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1. Introduction

In RAN1#52 meeting, some details on UE Procedures for CQI reporting were agreed [1]. The agreement includes CQI/PMI/RI reporting scheme on periodic wideband PUCCH as follows:
· Agree on the proposal of R1-081116 with the addition of allowing different offsets between RI and CQI/PMI while keeping the period of RI is an integer multiple (including M = 1) of CQI/PMI period. 
· In case of collision between the rank and the wideband CQI/PMI, drop the wideband CQI/PMI.

As proposed in some contributions [2][3], CQI/PMI should be more frequently reported than RI. In this contribution, we discuss RI reporting scheme with M = 1 and 2 and we propose not to have such configurations.
2. Periodic wideband PUCCH report for MIMO
2.1. Value M for RI reporting
Through the discussion with R1-081116, a CQI reporting instance is defined as a subframe where either a RI report or a wideband CQI/PMI is performed. In addition, the value M is defined for the configuration of the CQI reporting instance by the eNodeB, namely RI alone is reported instead of wideband CQI/PMI in every M-th CQI reporting instance, while wideband CQI/PMI is reported in the remaining CQI reporting instances. This configuration enables better reliability for RI than CQI/PMI. This ensures the most recently transmitted RI is used by the UE to calculate the wideband CQI/PMI reported on the reporting instance. Following figure shows an example for configuration of CQI reporting instance.
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Figure 1 Example for M=4 (from R1-081116)
During the discussion on RAN1#52, value M was agreed to include 1. However, we think small values e.g. M = 1 or 2 have some issues. In case of M = 1, the eNodeB requires another PUSCH report to indicate CQI/PMI depending on availability of resources for UL grant and UL-SCH. In case of M = 2, half of the CQI reporting instance is occupied for RI that means less frequent CQI/PMI report. Those might not be an issue if there would be sufficient CQI/PMI/RI reporting related resources for small number of UEs e.g. Home eNodeB scenario. But, that nomadic access case does not require frequent RI report because of almost fixed position of UEs.
2.2. Numerical analysis
In this section, we evaluate the throughput of different M values among 2, 5 and 10 by the system simulations. We assume either 1% or 10% of feedback error for CQI/PMI reporting, while either 0.1% or 1% of feedback error on RI reporting. Those values for CQI/PMI are aligned with block error rate target in [3], and those for RI would be feasible with around 10 times repetition compared to CQI/PMI. We evaluated 4×2 and 2×2 antenna configuration, assuming MMSE receiver. The other simulation parameters used to obtain the results are listed in appendix.

Table 1 shows the results of different M values with 4×2 antenna configuration for uncorrelated typical urban (TU) channel with 10 UEs per sector, assuming the interval between 2 consecutive reporting instances as 2, 5 and 10 ms, respectively. Table 1 indicates comparison of the user throughput of CDF 5% and sector throughput with 15km/h velocity.
According to Table 1, we see the results with M = 2 degrade the throughput around 4 to 15 % compared to that of M = 10.
The other results for both uncorrelated and correlated fading environments are described in appendix. In these cases, we also observe the results with M = 2 degrade the throughput compared to that of M = 10.
Table 1 Results for 4×2 TU i.i.d. (v=15km/h)
	4x2, TU i.i.d., 15km/h
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instances [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.624
	1.582
	1.484
	1.214
	1.200
	1.165

