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1 Introduction
In meeting #60bis and#61, feedback frameworks [1-3] were agreed which states that a precoder for a subband is a matrix multiplication of two matrices 
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 and each of these two matrices belongs to separate codebooks C1 and C2  respectively where the first matrix targets wideband/long-term and the second frequency-selective/short term time channel properties. Furthermore, the agreement in [2] states that the codebook can take the form to generate at least 16 rank 1 beams for co-polarized uniform linear arrays and at least 8 beams for each group of four co-polarized antennas in the closely spaced antenna setup.
In meeting #61bis, several double codebook proposals for 8 Tx [4-6] were proposed. In this contribution, we propose an updated and improved double codebook and make a comparison with the codebooks in [4-6]. 
2 Double Codebook Design for 8 Tx
We propose a double codebook design for 8TX based on the agreed way forward for Rel-10 feedback and the following principles and observations:

· W1  creates wideband beams by DFT vectors, one per polarization in case of dual polarized antenna arrays
· The beams are oversampled to obtain high spatial resolution
· Since W1 is wideband, a large codebook/oversampling ratio can be acceptable without too much impact on feedback overhead
· W2  co-phase the beams created by W1 on a per subband basis
· Since W2  is subband based, it is costly in overhead and its codebook must be kept small. 
· The same beam is used for both layers in case of rank 2 transmission but separated by an polarization orthogonal cover

· For rank 5 to 8, it has been observed that closed loop precoding has less benefits and the corresponding codebook consists therefore of a single matrix per rank, extended from the lower rank codebooks.
· The codebook shall be designed assuming CSI reporting over PUSCH. Then, to fit the CSI feedback in the more narrow PUCCH feedback channel, it may be necessary to utilize a smaller codebook obtained as a predefined subset of the codebook used in reporting over PUSCH. This smaller codebook then provides less resolution in spatial domain which is accordance with the commonly assumed wideband CSI feedback in PUCCH, which provides lower resolution in frequency domain. 
Based on these general principles, we propose the following double codebook for 8 Tx.
· The precoder for a subband is a matrix multiplication of two matrices W1 and W2 as W = W1*W2.
· W1 is a block diagonal matrix W1= [X 0; 0 X], where X is 4xNb matrix made up of 4Tx DFT beams and Nb is a design parameter. 
· For Rank 1, Nb=1 and X belongs to a codebook of 32 oversampled 4x1 DFT vectors, used to generate the generic beams.
· For Rank 2, 3 and 4, Nb=2 and X belongs to a codebook of 4x2 matrices where each column generates a beam. 
· For Rank 5 and 6, Nb=3, and only one X matrix is defined, i.e. the corresponding codebook consists of a single element; |C1|=1
· For Rank 7 and 8, Nb=4, and only one X matrix is defined, i.e. |C1|=1
· W2  is performing co-phasing of the columns in W1
· For rank 1 case, W2 is a 2x1 vector. 
· For rank R=2,3 or 4, W2 is a 4xR matrix 
· For rank R=5 or 6, W2 is a 6xR matrix 
· Only one W2  is defined per rank, i.e. |C2|=1
· For rank R=7 or 8, W2 is a 8xR matrix 

· Only one W2  is defined per rank, i.e. |C2|=1
We give the detailed codebook in Appendix A1. 
3 Feedback reporting using PUCCH 
Here we discuss the double codebook based feedback reporting using PUCCH. In [4], two different CSI mode for PUCCH were defined as below:
· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W1 and RI are reported together in one subframe

· W1 and RI are jointly encoded into 5 bits

· CSI Mode 2:  W is determined by a single report confined to a single sub-frame

· W1 and W2 are reported in one subframe

· Sub-sampling is applied to W1 and/or W2 to ensure a total payload size (W1 and W2) of 4 bits

