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1 Introduction
Extension of Rel.8 PUCCH Mode 2-1 was agreed for Rel-10 in RAN WG1 meeting #62 [1],
· Extension of Rel.8 PUCCH Mode 2-1

· W is determined from 3-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and 1-bit precoder type indication (PTI)

· Report 2: 

· PTI = 0: W1 will be reported 

· PTI = 1: wideband CQI and wideband W2 will be reported 

· Report 3: 

· PTI = 0: wideband CQI and wideband W2 will be reported 

· PTI = 1: subband CQI, subband W2, 

· Transmission of subband selection indicator versus predefined cycling is FFS

· For 2 and 4 tx, PTI is assumed to be set to 1 and is not signalled.
A way forward on further details about PUCCH 2-1 was discussed in RAN WG1 meeting #62bis [2] and supported by 14 companies from chairman notes: 
· PTI is forced to be zero in every nth PTI reports by a parameter n, configured by higher layers. 

· Feedback periodicity ratio between Report 2 and Report 3:
· For PTI = 0, H=M, M is configurable via higher layer signalling

· For PTI=1, H=J*K+1, K is configurable via higher layer signalling

· Report 3 for PTI=1

· Subband size and Bandwidth parts size are the same as in Rel-8

· Cycling through consecutive bandwidth parts in consecutive reports

· Same as in Rel-8

· As a baseline, subband reporting (subband CQI and W2) is based on predefined cycling

· Deterministic sequence of subband index within bandwidth parts

Subband differential CQI with respect to wideband CQI is proposed by some opponents during the discussion about this WF [2]. 

We have presented our views on the remaining issues of PUCCH 2-1 including calculation of the RI/PMI/CQI and contents of report 3 in contribution R1-105134[3]. In this updated version, the following two options for Report 3 (the subband report) when PTI=1 are further discussed and evaluated, especially including differential CQI scheme in Option 1:
· Option 1:
Report 3 includes subband selection indicator
· Option 2:
Report 3 use predefined subband cycling, i.e. does not include a subband selection indicator. The W2 and CQI are reported per subband in increasing order of RB index. 
System level simulation results are provided to facilitate the comparison and selection of the two options for subband reporting. 
2 Subband CQI and subband W2 report

When PTI=1, report 3 always contains subband W2 and subband CQI. The subband position must be specified and two options have been indentified: subband selection indicator or predefined cycling. These are now discussed in turn.
2.1 Option 1: Subband CQI and subband W2 report with subband selection indicator
Similar to PUCCH mode 2-1 in Rel-8, a subband label can be used to explicitly specify the subband position within a bandwidth part (BP). Since 2 bits can be used for subband selection indicator, we have further two possibilities to restrict the size of subband report to at most 11bits
· Option 1-DS: The payload size for CQI maintains as in Rel.8. Down-sampling on C2 from 4 bits to 2 bits needs to be applied for both 4Tx and 8Tx. Since down-sampling on C2 to 2 bits for 4 antenna ports where W1 is fixed to be identity matrix means severe performance degradation (especially for MU-MIMO), this option is only considered further for the 8 antenna port case. An example of codebook subset of C2 for 8 antenna ports by down-sampling is given in Appendix, where the down-sampling principle on C2 is given in [4].
· Option 1-△CQI: The payload size for PMI is still 4 bits. But the payload size for CQI is reduced to be at most 5bits. When RI =1, 4bit CQI can be used for codeword 0. When RI >1, a natural extension is to respectively use 2-bit and 3-bit differential CQI for codeword 0 and codeword 1 with respect to wideband CQI. Note that the spatial differential CQI for codeword 1 with respect to CQI for codeword 0 was used for wideband CQI in PUCCH. To avoid the second order differential and therefore the resulting error propagation, the subband CQI for codeword 0 and codeword 1 should be encoded differentially with respective to wideband CQI for codeword 0 and not their respective wideband CQI. The mapping from the subband differential CQI value to the offset level can reuse the predefined table in Rel.8. Since wideband CQI is reported together with wideband PMI using 11 bits (hence not heavily protected) in subframe previous to subband CQI, the error propagation will be a main concern for this scheme.
2.2 Option 2: Predefined cycling report for subband CQI and subband W2
In this option, Report 3 use predefined subband cycling, i.e. does not include a subband selection indicator. The W2 and CQI are reported per subband in increasing order of RB index. Since the existing subband size in Rel-8 is comparably narrow, it is worth investigating cases with larger subband sizes. This will make cycling through the full bandwidth possible with fewer reports. Therefore, we analyze further two possibilities for subband size:
· Option 2-BP: The subband size is re-defined to be the same as Rel-8 PUCCH reporting mode 2-1 bandwidth part (BP) size in terms of number of RBs. 