	
	Relative sector throughput vs M=10
	-
	97.4%
	91.4%
	-
	98.8%
	95.9%

	
	5% user throughput [bps/Hz
	0.053
	0.051
	0.048
	0.035
	0.035
	0.034

	
	Relative 5% user throughput vs M=10
	-
	97.4%
	91.3%
	-
	98.6%
	96.9%

	5
	Sector throughput [bps/Hz]
	1.387
	1.333
	1.184
	1.087
	1.049
	0.940

	
	Relative sector throughput vs M=10
	-
	96.1%
	85.3%
	-
	96.5%
	86.5%

	
	5% user throughput [bps/Hz
	0.045
	0.043
	0.038
	0.031
	0.030
	0.027

	
	Relative 5% user throughput vs M=10
	-
	95.4%
	84.2%
	-
	95.2%
	86.5%

	10
	Sector throughput [bps/Hz]
	1.184
	1.152
	1.072
	0.925
	0.899
	0.820

	
	Relative sector throughput vs M=10
	-
	97.3%
	90.5%
	-
	97.2%
	88.6%

	
	5% user throughput [bps/Hz
	0.037
	0.036
	0.034
	0.027
	0.026
	0.023

	
	Relative 5% user throughput vs M=10
	-
	97.2%
	90.1%
	-
	96.0%
	86.9%


3. Conclusion
In this document, we discussed RI reporting scheme.
As shown in section 2, frequent RI reporting over reporting instance of wideband PUCCH brings performance degradation due to infrequent CQI/PMI reporting.
Therefore we propose to remove small values for M e.g. both 1 and 2 on wideband PUCCH report. Following is the text propsoal to 36.213 [5] section 7.2.2.

------------------- Start of text proposal -------------------------

RI and wideband CQI/PMI are not reported in the same subframe (reporting instance):

· The reporting interval of the RI reporting is an integer multiple of wideband CQI/PMI period more than 2. 

· The same or different offsets between RI and wideband CQI/PMI reporting instances can be configured.

· Both the reporting interval and offset are configured by higher layers.  In case of collision of RI and wideband CQI/PMI the wideband CQI/PMI is dropped.
------------------- End of text proposal -------------------------
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Appendix

<Simulation parameters for system level evaluation>

Table A-1 Macro-cell system simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Frequency Reuse
	1

	Carrier Frequency / Bandwidth
	2 GHz

	Antenna configuration
	4x2, 2x2

	Channel model
	Uncorrelated channel:

Typical Urban

Correlated channel:

SCM-C 

	UE speed
	3, 15 km/h

	Total BS TX power (Ptotal)
	46dBm (1Antenna) – 10MHz carrier 

	Macro-diversity
	Users dropped uniformly in a cell of 3R radius 

	HARQ
	Incremental redundancy, Adaptive, Asynchronous

	Delay between retransmissions
	6 TTI (6ms)

	Maximum retransmissions
	5

	Target PER
	10%


Table A-2 OFDMA system simulation parameters
	Parameter
	Assumption

	TTI duration
	1.0ms

	Transmission BW
	10MHz

	Usable sub-carriers
	600

	CP Length 
	Short

	Number of OFDM symbols per sub-frame
	10 (data) + 4 (control+RS) 


Table A-3 Scheduling parameters

	Parameter
	Assumption

	Number of UE per sector
	10

	Subband size
	6RBs (1080kHz)

	Group size
	Equal to subband size

	CQI definition
	wideband CQI described in section 7.2 of [5]

	Interval b/w 2 consecutive reporting instance
	2.0ms, 5.0ms, 10.0ms

	CQI/PMI/RI feedback delay
	2.0 ms

	CQI/PMI feedback error
	1 %, 10%

	CQI measurement error
	with error (R1-071417)

	RI feedback error
	0.1 %, 1%

	Value M for RI reporting
	2, 5, 10

	Scheduler
	Proportional Fair
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Figure A-1 PER curves used for MCS selection and throughput calculation
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Figure A-2 CDF of Geometry

<System level results for 2×2>
Table A-4 Scheduling parameters
	2x2, TU i.i.d, 3kmh
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instance [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.684
	1.683
	1.674
	1.336
	1.333
	1.309

	
	5% user throughput [bps/Hz
	0.054
	0.054
	0.054
	0.040
	0.040
	0.039

	5
	Sector throughput [bps/Hz]
	1.641
	1.636
	1.602
	1.238
	1.238
	1.202

	
	5% user throughput [bps/Hz
	0.053
	0.053
	0.051
	0.037
	0.036
	0.035

	10
	Sector throughput [bps/Hz]
	1.570
	1.548
	1.489
	1.174
	1.163
	1.105

	
	5% user throughput [bps/Hz
	0.051
	0.050
	0.048
	0.035
	0.034
	0.032


Table A-5 Scheduling parameters
	2x2, TU i.i.d, 15kmh
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instance [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.494
	1.458
	1.375
	1.240
	1.223
	1.175

	
	5% user throughput [bps/Hz
	0.049
	0.048
	0.045
	0.038
	0.037
	0.035

	5
	Sector throughput [bps/Hz]
	1.297
	1.256
	1.133
	1.077
	1.044
	0.953

	
	5% user throughput [bps/Hz
	0.043
	0.041
	0.037
	0.032
	0.031
	0.027

	10
	Sector throughput [bps/Hz]
	1.128
	1.105
	1.041
	0.942
	0.915
	0.847

	
	5% user throughput [bps/Hz
	0.037
	0.036
	0.033
	0.028
	0.027
	0.024


Table A-6 Scheduling parameters
	2x2, SCM-C, 3kmh
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instance [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.543
	1.544
	1.538
	1.244
	1.239
	1.221

