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1. Introduction
In RAN1#62, the following guidelines were agreed in regard of the Rel.10 CSI feedback modes for aperiodic reporting with PUSCH [3] and captured in [1]

 REF _Ref273622195 \r \h 
[2]:
· Natural extension of Rel.8 aperiodic PUSCH CQI modes are supported in Rel.10 (see table)

· FFS support of PUSCH mode 3-2 with subband PMI + subband CQI targeting feedback accuracy improvements for MU/SU in Rel.10.

· PUSCH reporting is self-contained where W1 and W2 are always reported in the same subframe.

· For 2/4Tx, W1 (identity matrix) is not reported. 
· The possibility of reporting multiple CQI, and if possible PMI/RI, (for example one targeting SU-MIMO and the other targeting MU-MIMO) and the frequency granularity of the additional CQI (and if possible PMI/RI) is FFS.

· FFS whether Mode 2-2 is finally supported depending on agreements / details of Mode 3-2

· i.e. mode 2-2 and/or mode 3-2 may finally be supported. 

Further, in RAN1 #62bis, additional details were developed, mainly 

i) Modification of PUSCH Mode 3-2 with codebook sub-sampling for 8Tx [5] to reduce overhead.
ii) PUSCH 3-1 modified with additional of MU-CQI [6]
In this contribution, we discuss further details on Rel-10 PUSCH feedback modes.

2. PUSCH Reporting Modes
Straightforward extensions of Release-8 PUSCH modes 1-2 and 2-2 can be supported for Release-10. Further for 8 Tx, W1 and W2 are included in the same report based on similar practice in Rel-8 for 4Tx. 
Sub-sampling can be used in all PMI reporting modes, but mainly beneficial in sub-band PMI reporting modes (2-2 and 3-2), when optimized. Further, since 3-2 supports both subband CQI and subband PMI, sub-sampling is very useful in limiting overhead. As also discussed in our companion contribution [4], PUSCH 3-2 is shown to perform better than PUSCH 3-1 with MU-CQI report schemes proposed. 
[image: image1.emf]
3. Overhead Analysis

For PUSCH 3-2, the overhead is summarized below

	PUSCH 3-2

	4 bits (Wideband W1)

P x S bits (Subband W2: Sub-sampling size x No. Subbands)

4/8 bits (Wideband CQI)

2S/4S bits (Subband CQI Rank 1/2)

3 bits (Rank)

Total = 8 + PS + 2S (Rank 1)

        = 12 + PS + 4S (Rank 2)

For 9 Subbands (10MHz), and 2/4 bit W2/SB

= 62/44 (For Rank1)

= 84/66 (For Rank 2)


For the case of 9 sub-bands, the overhead increase from 2 bits/SB to 4 bits/SB is 40% for rank 1 and 27% for rank 2.  
4. Codebook Sub-sampling

We consider codebook sub-sampling targeting a W2 codebook size of 2 bits/SB, and consider three different alternatives combining selection and co-phasing of W2 codebook. 
4.1. Rank 1 Sub-sampling

The following three alternatives are studied for rank-1 sub-sampling.

1) Sub-sampling with independent selection and co-phasing (Scheme 1)
	i1
	i2

	[0-15]
	[0 2 8 10]


This corresponds to using e1, e3 and co-phasing values of 1 and -1.

2) Sub-sampling with co-phasing only (Scheme 2)
	i1
	i2

	[0-15]
	[0 1 2 3]


This corresponds to using e1 only and co-phasing values of 1,j,-1, and -j.

3) Joint sub-sampling with selection and co-phasing (Scheme 3)
	i1
	i2

	[1 5 9 13]
	[0 6 9 15]

	[2 6 10 14]
	[1 7 10 12]

	[3 7 11 15]
	[2 4 11 13]

	[4 8 12 16]
	[3 5 8 14]


In this case, the co-phasing set and selection are jointly sub-sampled to make sure that there is at least one entry corresponding to each selection vector and at least one entry corresponding to each co-phasing value. Further, co-phasing φ is selected so that e1 and e3 result in length-8 DFT vectors ex:[e1 φe1]. Remaining co-phasing is assigned to e2, e4. This ensures

i) XPOL configuration obtains the DFT size of 32 for length 4 ULA sub-array.
ii) XPOL configuration obtains the full co-phasing size (as a trade-off with selection flexibility)

iii) ULA configuration obtains the DFT size of 16. Note that the DFT size is limited to 16 for length 8 ULA, since co-phasing is limited to QPSK elements.

