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1. Introduction

The codebook for 8Tx has been agreed in [1].  The following table provides the number of wideband and subband bits for the PMI feedback with the agreed codebook.
	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)


The above design will be used for the existing PUSCH modes that include 1-2, 2-2 and 3-1. However, if PUSCH 3-2 is agreed, this codebook will entail significant feedback overhead. For ranks 1 and 2, the codebook entails a feedback overhead of 4L+4 where L is the number of subbands. The overhead is substantial and needs to be reduced if PUSCH 3-2 were to be agreed. To this end, it has been captured in Chairman’s notes [2] that:
If mode 3-2 is agreed, consider refinements that reduce the overhead, taking the performance/overhead trade-off into account.

Performance evaluation from different companies [3-4] reveals that additional gain over the existing PUSCH modes can be obtained in PUSCH 3-2, which does not exist in the specification so far. Therefore, it must be explored if the number of feedback bits can be reduced for the potential PUSCH 3-2 mode without compromising on performance.
In this contribution, we show that the 8Tx codebook can be refined to have 2 bits for W2 instead of 4 with almost the same performance of the agreed codebook. In the refined codebook, one of the DFT selection bits at the subband is removed and the other bit is moved to the wideband. The overlap (every alternate codeword) in the wideband codebook is also eliminated. The resulting codebook is equivalent to GOB (4 bit WB and 2 bit SB) proposed in [5].
Further, we also study the improvement in performance when the 2 bits saved in PMI is used for providing MU CQI. The observation is that the 2 bits can be spent wisely on improving the CQI information.
2. PUSCH 3-2

Table 1 lists MU-MIMO SLS results for 3-2 compared to 3-1:

	
 SCM 8x2  XPOL 0.5
	PUSCH 3-1

Avg/5%  (bits/s/Hz)
	PUSCH 3-2
Avg/5%  (bits/s/Hz)

	Low spread
	3.55/0.177
	3.67/0.187

	High spread
	3.29/0.158
	3.40/0.164


Table 1: MU-MIMO with PUSCH 3-2 vs. 3-2

It can be observed that the extra subband PMI information in Mode 3-2 brings about 3% gain to the cell average and 6% to cell-edge. We therefore propose to include PUSCH 3-2 in the Rel 10 specifications.

3. Refinements for PUSCH 3-2
3.1. Codebook Refinement
Using the same terminology in [1], the proposed refinement for W1 codebook for ranks 1 and 2 can be written as 
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Notice that the refined codebook has 16 possible matrices (4 bits).  In the original codebook [1] Y was a component in the W2 codebook, selected independently for each subband,
For rank 1, W2 codebook is given as
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For rank 2, 
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The above codebook results in GOB codebook [5] with 4 bits WB and 2 bit SB/1 bit SB for ranks 1 and 2 respectively.
3.2. Additional MU-CQI 
We also evaluate the potential benefits of adding MU CQI per subband.. For the selected PMI, we define the MU SNR as 
MU 
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where v is SU PMI. The MU SNR is then quantized with 2 bits as a differential to SU CQI. Two possible differential quantization schemes are given in the table below. Let x be the 4 bit MCS level corresponding to SU CQI.  Let z be the 4 bit MU CQI. 

	MCS Level Difference Region
	Differential MCS Index
	UE indication

	x-y <=1
	1
	0

	x-y=2
	2
	1

	x-y=3
	3
	2

	x-y>= 4
	4
	3


Table 2: Differential quantization levels for MU-CQI
In addition, the resulting MU MCS index is clipped to lie between 0 and 15. In the next section, we provide simulation results for MU-MIMO with SU PMI/CQI and a 2 bit MU CQI quantization.
4. SLS Results

The following table compares the performance of the agreed codebook (EGOB (4,4)) and its refined version GOB (4,2) for the PUSCH 3-2 mode. With 10 subbands, the feedback overhead for the agreed codebook is 44 bits.  For the refined codebook, the overhead is 24 bits.
	SCM 8x2 XPOL,

SUMIMO, PUSCH 3-2
	Low Spread
	High Spread

	EGOB(4,4): SU PMI/CQI
	3.23/0.124
	3.12/0.117

	GOB(4,2): SU PMI/CQI
	3.21/0.123
	3.08/0.115


	SCM 8x2 ULA
SUMIMO, PUSCH 3-2
	Low Spread
	High Spread

	EGOB(4,4): SU PMI/CQI
	3.05/0.133
	3.05/0.122

	GOB(4,2): SU PMI/CQI
	3.01/0.133
	2.99/0.121


Table 3: SU MIMO Performance of the original and refined codebooks for PUSCH 3-2 in XPOL and ULA antenna configurations
The table below compares the original and refined codebooks for MU-MIMO transmission. The case where a 2bit MU CQI is provided is also considered. The overhead for the MU-CQI scheme is 44 bits which is the overhead of the original codebook scenario without MU-CQI enhancement.
	SCM 8x2 XPOL,

MU-MIMO, PUSCH 3-2
	Low Spread
	High Spread

	EGOB(4,4): SU PMI/CQI
	3.67/0.187
	3.40/0.164



	GOB(4,2): SU PMI/CQI
	3.63/0.183
	3.36/0.161

	GOB(4,2) (SU PMI/CQI + MU CQI)
	3.94/0.179 
	3.67/0.157


	SCM 8x2 ULA
MU-MIMO, PUSCH 3-2
	Low Spread
	High Spread

	EGOB(4,4): SU PMI/CQI
	4.00/0.211
	3.65/0.182

	GOB(4,2): SU PMI/CQI
	3.94/0.209
	3.58/0.178

	GOB(4,2) SU PMI/CQI + MU CQI
	4.37/0.204
	4.00/0.173


Table 4: MU MIMO Performance of the original and refined codebooks for PUSCH 3-2 in XPOL and ULA antenna configurations

Observations:

· The refined codebook results in about 1% performance loss while reducing the overhead by almost 50%.

· 2bit MU CQI provides about 9% gains to cell average, but 3% loss to cell-edge.

· Keeping the same 4 bits/subband overhead while replacing 2 out of the 4 SB-PMI bits by 2bit MU-CQI, results in 8% gain to the cell-average.

5. Conclusions

We recommend including PUSCH 3-2 in the Rel10 specifications since it brings a significant gain to MU-MIMO.

For PUSCH 3-2 we recommend to refine the 8Tx codebook to consist of 2 bits W2. The refined codebook suffers 1% performance loss while reducing the feedback overhead by nearly 50%. 

Alternatively, if the saved 2 PMI bits are replaced by 2 bits of differential MU CQI (thus keeping the 4bit/subband overhead), the cell-average performance improves by 8% while the cell-edge loses 3%.
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7. Appendix: 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))





� EMBED Equation.3  ���
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