	
	5% user throughput [bps/Hz
	0.047
	0.047
	0.047
	0.035
	0.035
	0.034

	5
	Sector throughput [bps/Hz]
	1.528
	1.523
	1.504
	1.173
	1.169
	1.138

	
	5% user throughput [bps/Hz
	0.046
	0.046
	0.045
	0.033
	0.033
	0.032

	10
	Sector throughput [bps/Hz]
	1.488
	1.482
	1.461
	1.122
	1.116
	1.083

	
	5% user throughput [bps/Hz
	0.045
	0.044
	0.044
	0.031
	0.031
	0.030


Table A-7 Scheduling parameters
	2x2, SCM-C, 3kmh
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instance [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.526
	1.509
	1.460
	1.232
	1.225
	1.191

	
	5% user throughput [bps/Hz
	0.048
	0.047
	0.046
	0.035
	0.035
	0.034

	5
	Sector throughput [bps/Hz]
	1.385
	1.353
	1.253
	1.104
	1.081
	1.017

	
	5% user throughput [bps/Hz
	0.043
	0.042
	0.038
	0.031
	0.031
	0.028

	10
	Sector throughput [bps/Hz]
	1.234
	1.206
	1.126
	0.997
	0.969
	0.892

	
	5% user throughput [bps/Hz
	0.038
	0.037
	0.035
	0.028
	0.027
	0.025


<System level results for 4×2>
Table A-8 Scheduling parameters
	4x2, TU i.i.d, 3kmh
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instance [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.861
	1.861
	1.857
	1.303
	1.306
	1.293

	
	5% user throughput [bps/Hz]
	0.059
	0.060
	0.059
	0.038
	0.038
	0.037

	5
	Sector throughput [bps/Hz]
	1.821
	1.808
	1.763
	1.259
	1.245
	1.197

	
	5% user throughput [bps/Hz
	0.058
	0.057
	0.055
	0.036
	0.036
	0.034

	10
	Sector throughput [bps/Hz]
	1.725
	1.700
	1.621
	1.175
	1.149
	1.091

	
	5% user throughput [bps/Hz
	0.054
	0.054
	0.051
	0.033
	0.033
	0.031


Table A-9 Scheduling parameters
	4x2, SCM-C, 3kmh
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instance [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.679
	1.680
	1.676
	1.191
	1.190
	1.178

	
	5% user throughput [bps/Hz
	0.051
	0.051
	0.051
	0.033
	0.033
	0.032

	5
	Sector throughput [bps/Hz]
	1.661
	1.654
	1.624
	1.160
	1.150
	1.101

	
	5% user throughput [bps/Hz
	0.050
	0.050
	0.049
	0.032
	0.032
	0.030

	10
	Sector throughput [bps/Hz]
	1.614
	1.606
	1.585
	1.096
	1.088
	1.056

	
	5% user throughput [bps/Hz
	0.049
	0.049
	0.048
	0.030
	0.029
	0.028


Table A-10 Scheduling parameters
	4x2, SCM-C, 15kmh
	Feedback error
	CQI/PMI = 1%, RI = 0.1%
	CQI/PMI = 10%, RI = 1%

	Interval between 2 consecutive reporting instance [ms]
	Value M for RI reporting
	10
	5
	2
	10
	5
	2

	2
	Sector throughput [bps/Hz]
	1.648
	1.628
	1.575
	1.181
	1.177
	1.156

	
	5% user throughput [bps/Hz
	0.051
	0.051
	0.049
	0.033
	0.033
	0.032

	5
	Sector throughput [bps/Hz]
	1.496
	1.451
	1.326
	1.104
	1.071
	0.991

	
	5% user throughput [bps/Hz
	0.046
	0.045
	0.041
	0.031
	0.030
	0.028

	10
	Sector throughput [bps/Hz]
	1.309
	1.274
	1.174
	0.976
	0.946
	0.861

	
	5% user throughput [bps/Hz
	0.040
	0.039
	0.036
	0.027
	0.026
	0.024























