

Nov 15-19, 2010

Source:
Motorola
Title:
CSI Reporting Modes and Codebook Sub-sampling on PUCCH   
Agenda Item:
6.3.2.1
Document for:
Discussion/Decision
1. Introduction
In RAN1#62, the following guidelines were agreed in regard of the Rel.10 periodic CSI feedback modes based on PUCCH as captured in [1]

 REF _Ref273622195 \r \h 
[2]:
· Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signaled in the same subframe 

· Extension of Rel.8 PUCCH Mode 2-1 with PTI 
· Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame

Further additional details of PUCCH Mode 2-1 are described in the way forward R1-105808.
In this contribution, we discuss further details on the PUCCH 1-1 extensions, namely CSI Mode 1 and CSI Mode 2 for Rel-10 with 8Tx codebooks. 
Mainly, for both the schemes we also investigate the performance of sub-sampling, which could be beneficial to improve PUCCH coverage, if degradation of downlink performance is not significant. 

2. PUCCH Reporting Modes
2.1. PUCCH 1-1 (CSI Mode 1: Joint RI and W1 encoding)
	8Tx PUCCH 1-1 (CSI Mode 1)
	Report 1
	Report 2

	
	RI+W1

	Wideband W2

Wideband CQI

	Option 1: No sub-sampling of W1/W2
	8 layer: 16+16+4+4+4+4+4+1 = 53 (6 bits)

4 layer: 16+16+4+4 = 40 (6 bits)

2 layer: 16+16 = 32(5bits)
	W2 (4 bits) + CQI (4 bits for RI=1 and 7 bits for RI=2)  

8 bits for rank 1

11 bits for rank 2

	Option 2: Sub-sampling of RI+ W1 to 5 bits

and/or Sub-sampling of W2 to 2 bits
	8 layer: 8+8+4+4+2+2+2+1 = 31 (5 bits)

4 layer: 8+8+4+4 = 24 (5 bits)

2 layer: 8+8 = 16 (4bits)
	W2 (2 bits for Rank 1/2) + CQI (4 bits for RI=1 and 7 bits for RI=2) 
6 bits for rank 1

9 bits for rank 2 


Table 1 –PUCCH 1-1 for 8Tx with Joint Encoding of RI and W1 (CSI Mode 1)
Sub-sampling of W1:

Sub-sampling of RI+W1 to 5 bits can be achieved by selecting non-overlapping beams in W1 for rank 1 and rank 2. Further it is preferable to not sub-sample the rank3/4 W1, while reducing rank 5/6/7 to 2 entries by choosing every other W1. Ranks>4 can be expected to be not sensitive to DFT beam sub-sampling. 
For the most practical case of a two-layer UE, the combined overhead is then only 4 bits. On the other hand, UEs which can support 4-8 layers may also be expected to support the extra capacity on PUCCH. 

Sub-sampling of W2:

Though 11 bit maximum payload supports W2 with no sub-sampling, 8Tx codebook allows sub-sampling with minor degradation in performance, since some PMI information of long-term component is already captured in W1 report. Further, this makes even more sense for wideband precoding. We propose to consider a reduced W2 size of 2 bits. The corresponding sub-sampling codebooks will be described in the next section.

2.2. PUCCH 1-1 (CSI Mode 2: Separate RI reporting)
	Report 1
	Report 2

	R1


	Wideband W1+W2

Wideband CQI

	8 layer: (3 bits)

4 layer: (2 bits)

2 layer: (1 bit)


	If RI=1,  3(W1)+4(W2)+4(CQI1) (No subsampling)
                3(W1)+2(W2)+4(CQI) (with 2 bit subsampling)

If RI=2,  3(W1)+1(W2)+4(CQI1)+3(diff.CQI2)

If RI=3 or 4, 2(W1) + <=2(sub-sampled W2)+ 4(CQI1)+3(diff.CQI2)

If RI > 4, 2(W1)+ 4(CQI1)+3(diff.CQI2)


Table 2 –PUCCH 1-1 for 8Tx with W1 and W2 reported together (CSI Mode 2)
Clearly, in this case more sub-sampling is required to support both W1 and W2 together. For rank 1, we see that no sub-sampling is required to meet the target of maximum 11 bits, by using 7 bits for the combined PMI report. For rank >=2 however, sub-sampling will be needed.  