For CSI Mode 1, with W1 and RI reported together in one subframe, the total UL transmission power should be shared by W1 and RI together. It shall be noted that RI is in Rel.10 increased to 3 bits compared to 2 bits in Rel.8 due to the support of 8 antenna ports. Then by additionally adding CSI feedback information about W1 could potentially reduce the reliability and coverage of the RI. Therefore, it should be seriously considered  how to meet the system requirement of the joint transmission of W1 and RI on PUCCH, especially for the cell-edge UEs. 
For CSI Mode 2, since RI is reported independently in one subframe, it can achieve the similar performance as that in Rel. 8. However, since W1 and W2 are reported simultaneously on PUCCH in CSI Mode 2, the total overhead of W1 and W2 should be limited. In Appendix A.3, with sub-sampling the codebooks of C1 and C2  as defined in Appendix A.1, we give a detailed double codebook design for CSI Mode 2.
4 Simulation Results
We compare the link-level throughput performance of a 8x2 MIMO setup using the proposed double CB in Appendix A.1 with 32 beams (B32DCB) with the double CB in [4] (BSDCB) and the proposed double CB in Appendix A.2 with 16 beams (B16DCB). The detailed simulation assumption can be referred to Appendix A.4. It shows that, 

· These three double codebook schemes achieve similar performance in SU-MIMO case, especially in low SNR region (below 10dB).
· The proposed double CB in Appendix A.1 having 32 beams shows clearly a superior performance over BSDCB and B16DCB in the MU-MIMO case. 
As these codebooks have different feedback overhead, Table 1 below gives an overhead summary. It shows that despite the same performance for SU-MIMO and better performance for MU-MIMO, the total precoder report size of the proposed double CB (B32DCB) is much less than that of the double CB in [4].
The main drawback with the double CB in [4] compared to B32DCB is that it use a relatively  smaller C1 codebook, which must be compensated by a larger C2 codebook to match the performance. Since C2 is 13 times more costly in feedback overhead compared to C1 (if there is 13 subbands as in the 20 MHz case), the codebook in [4] is very expensive in feedback overhead without any performance benefit.
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Figure 1 SU-MIMO performance. 
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Figure 2 MU-MIMO performance
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	B32DCB (Appendix A.1)
	(5,5)
	(2,2)
	wideband
	subband
	(31,31)

	Double Codebook [4]
	(3,3)
	(4,4)
	wideband
	subband
	(55,55)


Table 1: Comparison of report sizes for one aperiodic report on PUSCH where 
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 is reported as a wideband matrix and 
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is reported per subband. Table 1 assumes 20 MHz system bandwidth.
5 Conclusion

In this contribution, we propose a double codebook and make a comparison with the codebook in [4]. 

 Based on the above discussion, we propose the following in LTE R10:

· The precoder for a subband is a matrix multiplication of two matrices W1 and W2 as W = W1*W2.

· W1 is a block diagonal matrix W1= [X 0; 0 X], where X is 4xNb matrix made up of 4Tx DFT beams and Nb is a design parameter. 

· For Rank 1, Nb=1 and X belongs to a codebook of 32 oversampled 4x1 DFT vectors, used to generate the generic beams.

· For Rank 2, 3 and 4, Nb=2 and X belongs to a codebook of 4x2 matrices where each column generates a beam. 
· For Rank 5 and 6, Nb=3, and only one X matrix is defined, i.e. the corresponding codebook consists of a single element; |C1|=1

· For Rank 7 and 8, Nb=4, and only one X matrix is defined, i.e. |C1|=1
· W2  is performing co-phasing of the columns in W1

· For rank 1 case, W2 is a 2x1 vector. 

· For rank R=2,3 or 4, W2 is a 4xR matrix 

· For rank R=5 or 6, W2 is a 6xR matrix 

· Only one W2  is defined per rank, i.e. |C2|=1

· For rank R=7 or 8, W2 is a 8xR matrix 

· Only one W2  is defined per rank, i.e. |C2|=1
· For CSI Mode 1, with up to 5 bits of W1 and RI on PUCCH, it should be seriously considered  how to meet the system requirement of the joint transmission of W1 and RI on PUCCH, especially for the cell-edge UEs.

· For CSI Mode 2, sub-sample the codebooks of C1 and C2 to meet the overhead limit.
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Appendix

A.1 Double codebook for 8 Tx (RANK<=4): B32DCB
The 32 4Tx DFT beams are listed as below,
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Hereafter, for the convenience of description,  {m,n,…} means that X=[bm,bn,…], m,n=0,…,31.
The detailed double codebook design for 8 Tx (rank<=2) is as below.

