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1 Introduction

The following conclusions are copied from Chairman Notes for RAN1 #61bis.

Conclusion: 

· It is noted that the cosigning companies of R1-104169 have agreed that there are significant gains for enhanced feedback schemes that are based on the cited WFs.

· It is noted that the cited WFs are already agreed including the case of 4 tx and the focus will be on making the way forward more concrete for 4 tx.

· It is noted that 4 tx is the priority. 

The following design principle for 4Tx feedback enhancement should be considered
· A precoder W for a subband is an matrix multiplication of the two matrices W2 and W1
· Rel-8 codebook or its subset can be reused in the double codebook framework to reduce effort in standardization. 
· Performance and the robustness to the feedback error are two major design criteria for PUCCH mode 
· Only CSI mode 1 is considered, i.e,W1 and W2 are signaled in separate subframes due to capacity limitation in PUCCH.

· Only wideband PMI feedback is supported in PUCCH
· Performance and feedback efficiency are major design criteria for PUSCH mode
· Self-contained CSI feedback in PUSCH
· Subband PMI feedback can be further enhanced in PUSCH for Rel-10.
· The size of subband PMI feedback should be minimized without obvious impact on the performance enhancement. 
Based on the above principle, Adaptive codebook for PUCCH mode and differential codebook for PUSCH reporting mode are suggested, respectively. The detailed codebook design and signaling support are discussed in this contribution. The corresponding system level simulation evaluation is presented in the companion contribution [2].
2 Adaptive Feedback on PUCCH

2.1 Design of the C1 codebook

2.1.1 Rank-1 codebook 
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The proposed codebook for 
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 consists of 64 square matrices where each of them has a Hermitian structure, i.e. 
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is the i-th codeword of 
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, and is power normalized. The codebook is split into two parts, with 16 codewords being optimized for uniform linear arrays and the remaining 48 codewords for dual polarized antenna setups. Further details of the codebook can be found in Appendix 1.

It is noted that two fatal typos are identified in [1], which may have significant and negative impact on the simulations. They are
1. The phase factor 
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should be uniformly distributed between [-160, 160]
2. The phase factor 
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should be uniformly distributed between [-180, 180]
Simulation comparisons are given in section 2.3 to illustrate the impact of the typos in [1]. The real performance gains are also given with all typos revised. It is noted that the simulation results given in [1] are based on typo-free proposals. 
2.1.2 Rank-2 codebook 
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It is given that
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where 
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are two the most significant eigenvectors of 
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and are associated with the eigenvalues 
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and are associated with the eigenvalues 
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. It is noted that 
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. As a result, the i-th codeword of 
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is derived as
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2.1.3 Rank-3 and 4 codebook 
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2.2 Design of the C2 codebook

2.2.1 Rank-1 codebook 
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Rel.8 rank-1 codebook for 4Tx is selected as C2.

2.2.2 Rank-2 codebook 
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The i-th codeword of rank-2 codebook is defined as


[image: image31.wmf]]

,

,

[

,

)

(:,

)

(:,

)

(

,

,

16

1

i

2

w

0

0

1

w

i

2

C

i

2

i

2

2

r

L

Î

ú

û

ù

ê

ë

é

=


where  
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is the i-th codeword of Rel.8 rank-2 codebook for 4Tx. It is noted that a fixed and restricted subset of Rank-2 codebook is used based on the selected W1. 
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Table 1. Codebook 
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	Subset selection 
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2.2.3 Rank-3 and 4 codebooks 
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Rel.8 Rank-3 and 4 codebooks for 4Tx are used.

2.3 Enhanced PUCCH

· Wideband report:W1 wideband/long-term, W2 wideband, CQI wideband

· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W1, W2 and CQI reported in two subframes

· W1 is independently encoded and reported in one subframe

· W2 is reported together with wideband CQI in another subframe

· Example 1: A direct extension of Mode 2-1 in Rel.8 is depicted in Fig. 1, where 
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are the feedback periodicity of W1 and W2, respectively, N is a positive integer. 
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                                                    Fig 1. A direct extension of Mode 2-1 in Rel.8

· Example 2: A direct extension of Mode 1-1 in Rel.8 is given in Fig. 2.