· Option 2-SB: The subband size is defined to be the same as Rel-8 PUCCH reporting mode 2-1 subband size in terms of number of RBs.
The very obvious advantage of a predefined cycling report is that no down-sampling on C2 is needed and no error propagation exists between different subframes. 
3 Simulation results 
In this section, system level simulation results for SU-MIMO and dynamic switching SU/MU MIMO for 4 and 8 antenna ports are presented based on different extensions of PUCCH mode 2-1. The following five possible combinations of subband CQI, W2 and subband position indication method were compared:

· Reference: Subband CQI, 4 bit subband W2 and 2 bit subband label per BP
· Option 1-DS: Subband CQI, 2 bit subband W2 and 2 bit subband label per BP
· Option 1-△CQI: 4 bit subband W2 and 2 bit subband label per BP, 4bit subband CQI for codeword 0 when RI = 1 and 2-bit subband CQI for codeword 0 and 3-bit subband CQI for codeword 1 encoded differentially with respect to wideband CQI for codeword 0. The mapping from the 2-bit and 3-bit differential CQI value to the offset level reuse Table 7.2.1-2 and Table 7.2-2 in TS 36.213 v.910.
· Option 2-BP: BP CQI, 4 bit BP W2, BP cycling as in Rel-8
· Option 2-SB: Subband CQI, 4bit subband W2, subband cycling per BP and BP cycling as Rel-8
where the Reference is obviously is too large to fit into PUCCH payload size. The detailed simulation assumption is described in Appendix and it should be noted that non-zero BER of CQI is assumed to take the impact of error propagation on performance into account. 
For 8 antenna ports the codebook subset in Table A.2 were used for subband W2 conditioned on RI. Rank adaptation is based on the Table 1(please refer to RI/PMI/CQI calculation in [3]) when PTI is set to 1. In the successive CSI reports, there are 4 CSI reports associated with PTI = 1 per one CSI reported associated with PTI = 0, i.e., the period of W1 is four times of period of RI. 
Table 1: Candidate RI when PTI = 1, i1 is the index that selects W1

	
	The last reported Rank in Report 1 when PTI = 0

	
	1 or 2
	3 or 4
	5,6 or 7
	8

	
	
	
	i1 = 0
	i1 = 1,2,3
	

	Candidate ranks for 8 antenna ports 
	1,2
	3,4
	5,6,7,8
	5,6,7
	5,6,7,8


The simulation results are given in Table 2~6, and it can be observed that 
· For MU-MIMO, Option 2-BP approaches and even slightly outperforms the Reference. Option 1-DS and Option-△CQI are always worse than the Reference.  
· For SU-MIMO, can Option 1-△CQI be better than other schemes only under strong correlated channel, i.e., co-polarized antenna configuration with 0.5 lambda spacing, which is the case of most rank 1 transmission and no differential CQI but only 4bit CQI for codeword 0.  Its performance will degrade significantly and worse than the other schemes for low correlated scenarios.
· Option 2-SB is worse than Option 2-BP, especially pronounced when the MIMO channel have low correlation
Table 2. 4x2 MU-MIMO Performance Comparison for Different PUCCH 2-1 Extension
	Antenna 
configuration
	Angle