· RANK 1 
· W1:   32 W1 matrices: {0}, {1}, …, {31}

· W2:   4 QPSK co-phasing hypotheses,i.e,
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· RANK 2
· W1 : 32  W1 matrices: 
{0,2}, {1,3}, …, {31,1}
· W2 : 4 QPSK co-phasing hypotheses, i.e, 
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.
· RANK 3 
· W1: 16 W1 matrices: 

{0, 8}, {2, 10},…, {30, 6}

· W2: 4 BPSK co-phasing hypotheses,i.e,
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.
· RANK 4 
· W1 : 16  W1 matrices,i.e, 

{0, 8}, {2, 10},…, {30, 6}.
· W2 : 2 QPSK co-phasing hypotheses,i.e,
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A.2 Double codebook for 8 Tx (RANK<=4): B16DCB
The 16 4Tx DFT beams are listed as below,
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Hereafter, for the convenience of description,  {m,n,…} means that X=[bm,bn,…], m,n=0,…,15.
The detailed double codebook design for 8 Tx (rank<=4) is as below.
· RANK 1 
· W1:  16 W1 matrices: {0}, {1}, …, {15}

· W2:   4 QPSK co-phasing hypotheses,i.e,
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· RANK 2
· W1 : 16  W1 matrices: {0,1}, {1,2}, …, {15,0}.

· W2: 4 QPSK co-phasing hypotheses, i.e,
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.
· RANK 3 
· W1: 16  W1 matrices: 

{0, 4}, {1, 5}, …, {15, 3}

· W2: 4 BPSK co-phasing hypotheses,i.e,
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· RANK 4 
· W1 : 16  W1 matrices,i.e, 

{0,4}, {1,5}, …, {15,3}.
· W2 : 2 QPSK co-phasing hypotheses,i.e,
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A.3 Double CB for 8Tx (RANK<=4): PUCCH mode (CS2)

The 32 4Tx DFT beams are listed as below,
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Hereafter, for the convenience of description,  {m,n,…} means that X=[bm,bn,…], m,n=0,…,31.
The detailed double codebook design for 8 Tx (rank<=2) is as below.
· RANK 1 
· W1: 8 W1 matrices: {0}, {4}, …, {28}

· W2: 2 BPSK co-phasing hypotheses
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· RANK 2

· W1: 8 W1 matrices: {0,2}, {4,6}, …, {28,30}.
· W2: 2 BPSK co-phasing hypotheses
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· RANK 3&4
· W1: 8  W1 matrices: {0, 8}, {4, 12},…, {28, 4}
· W2 :

· RANK3: 2 BPSK co-phasing hypotheses 
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· RANK4: 2 QPSK co-phasing hypotheses
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A.4 Link simulation assumptions

System model
	Parameter
	Value

	System bandwidth
	5MHz

	Channel Estimation
	Ideal

	Modulation and Coding rate
	AMC table from Rel.8 

	Channel Coding
	3GPP Turbo code

	Max number of HARQ retransmissions
	4

	Carrier Frequency
	2.0 GHz

	Channel Detection Algorithm
	MMSE

	CQI, PMI and Rank Feedback
	Error free

	Feedback granularity
	5 PRB

	Delay of feedback
	10 ms

	Number of drops
	2000

	Overhead
	3 control symbols (PDCCH,PCFICH and PHICH)

Reference signals for 4 LTE Rel-8 antenna ports

Reference signals for 1-4 LTE Rel-10 antenna ports (rank dependent)


Channel model

	Channel model
	SCME, Urban Macro with 8° angular spread

	UE speed
	 3km/h

	Antenna element model
	Eight dual polarized (+45°,-45°) at eNB with antenna numbering {1234} for +45° and {5678} for -45°;
Two dual polarized at UE;

	Antenna spacing 
	0.5 ( between co-polarized antennas at eNB


SU-MIMO simulation assumption
	Number of UE
	1

	Rank adaptation
	Rank adaptation

	BLER of 1st transmission
	Targeting 10% BLER


MU-MIMO simulation assumption
	Number of UE
	10

	Number of pairing UEs
	Maxim 4 pairing UEs

	Rank per UE
	1

	BLER of 1st transmission
	Targeting 10% BLER




















_1335010071.unknown

_1343569718.unknown

_1343632450.unknown

_1343632474.unknown

_1343632491.unknown

_1343632428.unknown

_1343112940.unknown

_1343480738.unknown

_1342621528.unknown

_1343053516.unknown

_1342621447.unknown

_1334381324.unknown

_1335010070.unknown

_1334381318.unknown