A recommended sub-sampling table is included below based on codebooks defined in [2]
 for ranks 3-4, followed by additional details for ranks 1 and 2.
	RI
	Codebook Sub-selection
	No. bits

	3
	i1→ [0-3]

i2→ [0,1,2,3]
	4

	4
	i1→ [0-3]

i2→ [0,1,4,5]
	4

	5-8
	i1→ [0-3]

i2→ [0]
	1


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

Sub-sampling with uniform sampling of selection and co-phasing (Scheme 1)

	i1
	i2

	[0 2 4 6 8 10 12 14]
	[0 2 8 10]


This corresponds to using e1, e3 and co-phasing values of 1 and -1.
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Sub-sampling with co-phasing only (Scheme 2)

	i1
	i2

	[0 2 4 6 8 10 12 14]
	[0 1 2 3]


This corresponds to using e1 only and co-phasing values of 1,j,-1, and -j.
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Joint sub-sampling with selection and co-phasing (Scheme 3)

	i1
	i2

	[0 4 8 12]
	[0 6 9 15]

	[2 6 10 14]
	[2 4 11 13]
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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. Remaining co-phasing is assigned to e2, e4 to sample the whole co-phasing space, but do not result in DFT vectors. Note that the current codebook only supports 16 DFT vectors of length 8, due to QPSK co-phasing which are all captured by the overall codebook resulting from this sub-sampling method.  
Since scheme 1 uniformly samples co-phasing and selection, it could perform better for cross-pol. Both schemes 2 and 3 sample the whole co-phasing space, which allows them to support larger DFT sizes for ULA.  Scheme 3 obtains  DFT size of 16 for the ULA as opposed to 8 with scheme 3, which can be expected to give better performance for 8 Tx ULA especially for MU and cell-edge UEs.

2.4. Sub-sampling for Rank 2
2-bit Sub-sampling 

For rank 2 2-bit 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 2 4 6 8 10 12 14]
	[0 1 4 5]


1-bit Sub-sampling

Only co-phasing selection is included in this case and selecting (e1,e1). 

	i1
	i2

	[0 2 4 6 8 10 12 14]
	[0 1]


3. Results

Other simulation assumptions are summarized in the appendix. CSI Mode 1 and Mode 2 are simulated with different sub-sampling as discussed in the previous sections.  W1 is sub-sampled to 3 bits for both modes for ranks 1 and 2. Further, when sub-sampling is used for rank 1 in CSI-Mode 1, 2-bit sub-sampling is used for rank 2 for all schemes as in previous section. For CSI-Mode 2, 1-bit sub-sampling is used for rank 2 in all cases.
	Sub-sampling Scheme
	SU-MIMO
	MU-MIMO

	No sub-sampling
	2.69
	0.051
	2.72
	0.063

	2 bit sub-sampling for rank 1 (Scheme 1)
	2.66
(-1.1%)
	0.049
(-4%)
	2.68
(-1.5%)
	0.060
(-4.7%)

	2 bit sub-sampling for rank 1 (Scheme 2)
	2.66
(-1.1%)
	0.049
(-4%)
	2.63
(-3.3%)
	0.061
(-3.2%)

	2 bit sub-sampling for rank 1 (Scheme 3)
	2.65 

(-1.5%)
	0.049
(-4%)
	2.66 

(-2.3%)
	0.061
(3.2%)


Table 3 – 8Tx XPOL, CSI Mode 1 
	Sub-sampling Scheme
	SU-MIMO
	MU-MIMO

	 No sub-sampling for  rank 1
	2.68
	0.051
	2.67
	0.063

	2 bit sub-sampling for rank 1 (Scheme 1)
	2.65
(-1.1%)
	0.050
(-2%)
	2.67
(0%)
	0.063
(0%)

	2 bit sub-sampling for rank 1 (Scheme 2)
	2.65
(-1.1%)
	0.050
(-2%)
	2.65
(0.8%)
	0.062
(-1.6%)

	2 bit sub-sampling for rank 1 (Scheme 3)
	2.66
(-0.8%)
	0.050
(-2%)
	2.64
(-1.2%)