[image: image44]
                                                    Fig 2. A direct extension of Mode 1-1 in Rel.8

· CSI Mode 2:  W is determined by a single report confined to a single subframe,

· W1, W2 and CQI reported in a single subframe

· One of W1/W2 could be fixed and hence does not need to be signaled 

· One of W1/W2 is not fixed but still does not necessarily need to be signaled

· Subband report: No subband PMI is reported
2.4 Simulations

A MU-MIMO system level simulator with 4 transmit and 2 receive antennas per UE is used to compare the system level performance between a single codebook approach (which is based on the Rel-8 codebook only) and a double codebook approach as described in the previous sections. A pool of 10 users per sector is assumed, while greedy user scheduling with proportional fairness is carried out. Up to 2 UEs are paired for MU-MIMO, with rank one transmission per UE. Zero forcing MU-MIMO beamforming is used at the eNB side. Dedicated downlink DMRS are used for both non-adaptive codebook and adaptive codebook. The matrix 
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 from the long term codebook is updated once every 100ms. 

Both MMSE and MRC receivers are assumed at UE sides. It is noted that all CSI associated with dominant interferences are assumed available at MMSE receiver. In practical, if only partial CSI of the dominant interferences are available, MMSE receiver based performance improvement by AC should be higher than what are shown in Table 2.
                                         Table 1: Performance comparison with MRC receiver
	PUCCH
	Rel.8 codebook
	Adaptive codebook 

(perfect covariance 

information+W2)
	Adaptive codebook

(6bit W1+W2)


	Adaptive codebook [R1-103447] with typos

	
	cell average
	Cell edge
	cell average
	cell edge
	cell average
	cell edge
	cell average

	Modified Mode 1-1
	Co-pol 
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	1.80
	0.66
	2.05 (14%)
	0.72 (8.5%)
	2.04 (13%)
	0.71  (7%)
	1.81       (0.4%)

	
	Dual-pol 
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	1.22
	0.53
	1.47 (20.5%)
	0.61 (15.3%)
	1.41 (15.1%)
	0.58 (8.5%)
	1.33       (8.6%)

	Modified Mode 2-1
	Co-pol 
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	2.03
	0.73
	2.32 (15%)
	0.77 (6.5%)
	2.30 (14%)
	0.75 (3.1%)
	1.99     (-1.6%)

	
	Dual-pol 
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	1.22
	0.49
	1.46 (19.4%)
	0.60 (22.2%)
	1.39 (13.2%)
	0.54 (9.5%)
	1.30       (6.1%)


                            Table 2: Performance comparison with MMSE receiver
	PUCCH
	Rel.8 codebook
	Adaptive codebook 

(perfect covariance 

information+W2)
	Adaptive codebook

(6bit W1+W2)



	
	cell average
	Cell edge
	cell average
	cell edge
	cell average
	cell edge

	Modified Mode 1-1
	Co-pol 
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	2.39
	0.86
	2.62  (9.8%)
	0.94 (9.4%)
	2.60     (8.9%)
	0.92       (6.5%)

	
	Dual-pol 
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	2.00
	0.69
	2.25   (12.4%)
	0.79 (14.4%)
	2.20     (9.6%)
	0.76     (10.5%)

	Modified Mode 2-1
	Co-pol 
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	2.66
	0.92
	2.90      (9.2%)
	0.97  (6.1%)
	2.88     (8.6%)
	0.93       (1.4%)

	
	Dual-pol 
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	2.08
	0.66
	2.31   (10.8%)
	0.74 (12.6%)
	2.24     (7.6%)
	0.71           (7%)


3 Differential Feedback on PUSCH

3.1 Codebook Design
The precoding matrix recommended by the UE is W = W2W1, where
· W1 is wideband, from the Rel-8 4Tx codebook (codebook C1)
· W2 is subband, and a diagonal unitary matrix, from codebook C2 given in Table 1. 
Table 3. Codebook C2 on PUSCH mode
	Index
	W2
	Index
	W2

	0
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3.2 Signalling support

· PUSCH 1-2

· A single precoding matrix W1 is selected from the codebook C1 assuming transmission on set S subbands
· For each subband a preferred matrix W2 is selected from the codebook C2 assuming transmission only in the subband and based on the precoder W=W2W1.
· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding precoding matrix W in each subband and transmission on set S subbands.
· A UE shall report the single selected matrix W1 indicator and the selected matrix W2 indicator for each set S subband.
· PUSCH mode 3-1

· A single matrix W1 is selected from the codebook C1 assuming transmission on set S subbands

· A single matrix W2 is selected from the codebook C2 assuming transmission on set S subbands

· A UE shall report one subband CQI value per codeword for each set S subband which is calculated assuming the use of the precoder W=W2W1 in all subbands and assuming transmission in the corresponding subband.