Spread

(degree) 
	PUCCH 2-1

Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	Co-Pol 0.5

(||||->|| channel)
	8
	Reference
	2.7622
	0.0844

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	2.6173(-5.24%)
	0.0667(-21.03%)

	
	
	Option 2-BP
	2.6620(-3.62%)
	0.0785(-6.95%)

	
	
	Option 2-SB
	2.5892(-6.26%)
	0.0797(-5.5872)

	
	15
	Reference
	2.4707
	0.0656

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	2.2454(-9.11%)
	0.0570(-13.15%)

	
	
	Option 2-BP
	2.3785(-3.73%)
	0.0547(-16.64%)

	
	
	Option 2-SB
	2.2850(-7.51%)
	0.0567(-13.57%)

	X-Pol 0.5

(xx->+ channel)
	8
	Reference
	2.2260
	0.0415

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	2.0168(-9.39%)
	0.0382(-7.93%)

	
	
	Option 2-BP
	2.1343(-4.12%)
	0.0380(-8.43%)

	
	
	Option 2-SB
	2.0765(-6.71%)
	0.0394(-5.17%)

	
	15
	Reference
	2.0438
	0.0382

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.8356(-10.18%)
	0.0345(-9.57%)

	
	
	Option 2-BP
	1.9837(-2.94%)
	0.0345(-9.71%)

	
	
	Option 2-SB
	1.9030(-6.89%)
	0.0342(-10.44%)

	X-Pol 4.0

(x  x->+ channel)
	8
	Reference
	1.9345
	0.0176

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.7191(-11.13%)
	    0.0172(-2.26%)

	
	
	Option 2-BP
	1.8540(-4.16%)
	    0.0167(-5.19%)

	
	
	Option 2-SB
	1.8010(-6.90%)
	    0.0170(-3.54%)

	
	15
	Reference
	1.7753
	0.0169

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.6135(-9.11%)
	0.0165(-1.91%)

	
	
	Option 2-BP
	1.7271(-2.71%)
	0.0165(-2.20%)

	
	
	Option 2-SB
	1.6483(-7.15%)
	0.0161(-4.69%)


Table 3. 4x2 SU-MIMO Performance Comparison for Different PUCCH 2-1 Extension
	Antenna 
configuration
	Angle

Spread

(degree) 
	PUCCH 2-1

Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	Co-Pol 0.5

(||||->|| channel)
	8
	Reference
	2.1094
	0.0647

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	2.0416(-3.21%)
	0.0622(-3.84%)

	
	
	Option 2-BP
	1.9892(-5.69%)
	0.0598(-7.63%)

	
	
	Option 2-SB
	1.9710(-6.55%)
	0.0539(-16.66%)

	
	15
	Reference
	2.0397
	0.0521

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.9303(-5.36%)
	0.0494(-5.18%)

	
	
	Option 2-BP
	1.9163(-6.05%)
	0.0482(-7.36%)

	
	
	Option 2-SB
	1.8917(-7.25%)
	0.0480(-7.70%)

	X-Pol 0.5

(xx->+ channel)
	8
	Reference
	2.0203
	0.0344

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.8484(-8.50%)
	0.0346(0.65%)

	
	
	Option 2-BP
	1.9059(-5.66%)
	0.0330(-3.99%)

	
	
	Option 2-SB
	1.8804(-6.92%)
	0.0339(-1.47%)

	
	15
	Reference
	1.9189
	0.0288

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.7223(-10.24%)
	0.0276(-4.41%)

	
	
	Option 2-BP
	1.7893(-6.75%)
	0.0273(-5.51%)

	
	
	Option 2-SB
	1.7564(-8.46%)
	0.0272(-5.66%)

	X-Pol 4.0

(x  x->+ channel)
	8
	Reference
	1.8803
	0.0161

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.6397(-12.79%)
	0.0157(-2.45%)

	
	
	Option 2-BP
	1.7586(-6.47%)
	0.0155(-3.54%)

	
	
