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1. Introduction
In RAN1#61, a WF was agreed on UE feedback [4] but there was no agreement on the choice of a double codebook structure – between W1W2 and W2W1. In addition, another WF on UE feedback signaling was also agreed [6]. In this contribution we outline our proposal for double codebook based feedback for 4Tx and 8Tx antennas as well as feedback signaling. The system simulation assumptions are aligned with [1]

 REF _Ref265050488 \r \h 
[3].
2. Double codebook proposal for 4Tx and 8Tx
Structure: Proposal: A double codebook structure for 4 Tx and 8 Tx feedback for ranks 1 and 2 is given by 
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where W1 is block-diagonal and contains wideband spatial channel information and W2 contains subband spatial channel information. For ranks greater than 2 no significant benefit has been observed with the introduction of a double codebook structure and we propose to use a single codebook index feedback for ranks greater than 2.
Justification: Two double codebook structures W1W2 and W2W1 have been compared in Table 1, Table 2, Table 3 and Table 4 (all methods have equal feedback overhead). The Samsung W2W1 structure is obtained from [7] and the Ericsson GoB W1W2 8Tx structure is obtained from [6]. The Motorola W1W2 4Tx structure is described in the following. It is observed from the simulation results that W1W2 structure provides a better performance (up to 3%) for cross-polarized antennas and similar performance (compared to W2W1) for co-polarized antennas in most scenarios. In one particular case (ULA with MU-MIMO) we observe that W2W1 provide better performance by 4%.
Table 1: 8Tx SU-MIMO 

	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ at eNB and UE

	
	Gain Cell avg. SE 
	Gain Cell edge SE 
	Gain Cell avg. SE 
	Gain Cell edge SE 

	
	PUSCH feedback (Sub-band PMI and sub-band CQI) 

	Samsung W2W1

(baseline)
	 0%
	 0%
	0%
	0%

	Ericsson GoB W1W2 8Tx
	 -0.2%
	 3%
	0.84%
	 0.62%

	
	


Table 2: 8Tx MU-MIMO 

	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ at eNB and UE

	
	Gain Cell avg. SE 
	Gain Cell edge SE 
	Gain Cell avg. SE 
	Gain Cell edge SE 

	
	PUSCH feedback (Sub-band PMI and sub-band CQI)

	Samsung W2W1

(baseline)
	0%
	TBD
	0%
	0%

	Ericsson GoB W1W2 8Tx
	 1.78%
	TBD
	 3.06%
	5.42%

	
	


Table 3: 4Tx SU-MIMO

	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ at eNB and UE

	
	Gain Cell avg. SE 
	Gain Cell edge SE 
	Gain Cell avg. SE 
	Gain Cell edge SE 

	
	PUSCH feedback (Sub-band PMI and sub-band CQI)

	Samsung W2W1


	0%
	0%
	0%
	0%

	Motorola W1W2 4Tx
	 0.00%
	- 1.39%
	1.00%
	1.23%

	
	


Table 4: 4Tx MU-MIMO

	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ at eNB and UE

	
	Gain Cell avg. SE 
	Gain Cell edge SE 
	Gain Cell avg. SE 
	Gain Cell edge SE 

	
	PUSCH feedback (Sub-band PMI and sub-band CQI)

	Samsung W2W1


	0%
	0%
	0%
	0%

	Motorola W1W2 4Tx
	 -4.32%
	 -4.82%
	2.04%
	 3.12%

	
	


Design: Proposal: In the case of 8Tx antennas, the GoB codebook for W1W2 proposed in [6] (with 4b for W1 and 2b for rank-1 W2 and 1b for rank-2 W2) was observed to perform well compared to other codebooks and our proposal is aligned with the same. 
In the case of 4Tx antennas we extend the GoB proposal in [6] in the following. The motivation is to increase the codebook size for W1 from 3 bits to 4 bits. A 4 bit codebook for W1 is constructed as follows
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( LISTNUM equat \l1
C1(k) is a codebook element and d is a 4-element vector that may be optimized for performance. The value of d used in the simulations is [-0.8819+0.4714i 0.7730+0.6344i 0.2903-0.9569i  -0.9952+0.0980i]. The exact codebook construction is provided in the Appendix.
Justification: In the case of 4Tx antennas using a 4 bit codebook for W1 can improve the performance (compared to a 3 bit codebook) significantly in ULA scenarios as noted in Table 5, Table 6. The Ericsson GoB W1W2 4Tx codebook is from [6] and the Motorola W1W2 4Tx codebook is from (2).
Table 5: 4Tx SU-MIMO

