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1. Introduction

The following way forward was agreed in RAN1#61 with respect to feedback framework for Release 10:

· A precoder W for a subband is obtained as a matrix multiplication of the two matrices (Wk , k = 1, 2) 

· Note that two codebooks need to be designed

· Note that a Kronecker structure is a special case

· Note that the matrices can have block structure (e.g. block diagonal) 

· Some codebook proposals may require explicit normalization 

· For 8 Tx, the precoder W can take on the form of

· For rank 1, at least 16 different beams (grid of beams) for co-polarized ULA

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain 

· Example: DFT based precoder vectors

· For rank 1 and rank 2, at least 8 different beams (grid of beams) for each group of 4 co-polarized antennas in the closely spaced cross-polarized setup

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain 

· Example: DFT based precoder vectors

· Additional precoders are not precluded

· At least for a (configurable) subset of the precoders W obeys the following properties

· Full PA utilization property, i.e.,

· Orthogonal columns with same norm (unitary precoding) 

In this contribution, we provide an updated codebook design based on the construction method described in our previous contributions [1], i.e., constructing the final codebook W from properly combining two “sub-precoders” for the two 4-element co-polarized sub-arrays. The sub-precoder can be rotated for each specific sub-band and the combining weight is also sub-band specific. We have used the exact design principle in 4-Tx codebook proposal [3]. It can be shown that Rel-8 codebook can be constructed in a similar fashion by combining DFT based sub-precoders. 

A summary of our proposal using matrix multiplication for 8 Tx two component feedback is outlined below

Proposal: Construct the subband precoder as W1W2 with W2 capturing the subband component and W1 capturing the wideband component 

· W1 is a diagonal matrix of dimension 8 X 8, represented as W1 =
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 is a DFT vector chosen from a size-16 DFT codebook
· W2 is a matrix of dimension 8 X 4, which performs co-phasing and fine tuning of 4-element co-pol subarrays on a subband basis. 

· We gave the example of W2 as an 8x4 matrix such that W=W1W2 is the rank 4 codebook. Rank1, Rank2, Rank3 codebooks are obtained using subset of columns from the rank 4 codebook. W2 can be easily expanded to support rank 5-8.
2. Proposed Codebook

The following DFT based codebook is defined for Nt/2=4 element sub-array.

[image: image3.wmf](2)(3)

888

1,   0,1,...15

T

jijiji

i

Xeeei

ppp

éù

==

êú

ëû


The first component is a preferred 4-Tx sub-precoder chosen from the above set on a wideband basis. So the first component can be represented in 4 bits. Note that Xi and X(i+4) mod 16 are orthogonal. For clarity, we simple denote X(i+4) mod 16 as Xi+4 from now on.
For each Xi, we can construct the final W in 16 different ways, i.e., using a 4-bit representation as the second component. We will follow a similar approach as in Rel-8 to construct the final W from Xi.  We will construct the W for rank 1~4 with a nested property (i.e., rank-m precoder is obtained simply from m sub-columns of W). 

But first, we introduce rotation matrices {Tk, k=1,2,3} to be applied on Xi: 


[image: image4.wmf](2)2(2)3(2)

161616

([1,,,]),1,2,3

jkjkjk

k

Tdiageeek

ppp

---

==


In essence, Tk allows further rotation of +/-π/16 in addition to no rotation. 

Note that 8-Tx DFT codebook for 4-Tx ULA can be constructed as 
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, for a size 16 DFT, representing an oversampling factor of 2 for a 8-Tx DFT codebook. To further refine the DFT codebook for 8-Tx ULA, we can also introduce three rotation matrices {Uk, k=1,2,3}, to allow rotation of +/-π/16 in addition to no rotation.    
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Based on Xi from W1, we can then construct the final W as below. A rank dependent normalization factor can be applied, which is omitted for simple representation.
	Second

Index
	W (up to rank 4)
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Notes:
1) The subband codebook includes structures that are suitable for both cross-poles and ULA. The first 3 indices are mainly used for refining subband feedback for ULA. The first two columns are based on length 4 DFT vectors and the spatial multiplexing for rank-2 is obtained based on two orthogonal directions of ULA.
2) Subband codebook indices 4 through 12 mainly target cross-pole, allowing also rotation to sub-precoders using three rotation matrices, together with also three co-phasing factors to combine the two sub-precoders (the same 2x1 vector) corresponding to the two subarrays with different polarization. Compared to the 4-Tx ULA scenario that the special co-phasing factor 
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is not included is that this structure is already included in the previous three matrices targeting ULA. 

3) Subband codebook indices 13-16 also target cross-pole and allow four co-phasing vectors 
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for combining sub-precoders, while achieving rank 2 orthogonality for the overall precoder. This structure corresponds to the Rel-8 structure where two different sub-precoders are employed within a single spatial layer. For the first layer, when one subarrary chooses Xi, the other subarray chooses Xi+4. For the second layer, the first sub-precoder changes to Xi+4 while the second sub-precoder changes to Xi.

2.1. Product Representation

Even though we represented the final W from the sub-precoder Xi directly in the previous section, better understanding of the construction of the final precoder, we can represent the final W in a product form as W=W1W2, where W1 is the wideband component and W2 is the wideband component. 