	Option 2-SB
	1.7278(-8.11%)
	0.0155(-3.55%)

	
	15
	Reference
	1.7480
	0.0185

	
	
	Option 1-DS
	-
	-

	
	
	Option 1-△CQI
	1.5465(-11.52%)
	0.0172(-6.90%)

	
	
	Option 2-BP
	1.6240(-7.09%)
	0.0170(-7.94%)

	
	
	Option 2-SB
	1.6081(-8.00%)
	0.0160(-13.58%)


Table 4. 8x2 MU-MIMO Performance Comparison for Different PUCCH 2-1 Extension

	Antenna 
configuration
	Angle

Spread

(degree) 
	PUCCH 2-1

Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	Co-Pol 0.5

(||||->|| channel)
	8
	Reference
	3.9400
	0.1151

	
	
	Option 1-DS
	3.8702(-1.77%)
	0.1105(-4.02%)

	
	
	Option 1-△CQI
	3.6556(-7.21%)
	0.1148(-0.31%)

	
	
	Option 2-BP
	3.8882(-1.31%)
	0.1145(-0.56%)

	
	
	Option 2-SB
	3.8370(-2.61%)
	0.1106(-3.98%)

	
	15
	Reference
	3.0894
	0.0796

	
	
	Option 1-DS
	3.0077(-2.64%)
	0.0753(-5.32%)

	
	
	Option 1-△CQI
	2.9351(-4.99%)
	0.0782(-1.79%)

	
	
	Option 2-BP
	3.0875(-0.06%)
	0.0737(-7.37%)

	
	
	Option 2-SB
	3.0187(-2.28%)
	0.0725(-8.85%)

	X-Pol 0.5

(xx->+ channel)
	8
	Reference
	3.2104
	0.0759

	
	
	Option 1-DS
	3.1322(-2.43%)
	0.0737(-2.89%)

	
	
	Option 1-△CQI
	3.0469(-5.09%)
	0.0744(-1.91%)

	
	
	Option 2-BP
	3.2778(2.10%)
	0.0727(-4.14%)

	
	
	Option 2-SB
	3.1608(-1.54%)
	0.0704(-7.27%)

	
	15
	Reference
	2.5485
	0.0459

	
	
	Option 1-DS
	2.4699(-3.08%)
	0.0464(1.10%)

	
	
	Option 1-△CQI
	2.4255(-4.82%)
	0.0443(-3.29%)

	
	
	Option 2-BP
	2.5938(1.77%)
	0.0431(-5.93%)

	
	
	Option 2-SB
	2.4850(-2.49%)
	0.0438(-4.41%)


Table 5. 8x2 SU-MIMO Performance Comparison for Different PUCCH 2-1 Extension

	Antenna 
configuration
	Angle

Spread

(degree) 
	PUCCH 2-1

Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	Co-Pol 0.5

(||||->|| channel)
	8
	Reference
	2.4001
	0.0884

	
	
	Option 1-DS
	2.3930(-0.29%)
	0.0862(-2.50%)

	
	
	Option 1-△CQI
	2.2669(-5.55%)
	0.0892(0.84%)

	
	
	Option 2-BP
	2.3264(-3.07%)
	0.0862(-2.50%)

	
	
	Option 2-SB
	2.2951(-4.37%)
	0.0842(-4.82%)

	
	15
	Reference
	2.2541
	0.0703

	
	
	Option 1-DS
	2.2318(-0.98%)
	0.0657(-6.65%)

	
	
	Option 1-△CQI
	2.1620(-4.08%)
	0.0683(-2.83%)

	
	
	Option 2-BP
	2.2071(-2.08%)
	0.0653(-7.16%)

	
	
	Option 2-SB
	2.1560(-4.35%)
	0.0599(-14.78%)

	X-Pol 0.5

(xx->+ channel)
	8
	Reference
	2.3522
	0.0597

	
	
	Option 1-DS
	2.3346(-0.74%)
	0.0532(-10.89%)

	
	
	Option 1-△CQI
	2.1893(-6.92%)
	0.0547(-8.37%)