4.2. Rank 2 Sub-sampling

For rank 2 sub-sampling, we use the following sub-sampling method retaining the two values of co-phasing and selecting (e1,e1) and (e3,e3)
	i1
	i2

	[0-15]
	[0 1 4 5]


We have observed smaller differences in rank-2 performance by deviating from this sub-sampling.
5. Simulation Results

The results are shown below for 8Tx XPOL and ULA. The MU scheduling is limited to 2 layer MU. Results are shown for PUSCH modes 3-2, 3-1 and 2-2 with the full codebook below. 
5.1. PUSCH 3-2 with sub-sampling

The results are tabulated below for the sub-sampling schemes in the previous section.

	Sub-sampling Scheme
	PUSCH 3-2
SU-MIMO
	PUSCH 3-2
MU-MIMO

	With 4-bit W2 Codebook
	2.90
	0.067
	3.01
	0.081

	With 2-bit W2 Codebook

(Scheme 1)
	2.87
	0.067
	2.98
	0.081

	With 2-bit W2 Codebook

(Scheme 2)
	2.87
	0.067
	2.96
	0.081

	With 2-bit W2 Codebook

(Scheme 3)
	2.87
	0.067
	2.96
	0.080


Table 3 – Sub-sampling Performance, 8 Tx XPOL

	Sub-sampling Scheme
	PUSCH 3-2
SU-MIMO
	PUSCH 3-2
MU-MIMO

	With 4-bit W2 Codebook
	2.37
	0.074
	3.11
	0.085

	With 2-bit W2 Codebook

(Scheme 1)
	2.32
	0.073
	2.72
	0.074

	With 2-bit W2 Codebook

(Scheme 2)
	2.35
	0.071
	3.07
	0.082

	With 2-bit W2 Codebook

(Scheme 3)
	2.37
	0.073
	3.10
	0.084


Table 4 –Sub-sampling performance, 8 Tx ULA 

The following observation can be drawn:

1) Codebook sub-sampling to 2 bits from 4 bits, results in negligible loss in downlink performance. This is expected since the grid-of-beam codebook constructed from the joint 4-bit W1 and 4-bit W2 consist of many overlapping beams. Given the potential 40% savings in CQI overhead, we recommend adopting sub-sampling for W2 codebook to 2 bits. 

2) For XPOL, most schemes have similar performance.

3) For ULA, sub-sampling scheme 2 and 3 perform best and have similar performance. Scheme 3 has slightly better performance.

Proposal:

Adopt sub-sampling of W2 codebook to 2 bits based on joint sub-sampling scheme 3

6. Conclusions
In this contribution, we discussed sub-sampling for PUSCH mode 3-2 for Release-10. The proposal is summarized below
Proposal:

Adopt sub-sampling of W2 codebook to 2 bits based on joint sub-sampling scheme 3
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APPENDIX
	Parameter
	Value

	Channel Model 
	ITU Urban Micro (3kmph)

	Antenna Configuration 
	8 Tx eNB: 0.5  lambda XPOL or ULA;    2 Rx UE: XPOL 

	Deployment 
	FDD, 10 MHz, 19 sites, 3 sectors per site ; 10 UEs per sector 

	Scheduler 
	Proportional fair and frequency selective scheduling; Scheduling granularity of one subframe (dynamic on a subframe basis); Sum proportional fair rate for MU; 

	Link adaptation 
	Non Ideal CQI ; MU CQI  based on eNB prediction. 
Outer Loop Link Adaptation 

	Feedback Impairments (CQI, PMI) 
	Reporting period: 5 ms; Minimum Delay: 5 ms; 

	Overhead 
	Control channel of 3 symbols; RS for 4 as in Release 8 for Control symbols; 12 in Data Symbols 

	Traffic Model 
	Full Buffer 

	MIMO Mode 
	SU-MIMO Rank 1/2, MU 1+1  (Zero-Forcing Precoding)

	Interference Modelling 
	6 Significant interferers (Post beamforming interference considering scheduling and beamforming from these cells); Rest of the interferers modelled as flat fading 

	UE Receiver
	 IC for rank 1. MMSE for rank 2; No inter-cell interference cancellation

	HARQ
	Max 4 retransmissions; Synchronous non-adaptive HARQ (chase combining); 


Table 5 - System Simulation Assumptions
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