
3GPP TSG RAN WG1#62bis




 



                                   R1-105134
Xi’an, China, 11th-15th October 2010
Agenda Item:
6.3.2.2
Source:
Huawei, HiSilicon
Title:
Further clarification of PUCCH 2-1 in Rel.10

Document for:
Discussion and decision
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.
In this contribution, the following remaining issues are further discussed and clarified:
· Calculation of the RI/PMI/CQI values when PTI=1
· Contents of Report 3 (the subband report) when PTI=1. This report always contains subband W2 and subband CQI but the FFS issue are listed as these two options
· 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 Extension of Rel.8 PUCCH mode 2-1
In this section, the remaining issues with mode 2-1 are clarified.
2.1 Calculation of the RI/PMI/CQI values when PTI=1
The subband report which includes both subband CQI and subband W2 is supported by the agreed extension of Rel-8 PUCCH Mode 2-1 when PTI is set to 1. A possible timing of wideband and subband reports can be depicted in Fig.1, where the periodicity P=
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 and the RI reporting interval in multiples of 
[image: image2.wmf]p

N

,   M=
[image: image3.wmf]RI

M

are defined as in TS 36.213.  
It should be noted that no W1 is reported when PTI = 1, which has impact on the 8 antenna port feedback operation. It is then obvious that the last reported W1 when PTI = 0 must be assumed for the subsequent reports during which PTI =1.
When PTI =1 is reported, W1 cannot be changed so the RI included in the same report as PTI=1 cannot be arbitrarily selected. Due to the structure of the agreed codebook, rank 1 and 2 uses the same W1; rank 3 and 4 the same W1 etc. And this gives a table of candidate RI to be reported together in Report 1 with PTI when PTI=1, see Table 1 below. 
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


Based on the above observation, we propose for 8 antenna ports the following mechanisms for operation:

· When PTI =1, RI value should be calculated conditioned on last reported W1 and RI with PTI =0.
· When PTI =1, subband W2 and subband CQI values should be calculated conditioned on the last reported W1 when PTI=0 and the last reported RI 
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Fig.1 Two adjacent CSI reports for PTI = 0 and PTI =1
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Fig.2 Subband CQI/W2 report when PTI =1

2.2 Subband CQI and subband W2 report
In report 3 when PTI = 1, the subband position must be specified and two options have been indentified: subband selection indicator or predefined cycling. These are now discussed in turn.
2.2.1 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). As the payload size for PMI is only 4 bits in the PUCCH, we propose 2 bits for subband selection indicator and 2 bits for W2.  Consequently, down-sampling on C2 from 4 bits to 2 bits needs to be applied for both 4Tx and 8Tx if subband selection indicator is reported together with subband CQI and subband W2. 

On the other hand, downsampling 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).  Therefore, 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 [3].
2.2.2 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. 
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 four 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: Subband CQI, 2 bit subband W2 and 2 bit subband label per BP
· 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. 
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 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. 
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 outperform the Reference 
· Option 1 is always worse than the Reference. 
· 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
	PUCCH 2-1
Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	X-Pol 0.5
(xx->+ channel)

	Reference
	2.1435
	0.0708

	
	Option 1
	-
	-

	
	Option 2-BP
	2.1414 (-0.09%)
	0.0712 (0.66%)

	
	Option 2-SB
	1.9743 (-7.89%)
	0.0613 (-12.30%)

	Co-Pol 0.5
(||||->|| channel)
	Reference
	2.8162
	0.0976

	
	Option 1
	-
	-

	
	Option 2-BP
	2.8551 (1.38%)
	0.1014 (3.91%)

	
	Option 2-SB
	2.6591(-5.58%)
	0.0795(-18.53%)

	X-Pol 4.0

(x  x->+ channel)

	Reference
	1.9640
	0.0619

	
	Option 1
	-
	-

	
	Option 2-BP
	1.9505(-0.69%)
	0.0631(1.92%)

	
	Option 2-SB
	1.8073(-7.98%)
	0.0597(-3.44%)


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

	Antenna configuration
	PUCCH 2-1
Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	X-Pol 0.5
(xx->+ channel)

	Reference
	2.0655
	0.0681

	
	Option 1
	-
	-

	
	Option 2-BP
	2.0272(-1.85%)
	0.0658(-3.33%)

	
	Option 2-SB
	1.9207(-7.01%)
	0.0629(-7.67%)

	Co-Pol 0.5
(||||->|| channel)
	Reference
	2.1711
	0.0926

	
	Option 1
	-
	-

	
	Option 2-BP
	2.1403(-1.42%)
	0.0879(-5.12%)

	
	Option 2-SB
	2.0511(-5.53%)
	0.0838(-9.53%)

	X-Pol 4.0

(x  x->+ channel)

	Reference
	1.9281
	0.0617

	
	Option 1
	-
	-

	
	Option 2-BP
	1.8764(-2.68%)
	0.0597(-3.28%)

	
	Option 2-SB
	1.7707(-8.17%)
	0.0569(-7.78%)


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

	Antenna configuration
	PUCCH 2-1
Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	X-Pol 0.5
(xx->+ channel)
	Reference
	3.3799
	0.1139

	
	Option 1
	3.2756(-3.08%)
	0.1134(-0.48%)

	
	Option 2-BP
	3.4007(0.62%)
	0.1162(2.05%)

	
	Option 2-SB
	3.2914(-2.62%)
	0.1136(-0.24%)

	Co-Pol 0.5
(||||->|| channel)
	Reference
	4.0632
	0.1439

	
	Option 1
	3.9989(-1.58%)
	0.1357(-5.70%)

	
	Option 2-BP
	4.0730(0.24%)
	0.1403(-2.53%)

	
	Option 2-SB
	3.9728(-2.22%)
	0.1371(-4.73%)


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

	Antenna configuration
	PUCCH 2-1
Extension
	Cell average SE

(bps/Hz)
	5% Cell edge SE

(bps/Hz)

	X-Pol 0.5
(xx->+ channel)
	Reference
	2.4085
	0.0859

	
	Option 1
	2.3815(-1.12%)
	0.0830(-3.38%)

	
	Option 2-BP
	2.3358(-3.02%)
	0.0837(-2.63%)

	
	Option 2-SB
	2.2393(-7.02%)
	0.0790(-8.09%)

	Co-Pol 0.5
(||||->|| channel)
	Reference
	2.4270
	0.1052

	
	Option 1
	2.3828(-1.82%)
	0.1035(-1.62%)

	
	Option 2-BP
	2.3752(-2.14%)
	0.1039(-1.28%)

	
	Option 2-SB
	2.3194(-4.44%)
	0.1002(-4.75%)


4 Conclusion
In this contribution, the remaining issues for extension of PUCCH reporting modes 2-1 have been discussed. Based on the simulation results and the discussion, we propose the following finalizing details for extension of PUCCH mode 2-1 in Rel.10:
· When PTI =1 is reported, the accompanying RI value should be restricted by the last reported W1 and RI where PTI =0 was indicated.

· When PTI =1, the reported W2 and subband CQI values should be calculated conditioned on the last reported W1 (PTI=0) and the last reported RI (PTI=1).

· 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 should be equal to Rel-8 bandwidth part (BP) bandwidths.
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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 beamfoming 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

	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.
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