	0.062
(-1.6%)


Table 4 – 8Tx XPOL, CSI Mode 2

	Sub-sampling Scheme
	SU-MIMO
	MU-MIMO

	No sub-sampling
	2.20
	0.058
	2.88
	0.065

	2 bit sub-sampling for rank 1 (Scheme 1)
	2.14
(-2.7%)
	0.054
(-6.9%)
	2.57
(-10.8%)
	0.053
(-18.5%)

	2 bit sub-sampling for rank 1 (Scheme 2)
	2.15
(-2.2%)
	0.056
(-3.5%)
	2.73
(-5.2%)
	0.063
(-3.1%)

	2 bit sub-sampling for rank 1 (Scheme 3)
	2.16

(-1.8%)
	0.056

(-3.5%)
	2.87

(-0.3%)
	0.064
(-1.5%)


Table 5 – 8Tx ULA, CSI Mode 1 

	Sub-sampling Scheme
	SU-MIMO
	MU-MIMO

	 No sub-sampling for  rank 1
	2.20
	0.061
	2.92
	0.071

	2 bit sub-sampling for rank 1 (Scheme 1)
	2.13
(-3.2%)
	0.056
(-8.2%)
	2.58
(-12%)
	0.057
(-20%)

	2 bit sub-sampling for rank 1 (Scheme 2)
	2.15
(-2.3%)
	0.059
(-3.3%)
	2.76
(-5.5%)
	0.068
(-4.2%)

	2 bit sub-sampling for rank 1 (Scheme 3)
	2.19
(-0.5%)
	0.061
(0%)
	2.90
(-0.7%)


	0.070
(-1.5%)


Table 6 – 8Tx ULA, CSI Mode 2

Following conclusions can be drawn based on these results:

1) For both antenna configurations and CSI modes, the performance loss due to sub-sampling is less than 2% both in cell-edge and cell-average in most cases, if joint sub-sampling based on scheme 3 is used. This makes sense, since even with sub-sampling, up-to 5 bits are used for rank 1 PMI and 5(or 4 for mode 2) bits are used for rank 2 PMI. We can compare this observation with 4Tx where only 4 bits are used even for subband feedback, (with no dual codebook enhancement used) and no new codebook is adopted for Release-10 since gains from additional overhead are found to be small (2-5%). Further given the wideband nature of feedback in PUCCH 1-1, this approximation works extremely well, while saving valuable PUCCH overhead on the uplink, which has system performance implications as a whole. There may be some cases when PUCCH overhead is not an issue, in which case some configurability of sub-sampling used may be useful. But, it would be preferable that eNB must have the ability to reduce W2 overhead as a trade-off.
2) CSI Mode 1 and Mode 2 have similar performance. Mainly we observed that sub-sampling has slightly more loss in mode 1 as opposed to mode 2. One of the reasons could be that given the W1 is fixed until the next rank update, supporting more overhead for W2 has more benefit. However the overall differences are still quite small with and without sub-sampling. 
3) Sub-sampling scheme 1 based on uniform sampling of selection vectors and co-phasing shows good performance in cross-pole but significant degradation for ULA due to sever reduction of DFT space caused by co-phasing sub-sampling. So, we do not recommend this scheme as a possible candidate, especially for ULA.

4) Schemes 2 and 3 both support the whole co-phasing space and show similar performance for cross-pol. However, joint sub-sampling scheme 3 which uses two selection vectors (e1 and e3) and aligns them with correct co-phasing for alternating W1, increases the DFT space to 16 for ULA and this translates into performance gains both for SU-MIMO (3%) and MU-MIMO (5%).Because of the very slight performance degradation in both X-pol and ULA antenna configuration compared to no sub-sampling, sub-sampling according to scheme 3 is recommended..  
Proposal

Adopt 2-bit sub-sampling for PUCCH Mode 1-1. 

· Sub-sampling to < 4 bits for W2 is recommended as follows:
· For CSI Mode 1: 2-bit sub-sampling for both rank 1 and rank 2 
· For CSI Mode 2: 2bit sub-sampling for rank 1and 1bit sub-sampling for rank 2. 
· Joint sub-sampling scheme proposed here is recommended for rank 1 2-bit sub-sampling in both CSI modes considering both XPOL and ULA scenarios, which achieves 16 DFT vectors for both ULA and XPOL, and also obtains full co-phasing sampling for XPOL.