Specifically, we can define
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 has 16 matrices as given in the table below. Even though W=W1W2 is clearly a function of Xi, we can easily show that W2=W1HW will actually result in a W2 codebook that is fixed and independent from W1.

We also note that many codebook proposals so far can be represented in this format with simplifications arising from particular structures of W2.
	Index
	W2
	Index
	W2

	1
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Rank 1-3 codebooks can be obtained by taking subsets of columns as described before. In the following simulations, the rank 1 and rank 2 codebooks are obtained by taking the first column and the first two columns respectively.

3. System Simulations
The parameters for the simulation are summarized in the Appendix. The results are summarized below. 
In all the results, we have performed exhaustive search to determine W1 and W2. Corresponding to each W1, a good-put metric is computed for each subband using the best W2 for that subband, and a sum wideband good-put metric is determined. The W1 with the highest wideband metric is chosen along with the corresponding W2 for each subband. For our proposal, we determine the DFT vector closest to the principal Eigen vector of the ULA sub-array and limit the exhaustive search to the set of 3 closest DFT vectors (hence 3 closest W1).
	1/2L XPOL  (SE - bps/Hz)
	SU (Mean)
	SU (5 %)
	SU/MU (Mean)
	SU/MU (5%)

	Ericsson (GoB1, [2])
	2.64
	0.10
	2.67
	0.13

	Motorola 
	2.74 (+4%)
	0.11 
	2.78 (5%)
	0.14 

	Samsung [4]
	2.70
	0.11
	2.73
	0.14

	TI [5]
	2.74
	0.11
	2.77
	0.13


	1/2L ULA  (SE - bps/Hz)
	SU (Mean)
	SU (5 %)
	SU/MU (Mean)
	SU/MU (5%)

	Ericsson
	2.27
	0.12
	2.79
	0.14

	Motorola 
	2.34 (3%)
	0.13
	2.94 (5%)
	0.17

	Samsung
	2.30
	0.13
	2.93
	0.17

	TI
	2.31
	0.13
	2.81
	0.15


3-5% gains are obtained with the proposed codebook and 4-bit subband overhead compared to codebook proposed in [2]. 
4. Conclusions

Codebook proposal is summarized below:
Proposal: Construct the subband precoder as W1W2 with W2 capturing the subband component and W1 capturing the wideband component 

· W1 is a diagonal matrix of dimension 8 X 8, represented as W1 =
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 is a DFT vector chosen from a size-16 DFT codebook
· W2 is a matrix of dimension 8 X 4, which performs co-phasing and fine tuning of 4-element co-pol sub-arrays on a subband basis. 

· We gave the example of W2 as an 8x4 matrix such that W=W1W2 is the rank 4 codebook. Rank1, Rank2, Rank3 codebooks are obtained using subset of columns from the rank 4 codebook. W2 can be easily expanded to support rank 5-8.
3-5% gains are observed with the proposed codebook and 4-bit subband overhead compared to codebook proposed in [2]. 
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Appendix

System Simulation Parameters
	Parameter
	Value

	Channel Model 
	ITU Urban Micro (3kmph)

	Antenna Configuration 
	i) 8 Tx eNB: ULA 0.5 lambda; 2 Rx UE: 0.5L ULA
ii) 8 Tx eNB: XPOL 0.5 lambda; 2 Rx UE: XPOL 

	Deployment 
	FDD, 10 MHz, 19 sites, 3 sectors per site ; 5 UEs per sector 

	Scheduler 
	Proportional fair and frequency selective scheduling; 

Scheduling granularity of one subframe (dynamic on a subframe basis);
Search of all UE pairs sum proportional fair rate for MU; 

	Link adaptation 
	Non Ideal subband CQI ; Delayed based on subband PMI feedback;
MU CQI estimated based on SU CQI at eNB;
Outer Loop Link Adaptation for MCS and Mode Switching 

	Feedback Impairments (CQI, PMI) 
	Subband (6 RB) Feedback 

Reporting period: 10 ms for both W1 and W2 and Rank; (assuming 10ms CSI-RS configuration); Minimum Delay: 5 ms
PMI Selection based on exhaustive search for W1,W2; W1 updated only every n reporting cycles,  n=4 for Motorola codebook and n=1 for Ericsson codebook.

	Feedback Mode
	Corresponds to PUSCH feedback with subband PMI/CQI and wideband RI reported in one instance.

	Overhead 
	Control channel of 3 symbols;  RS for 4 as in Release 8 for Control symbols; 12 in Data Symbols 

	Mode Switching 
	Wideband Rank Feedback; Subband Mode Switching 

	Traffic Model 
	Full Buffer 

	MIMO Mode 
	SU-MIMO Rank 1 & 2, MU 1+1 

	Interference Modelling 
	6 Significant interferers (Post beamforming interference considering  scheduling and beamforming from these cells); Rest of the interferers modelled as flat fading 

	UE Receiver
	i) MRC/MMSE for rank 1/2 SU. MMSE receiver based on knowledge of co-scheduler UE for MU. No inter-cell interference cancellation

	HARQ
	Max 4 retransmissions; Synchronous non-adaptive HARQ (chase combining); 
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