	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ 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

	
	PUSCH feedback (Sub-band PMI and sub-band CQI)

	Ericsson GoB W1W2 4Tx
	0%
	0%
	0%
	0%

	Motorola W1W2 4Tx
	0.75%
	2.73%
	0.26%
	0.080%

	
	


Table 6: 4Tx MU-MIMO

	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ 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

	
	PUSCH feedback (Sub-band PMI and sub-band CQI)

	Ericsson GoB W1W2 4Tx
	0%
	0%
	0%
	0%

	Motorola W1W2 4Tx
	 3.57%
	2.08%
	0.44%
	0.58%

	
	


3. PUCCH signaling for double codebook feedback

The motivation is to provide the simplest extension from Release-8 to accommodate a double codebook structure. At the same time, the main principles of Release-8 feedback consisting of sub-band CQI with wideband PMI and wideband CQI with sub-band PMI is upheld and not revisited.

CSI Mode 2 Proposal: 

· Direct extension of Rel.8 PUCCH Mode 1-1
· W is determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame
· In case RI>1, joint sub-sampling of subsets of codebook C1 and C2 indexed by 4 bits so that total payload size with CQI is 11 bits.

· In case RI=1, there could be two options. 

· Option 1: Allow 6 bit PMI feedback with RI=1 including 4 bits for W1 and 2 bits for W2. This maintains total payload size to 10 bits and also provides better performance than Release 8 due to additional feedback bits.
· Option 2: Joint sub-sampling of subsets of codebook C1 and C2 indexed by 4 bits 

· W2 is wideband 

Justification: In the simulation results noted in Table 8 and Table 9 we observe the following – 

· Joint sub-sampling from W1, W2 is necessary to ensure that there is no performance loss compared to LTE Release-8 when the bits allocated to PMI is reduced to 4 bits total (W1+W2). This can be easily noted from the results for case2 and case 3 noted in Table 8 and Table 9. The simulation results show that without joint sub-sampling (using 0b for W2) can result in 7% cell throughput loss and 20% edge throughput loss in ULA scenarios compared to Rel-8. The joint sub-sampling indices used in the simulations are provided in the Appendix.
· The simulations also show that there is significant improvement in performance by allowing more bits for RI=1 which is simulated in case 4 and case 5. The gains are achievable in all scenarios and are of the order of 0.4 – 2.5%.
Table 7: Simulation cases for PUCCH signaling
	Case
	Feedback Method
	Overhead due to PMI

	
	
	
	

	1
	LTE Rel-8
	4b for R1, R2 as in Release-8
	

	2
	W1W2 (W2 fixed)
	4b for W1, 0b for W2 for R1, R2
	

	3
	W1W2 (joint sub-sampling) 
	4b for R1, R2 selected jointly from W1W2
	

	4
	W1W2 (Ericsson)
	5b for R1 (3b W1), 4b for R2 (3b W1)
	

	5
	W1W2 (Motorola)
	6b for R1 (4b W1), 4b for R2 (joint sub-sampling)
	


Table 8: 4Tx SU-MIMO

	
	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ at eNB and UE

	Case
	
	Gain Cell avg. SE 
	Gain Cell edge SE 
	Gain Cell avg. SE 
	Gain Cell edge SE 

	
	
	PUCCH feedback (Wideband PMI and wideband CQI)

	1
	LTE Rel-8


	0%
	0%
	0%
	0%

	2
	W1W2 (W2 fixed) 

	-7.28%
	-21.14%
	-0.80%
	-6.91%

	3
	W1W2 (joint sub-sampling) 
	0.48%
	-1.23%
	0.46%
	0.26%

	4
	W1W2 (Ericsson) 


	0.40%
	-0.95%
	1.55%
	1.40%

	5
	W1W2 (Motorola) 


	1.25%
	2.00%
	1.71%
	1.90%

	
	
	


Table 9: 4Tx MU-MIMO

	
	
	ULA 0.7λ at eNB and UE
	XPOL 0.7λ at eNB and UE

	Case
	
	Gain Cell avg. SE 
	Gain Cell edge SE 
	Gain Cell avg. SE 
	Gain Cell edge SE 

	
	
