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1. Introduction

The double component 8Tx codebook for Rel-10 has been agreed in [1]. The number of bits for W1 and W2 feedback is given in the following:

	Rank
	(W1, W2) bits

	1
	(4, 4)

	2
	(4, 4)

	3
	(2, 4)

	4
	(2, 3)

	5
	(2, 0)

	6
	(2, 0)

	7
	(2, 0)

	8
	(0, 0)


Three PUCCH reporting modes for 8Tx were proposed in the WF [2] out of which two modes are an extended version of Rel. 8 PUCCH 1-1.  The following table compares the reporting method in Rel. 8 PUCCH 1-1 with the PUCCH 1-1 CSI modes 1 and 2.

	PUCCH Mode
	Report 1
	Report 2

	PUCCH 1-1, Rel.8
	RI
	CQI, W

	PUCCH 1-1,  CSI Mode 1
	RI, W1
	CQI, W2

	PUCCH 1-1,  CSI Mode 2
	RI
	CQI, W1, W2


Table 1: PUCCH reporting methods
Since PUCCH can only accommodate limited overhead, the codebook size needs to be reduced for both CSI modes. For CSI Mode 1, report 1 is the bottleneck since the long-term report should be robust to errors. For CSI mode 2, report 2 is the bottleneck since it must not exceed 11 bits as agreed in [2].  As a consequence, W1 codebook needs to be subsampled for CSI Mode 1 while both W1 and W2 codebooks need to be subsampled for CSI Mode 2.
In this contribution, we provide subsampled codebooks for W1 and W2 in CSI Mode 2 and for W1 in CSI Mode 1. 
2. Sub-sampling for self contained PUCCH 1-1 (CSI Mode 2)

For rank 1 codebook, the overall W codebook can be parameterized by the DFT angle of the sub-antenna array and the inter-polarization phase. The subsampling problem essentially is to allocate bits for DFT angles and the polarization phases. For rank 1, we simulate MU-MIMO performance to evaluate different subsampled codebooks. 
	SCM 8x2 XPOL,

MU-MIMO, 

PUCCH 1-1  (Self Contained W) 
	Low Spread
	High Spread

	4 bits (4D0P)
	3.18/0.123
	2.84/0.110

	4 bits 4D0P 

DFT dependent phase
	2.87/0.129
	2.72/0.112

	4bits  (3D1P)
	3.04/0.133
	2.88/0.112

	5 bits  (3D2P)
	3.15/0.134
	2.93/0.117

	5 bits (4D1P)
	3.14/0.134
	2.91/0.115

	5 bits (4D1P)

DFT dependent phases
	3.13/0.140
	2.91/0.128

	 6 bits  (4D2P)
	3.23/0.141
	2.99/0.132


	SCM 8x2 ULA,

MU-MIMO, 

PUCCH 1-1  (Self Contained W) 
	Low Spread
	High Spread

	4 bits (4D0P)
	3.05/0.079
	2.86/0.80

	4 bits 4D0P 

DFT dependent phase
	3.64/0.155
	3.29/0.132

	4bits  (3D1P)
	3.24/0.141
	2.99/0.123

	5 bits  (3D2P)
	3.43/0.144
	3.15/0.126

	5 bits (4D1P)
	3.22/0.139
	2.98/0.123

	5 bits (4D1P)

DFT dependent phases
	3.63/0.154
	3.29/0.131

	 6 bits  (4D2P)
	3.63/0.153
	3.28/0.130


Table 2: MU MIMO performance of the original and sub-sampled codebooks for PUCCH 1-1, XPOL and ULA antenna configurations
For the case of rank 2, apart from the DFT angle and the inter-polarization phase, another parameterization element in the codebook is the difference in the DFT angle between the two columns of the precoder. Indexing the DFT angle of the full codebook from 0 to 31, the angle offset between the columns can range from 0 to 3. The notation for different codebooks can be explained with the example (3D1P) OFF1 where 3D represents the number of DFT bits and 1P indicates the number of phase bits while OFF1 represents the offset in the DFT angle between the two columns of the precoder. 