Further consider configurability of sub-sampling scheme which may be beneficial for coverage vs performance optimization at eNB. 
· For CSI Mode 1 configure between 
· Option 1: No sub-sampling for rank 1 and 2

· Option 2: 2 bit sub-sampling for both rank 1 and rank 2.

· For CSI Mode 2, configure between 
· Option 1: 4bit (i.e., no subsampling) for rank 1 and 1bit sub-sampling for rank 2

· Option 2: 2bit sub-sampling for rank 1and 1bit sub-sampling for rank 2
4. Conclusions
In this contribution, we discussed additional details of PUCCH mode 1-1 extended to Release-10 and related sub-sampling issues. Following main conclusions can be drawn based on the discussion and results:

1) For both antenna configurations,and CSI modes, the performance loss due to sub-sampling is less than 2% both in cell-edge and cell-average in most cases, if joint sub-sampling based on scheme 3 is used. This makes sense, since even with sub-sampling, up-to 5 bits are used for rank 1 PMI and 5(or 4 for mode 2) bits are used for rank 2 PMI. We can compare this observation with 4Tx where only 4 bits are used even for subband feedback, (with no dual codebook enhancement used) and no new codebook is adopted for Release-10 since gains from additional overhead are found to be small (2-5%). Further given the wideband nature of feedback in PUCCH 1-1, this approximation works extremely well, while saving valuable PUCCH overhead on the uplink, which has system performance implications as a whole. There may be some cases when PUCCH overhead is not an issue, in which case some configurability of sub-sampling used may be useful. But, it would be preferable that eNB must have the ability to reduce W2 overhead as a trade-off.

2) CSI Mode 1 and Mode 2 have similar performance. Mainly we observed that sub-sampling has slightly more loss in mode 1 as opposed to mode 2. One of the reasons could be that given the W1 is fixed until the next rank update, supporting more overhead for W2 has more benefit. However the overall differences are still quite small with and without sub-sampling. 

3) Sub-sampling scheme 1 based on uniform sampling of selection vectors and co-phasing shows good performance in cross-pole but significant degradation for ULA due to sever reduction of DFT space caused by co-phasing sub-sampling. So, we do not recommend this scheme as a possible candidate, especially for ULA.

4) Schemes 2 and 3 both support the whole co-phasing space and show similar performance for cross-pol. However, joint sub-sampling scheme 3 which uses two selection vectors (e1 and e3) and aligns them with correct co-phasing for alternating W1, increases the DFT space to 16 for ULA and this translates into performance gains both for SU-MIMO (3%) and MU-MIMO (5%).Because of the very slight performance degradation in both X-pol and ULA antenna configuration compared to no sub-sampling, sub-sampling according to scheme 3 is recommended..  

Proposal

Adopt 2-bit sub-sampling for PUCCH Mode 1-1. 

· Sub-sampling to < 4 bits for W2 is recommended as follows:

· For CSI Mode 1: 2-bit sub-sampling for both rank 1 and rank 2 

· For CSI Mode 2: 2bit sub-sampling for rank 1and 1bit sub-sampling for rank 2. 

· Joint sub-sampling scheme proposed here is recommended for rank 1 2-bit sub-sampling in both CSI modes considering both XPOL and ULA scenarios, which achieves 16 DFT vectors for both ULA and XPOL, and also obtains full co-phasing sampling for XPOL.

Further consider configurability of sub-sampling scheme which may be beneficial for coverage vs performance optimization at eNB. 

· For CSI Mode 1 configure between 

· Option 1: No sub-sampling for rank 1 and 2

· Option 2: 2 bit sub-sampling for both rank 1 and rank 2.

· For CSI Mode 2, configure between 

· Option 1: 4bit (i.e., no subsampling) for rank 1 and 1bit sub-sampling for rank 2

· Option 2: 2bit sub-sampling for rank 1and 1bit sub-sampling for rank 2
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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; 

RI+W1 for CSI Mode 1 and  RI for CSI Mode 2 are reported every 100ms.

	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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