· A UE reports a wideband CQI value per codeword which is calculated assuming the use of the precoder W in all subbands and transmission on set S subbands

· The UE reports the selected precoding matrix indicators - W1 and W2.
· Subband CQI for each codeword is encoded differentially w.r.t. their respective  wideband CQI.
· PUSCH mode 3-2
· A single matrix W1 is selected from the codebook C1 assuming transmission on set S subbands

· A single matrix W2 is selected from the codebook C2 assuming transmission on set S subbands

· For each subband a preferred matrix W2 is selected from the codebook C2 assuming transmission only in the subband and based on the precoder W=W2W1.
· A UE reports a wideband CQI value per codeword which is calculated assuming the use of the precoder W in all subbands and transmission on set S subbands

· The UE reports the selected precoding matrix indicators - W1 and W2.
· Subband CQI for each codeword is encoded differentially w.r.t. their respective wideband CQI.
· Proposal: 1 bit of the index of W2 may be reported with RI in Rel-10 to improve feedback efficiency but without performance degradation.
4 Conclusion
By jointly considering performance, robustness to feedback error and feedback efficiency, Rel-10 4Tx feedback enhancements are proposed as:

· A precoder W for a subband is an matrix multiplication of the two matrices W2 and W1
· For PUCCH reporting mode: W = W1W2

· C1 is an Hermitian matrix, selected from Table 1
· Rel. 8 4Tx codebook is selected as C2
· CSI mode 1 is the only mode supported for the feedback enhancement in PUCCH
· W1 and W2 are signaled in separate subframe due to the limited capacity in PUCCH.

· Only wideband PMI feedback is supported in PUCCH
· Rel-8 PUCCH mode 1-1 and 2-1can be naturally extended to Rel-10.
· For PUSCH reporting mode: W = W2W1
· W1 is selected from Rel. 8 4Tx codebook 
· W2 is a diagonal unitary matrix, selected from the following matrices
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· Self-contained CSI feedback in PUSCH

· Rel-8 PUSCH mode 1-2,3-1 and 2-2 can be naturally extended to Rel-10.
· New PUSCH mode 3-2 with full subband feedback including subband PMI and subband CQI can be introduced based the performance and UE capability.

· 1 bit indication of subset of C2 can be reported with RI to reduce overhead.
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Appendix 1 Codebook for 
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The proposed codebook for 
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 consists of 64 codewords. Among them, 16 codewords take the form of 
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Such a form (1a) (1b) is motivated from well-known literature such as [4] for ULA transmit antennas. With 16 codewords taking the form of (1a), the parameter 
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The other 48 codewords take the form of 
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where 
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uniformly distributed within [-180, 180] degree
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uniformly distributed within [-180, 180] degree                                       (2b)
It is noted that in (2a), the 1st and 2nd antennas fall into the same polarization while the 3rd and 4th antennas fall into the other polarization.

Such a model is motivated from numerical study of channel characteristics of dual polarized (XPO) transmit antennas, following the same methodology of establishing (1a) and (1b). With 48 codewords taking the form of (2a), the parameter of 
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is taken from the list of [-165:30:165] degrees spanning the desired range uniformly, and the parameter of 
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 is taken from the list of [-135, -45, 45, 135] degrees spanning the desired range uniformly. 
Appendix 2 System level simulation assumption parameters

	Parameter
	Assumption

	Carrier frequency
	2GHz

	ISD
	500 meters

	UE speed
	3 km/hr

	Bandwidth
	10 MHz (50RB)

	Traffic Model
	Full Buffer

	Channel model
	SCM

	Number of UEs per sector
	10

	Polarization
	ULA and XPO (cross-polarized)

	Layer number per UE
	1
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 feedback type
	wideband 
[image: image81.wmf]2
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 feedback

	Max. paired # of UEs
	2

	Scheduler
	Proportional fairness

	Receiver algorithm
	MRC

	HARQ mechanism
	HARQ-CC, Maximum 3 transmission times

	Antenna configuration
	3D antennas

	Number of antennas
	4x2

	Antenna spacing
	0.5 lambda @ eNB and 0.5 lambda @ UE; ULA

0.5 lambda @ eNB and 0.5 lambda @ UE; XPO
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