	SCM 8x2 XPOL,

SUMIMO, PUCCH1-1
	Low Spread
	High Spread

	 (4D0P) OFF0
	2.62/0.075
	2.53/0.082

	(3D1P) OFF0
	2.57/0.073
	2.45/0.074

	 (4D0P) OFF1
	2.62/0.078
	2.51/0.080

	(3D1P) OFF1
	2.60/0.075
	2.51/0.080

	 (4D0P) OFF2
	2.60/0.075
	2.51/0.080

	(3D1P) OFF2
	2.59/0.085
	2.49/0.080

	(4D0P) OFF0

DFT dependent phases
	
	2.53/0.079


	SCM 8x2 ULA
SUMIMO, PUCCH 1-1
	Low Spread
	High Spread

	 (4D0P) OFF0
	2.30/0.047
	2.34/0.039

	(3D1P) OFF0
	2.36/0.074
	2.38/0.071

	 (4D0P) OFF1
	2.29/0.046
	2.34/0.070

	(3D1P) OFF1
	2.37/0.072
	2.38/0.072

	 (4D0P) OFF2
	2.29/0.046
	2.34/0.039

	(3D1P) OFF2
	2.37/0.073
	2.39/0.072

	(4D0P) OFF0

DFT dependent phases
	2.41/0.075
	2.41/0.072


Table 3: SU MIMO Performance of the original and refined codebooks for PUCCH 1-1 in XPOL and ULA antenna configurations

Since W1 codebook is common to both ranks 1 and 2, it should be ensured that the subsampled codebook has a common W1 codebook as well. Based on this principle, and from the results in Table 3 and 4, we have the following proposals for sub sampling in the self-contained W1. 

	Proposal
	W1 CB  Ranks 1 and 2
	 W2 CB Rank 1
	W2 CB Rank 2

	Option 1
	3 bits

i1 from {0, 2, 4, …, 14}
	1 bit option

i2 from  {0,2}

2 bit option

i2 from  {0,1,2,3}
	1 bit

i2 from  {0, 1}

	Option 2
	3 bits 

i1 from {0, 2, 4, …, 14}
	2 bits

i2 from  {0, 2, 8, 10}
	1 bit

i2 from  {0, 1}

	Option 3
	4 bits 

i1 from {0, 1,2 …, 15}
	0 bits

i2=i1 mod 4
	0 bits

i2=i1 mod 2


Table 4: Proposals for PUCCH 1-1 CSI Mode B

Note that Options 1 and 2 satisfy the nesting property. 

3. Sub-sampling for PUCCH 1-1 CSI Mode 1 (RI+W1)
For the PUCCH mode where W1 is augmented to RI, the design problem is constrained by the total number of bits available for the ‘augmented’ rank indication, where there is a tradeoff between W1 accuracy and increased transmission error probability. In the following table, we propose state allocations to each rank for the augmented RI size of 4 and 5 bits, for a UE that may report up to 8 ranks. 

	Rank 
	Original (W1, W2) bits
	Number of W1’s per rank: 
5 bits for RI+ W1
	Number of W1’s per rank:  
4 bits for RI+ W1

	1
	(4, 4)
	8
	4

	2
	(4, 4)
	8
	4

	3
	(3, 4)
	4
	2

	4
	(3, 3)
	4
	2

	5
	(2, 0)
	2
	1

	6
	(2, 0)
	2
	1

	7
	(2, 0)
	2
	1

	8
	(1, 0)
	1
	1


Table 5: State allocations for different ranks
	Number of Rx Antennas
	Total number of bits for RI+W1

	2
	Option 1:  4 bits
Option 2:  3 bits

	4
	Option 1:  5 bits
Option 2:  4 bits

	8
	Option 1:  5 bits
Option 2:   4 bits


Table 6: Total number of RI+W1 bits required for 2, 4, and 8 antennas at the UE
According to the number of available states for each rank, the corresponding W1 is uniformly sampled from the original codebook.