	
	
	Option 2-BP
	2.2927(-2.53%)
	0.0507(-15.09%)

	
	
	Option 2-SB
	2.2345(-5.00%)
	0.0461(-22.76%)

	
	15
	Reference
	2.1513
	0.0473

	
	
	Option 1-DS
	2.1311(-0.94%)
	0.0431(-8.87%)

	
	
	Option 1-△CQI
	2.0325(-5.52%)
	0.0449(-5.08%)

	
	
	Option 2-BP
	2.0970(-2.52%)
	0.0432(-8.80%)

	
	
	Option 2-SB
	2.0535(-4.54%)
	0.0421(-11.06%)


4 Conclusion
In this contribution, the two options for Report 3 (the subband report) when PTI=1 in PUCCH 2-1 extension are further discussed and evaluated. Based on the simulation results and the discussion, we propose the following finalizing details for extension of PUCCH mode 2-1 in Rel.10:
· Subband reporting (subband CQI and W2) based on predefined cycling is supported, i.e. no subband indicator label in report 3 when PTI=1. 

· The subband size for subband CQI and subband W2 in report 3 when PTI=1 can be equal to Rel-8 bandwidth part (BP) bandwidths.
· Deterministic sequence of subband index within bandwidth parts can be accepted if performance gain can be shown for specific sequence design.
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6 Appendix A – System level simulation assumptions

Table A.1 Simulation assumption
	Parameter
	Value

	Channel models
	3GPP Case 1 Spatial Channel Model Extended (SCME)

	Central Frequency
	2GHz

	Fading Scenario
	Urban Macro

	Antenna configuration
	4/8 Tx at eNodeB with 0.5 and 4.0 lambda spacing

Co-polarized: Vertically polarized antennas

Cross-polarized: +/- 45 degrees

	
	2/4 Rx at UE with 0.5 lambda spacing

Co-polarized: Vertically polarized antennas

Cross-polarized: +90/0 degrees

	
	ideal antenna calibration
3D antenna pattern, with 15 degrees down-tilt

	Sample density
	15.36M sample/second

	UE Speed
	3km/h

	System Bandwidth
	48RBs

	FFT length
	1024

	Subband size
	6RBs for PUCCH mode 2-1 according to Table 7.2.2-2 in 36.213

	scheduler
	Proportional Fair scheduling in the frequency and time domain. 
Exhaustive search for SU/MU MIMO switching based on PF metric of a single UE or sum of PF of the co-scheduled UEs.
Rank overriding based on CQI

	Number of UEs per cell
	10

	MU-MIMO 

precoding technique
	Zero-forcing beamforming with maximum 4 layers

Up to two layer for each co-scheduled UE

	MCS
	according to transport formats in LTE R8

	Channel estimation
	Realistic

	Receiver
	MMSE receiver

	Hybrid ARQ
	Maximum 4 transmission

	Subband CQI feedback
	according to CQI Table in LTE R8

power adjustment for MU-MIMO

BER for CQI is assumed as 0.95325%

	Feedback Delay
	4ms

	Feedback 
	Under the assumption of SU –MIMO transmission with rank adaptation

CQI measurement error: N(0,1dB) per half-PRB

	
	For PUCCH 2-1: CQI reporting period P = 5ms, Wideband PMI reporting period H = (J*K+1)*P and J = 3, K = 3 and MRI = 1.

	Overhead
	3 symbols for DL CCHs in the 4 normal subframes and 2 symbols for DL CCHs in the 6 MBSFN subframes; one port CRS in the 4 normal subframes and no CRS in the 6 MBSFN subframes; CSI-RS with muting (i.e., 4 REs/PRB/5ms×3 cell for 4 ports); DM-RS with 12 REs (for rank 1) per PRB.


Table A.2 2bit codebook for subband W2 for 8Tx used in simulation 
	RI
	i2

	1
	{0,1,2,3}

	2
	{0,1,12,13}


where i2 is the index that selects W2.









































