	PUCCH feedback (Wideband PMI and wideband CQI)

	1
	LTE Rel-8


	0%
	0%
	0%
	0%

	2
	W1W2 (W2 fixed) 

	 -7.56%
	-17.3%
	1.11%
	-3.14%

	3
	W1W2 (joint sub-sampling) 
	0.83%
	1.13%
	0.53%
	-0.16%

	4
	W1W2 (Ericsson) 


	-0.19%
	-1.85%
	1.89%
	0.5%

	5
	W1W2 (Motorola) 


	2.52%
	2.12%
	2.17%
	4.17%

	
	
	


CSI Mode 1 Proposal:

· Extension of Rel.8 PUCCH Mode 2-1
· W2 is wideband

· In case RI>1, joint sub-sampling of subsets of codebook C1 and C2 indexed by 4 bits so that total payload size with CQI is 11 bits. This corresponds to PUCCH report type 2 in Release 8

· In case RI=1, there could be two options. 

· Option 1: Allow 6 bit PMI feedback with RI=1 including 4 bits for W1 and 2 bits for W2. This maintains total payload size to 10 bits and also provides better performance than Release 8 due to additional feedback bits.

· Option 2: Joint sub-sampling of subsets of codebook C1 and C2 indexed by 4 bits 

· PUCCH report type 3 for RI is naturally extended to include ranks 1-8 and contains 3 bits

· PUCCH report type 1 for sub-band CQI is naturally extended to include ranks 1-8 and contains the same number of bits as in Release-8.
Justification: The need for reporting W1 and W2 in separate subframes is questionable at this stage. This feature is necessary only when W1 represents accurate long-term CSI information quantized in to a significantly large number of bits compared to W2. In such a scenario this feature enables a low average bit-rate by spacing W1 feedback far apart. With W1 being coarsely quantized to 4 bits it is neither necessary nor desirable to use W1 as long-term feedback. It has already been pointed out that reporting W1 and W2 in separate subframes may have significant disadvantages – (i) if an additional subframe report is introduced then together with RI a total of 3 reports are necessary before scheduling – this increases scheduling inefficiency (ii) if W1 information is reported with RI then the consequences are not clear. It is shown in [11] that the increase in CSI error is small but it is not addressed whether the impact to system performance due to RI error is similar to that of PMI error. In addition forcing RI and W1 to have the same reporting interval could be detrimental to system performance. Therefore we propose to have W1 and W2 reporting in the same subframe.
4. Simulation Assumptions:
The simulation assumptions for the system are aligned with [1]

 REF _Ref265050488 \r \h 
[3] and additional details are mentioned in the following –
Table 11: System Simulation Parameters

	Parameters
	Values

	Calibration
	Antennas perfectly calibrated

	Scheduler
	PF, FSS, MU-MIMO limited to 2 UEs, rank-1 each

Exhaustive search is used to maximize sum throughput

	Channel Model
	10MHz SCM Urban Macro high spread, 3kmph

	UE antenna orientation 
	Fixed

	CQI Model
	CQI/PMI/Rank computation according to Rel-8

Feedback is every 5ms

	Receiver
	MMSE-IRC
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Appendix
Codebook construction for C1 (4 bit codebook for W1) for Motorola W1W2 4Tx:
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d=[-0.8819+0.4714i 0.7730+0.6344i 0.2903-0.9569i  -0.9952+0.0980i];
for k=1:8,
    C1(:,:,k)=kron(eye(2),Y(:,k));
    C1(:,:,k+8)=diag(d)*kron(eye(2),Y(:,k));
End

Joint sub-sampling indices for rank-1 and rank-2: 

The indices for W1 are from C1 as constructed above and the indices for W2 are from LTE Release-8 codebooks for 2Tx for rank-1 and rank-2.  
The indices for joint sub-sampling is given by 

Rank-1 (W1,W2): (1,1), (2,1), (5,1), (6,1), (1,2), (2,2), (5,2), (6,2), (3,3), (4,3), (7,4), (8,4), (9,1), (14,2), (12,3), (16,4)

Rank-2 (W1,W2): (1,1), (2,1), (5,1), (6,1), (1,2), (2,2), (5,2), (6,2), (3,2), (4,2), (7,2), (8,2), (9,1), (14,1), (12,2), (16,2)









2
6

_1343652885.unknown

_1343740302.unknown

_1343652192.unknown