For the options provided, either 2 or 3 bits of W1 can be added to RI for rank 1.  In the following, we compare the options of combining 2 and 3 bits of W1 with RI for the case of MU-MIMO. We also consider the effect of error in RI+W1. The uplink-errors model is described in an accompanying contribution [3]. The RI update interval is taken to be 80ms.  

	SCM 8x2 XPOL
MUMIMO, PUCCH1-1 

(CSI Mode 1)
	Low Spread

No UL errors
	Low Spread

With UL errors
	High Spread

No UL errors
	High Spread

With UL errors

	5 bits in RI+W1
	3.32/0.145
	3.29/0.137
	3.05/0.129
	3.02/0.123

	4 bits in RI+W1
	3.21/0.138
	3.16/0.132
	2.98/0.125
	2.93/0.115


	SCM 8x2 ULA
MUMIMO, PUCCH1-1 

(CSI Mode 1)
	Low Spread

No UL errors
	Low Spread

With UL errors
	High Spread

No UL errors
	High Spread

With UL errors

	5 bits in RI+W1
	3.68/0.170
	3.56/0.155
	3.29/0.142
	3.20/0.135

	4 bits in RI+W1
	3.48/0.152
	3.36/0.142
	3.16/0.132
	3.07/0.125


Table 7: MU-MIMO performance of Options 1 and 2 for CSI Mode 1
We note that most of the loss from the 3bits W1 to 2bits is due to the uneven sub-sampling of the beamforming angle with 2bits. Interestingly, if the 8TX codebook is modified to allow even sub-sampling with 2bits W1, the gap between 2 and 3 bits closes almost completely.
Since a common subsampled codebook is desired for both rank 1 and rank 2, the rank 2 codebook is sub-sampled similarly to rank 1.
4. Conclusions

Since the two PUCCH 1-1 modes target two different scenarios our preference is to have both options in the specifications. If only one of the modes will be chosen, our preference is for CSI Mode 1 since it brings better performance.  For PUCCH 1-1 (CSI Mode 2), we propose that the subsampled codebooks have 3 or 4 bits of DFT choices and 1 bit of phase choices for rank 1. For rank 2, we propose 3 bits of DFT choices and 1 bit for phase choices.  The sub-sampling indexing is given below:

	Proposal
	W1 CB  Ranks 1 and 2
	 W2 CB Rank 1
	W2 CB Rank 2

	Option 1
	3 bits

i1 from {0, 2, 4, …, 14}
	1 bit 

i2 from  {0,2}
	1 bit

i2 from  {0, 1}

	Option 2
	3 bits 

i1 from {0, 2, 4, …, 14}
	2 bits

i2 from  {0, 2, 8, 10}
	1 bit

i2 from  {0, 1}


For CSI Mode 1 we propose that the RI+W1 will contain 5 bits according to the state allocation given in Table 5. The index sets is {0, 2, 4, 6, 8, 10, 12, 14}. 
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6. Appendix: 
6.1. Simulation Assumptions

	Parameter
	Assumption

	Antenna Configuration
	8 Tx eNB 0. 5 lambda, XPOL and ULA

2-Rx UE 0.5 lambda, XPOL and ULA

	Channel Model
	3GPP case1,  3D , SCM-UMa with low and high spread

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

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

	Number of users 
	10 (on average)

	UE Feedback
	PMI/CQI 

	Feedback Granularity
	1 CQI/PMI report for 5 PRBs, (Wideband W1 and Subband W2) 

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	Scheduler Type
	Proportional fair

	MU-MIMO Precoder
	Zeroforcing

	MU-MIMO UE Pairing
	Chordal distance of 1.8 

	Rank-adaptation
	1-layer per UE and 2 UEs in MU-MIMO
Rank adaptation for SU-MIMO

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

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

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

	Receiver Configuration
	Ideal MMSE  (Perfect intercell and intracell interference knowledge)

	Overhead
	30.3 % (Agreed overhead assumption for performance evaluation for ITU submission (LTEA MIMO/CoMP, L=3 control symbols))
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