[3] R1-101170, 8Tx Codebook Design for Channel Feedback in support of DL SU-MIMO in LTE-A (Samsung)

[4] R1-101462, Codebook for 8Tx DL for LTE-A (Motorola)
APPENDIX
Table 2: 3-bit codebook for S
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chosen from rank-1, 4-Tx Release-8 codebook





3-bit rank1 or rank-2 codebook for 2Tx
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