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1. Introduction

In this document we compared the system throughput among different rank reporting intervals for SU-MIMO case according to precoding related agreement in [1]. We discuss the reasonable interval for it based on the results.
2. Numerical analysis
2.1. Simulation assumptions
In this document we assume different rank reporting intervals e.g. 5, 10, 20, 50 and 100ms, while fixed precoding reporting interval of 5ms. We also assume 4% of feedback error on rank reporting and/or precoding reporting. We evaluated 2x2 and 4x2 antenna configurations with agreed baseline precoding matrices [1], assuming MMSE receiver. The other simulation parameters used to obtain the results are listed in appendix part.
2.2. Simulation results
Figure 1 and Figure 2 show results of different rank reporting intervals, assuming the numbers of UEs in the sector as 5, 10, 20 and 30, respectively. Figure 1 indicates comparison of the user throughput of CDF 5% and sector throughput with 2x2 antenna configuration and Figure 2 indicates those with 4x2 antenna configuration.
In both antenna configurations, feedback error on rank reporting and/or precoding reporting degrades performance in sector throughput, especially in longer rank reporting intervals. We can also see the results with rank reporting error are worse performance than that of within 20ms rank reporting interval without error. For example, 5ms reporting interval with rank reporting error has 3.1% performance loss compared to that of error-free reporting, while 20ms reporting interval without rank reporting error has 2.4% performance loss and almost similar performance with that of 5ms reporting interval for 2x2 antenna configuration. This indicates rank reporting error has much impact for sector throughput than rank reporting delay if the delay is within 20ms.
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Figure 1 User throughput vs Sector throughput of 2x2 antenna configuration (TU, i.i.d., v=3km/h)
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Figure 2 User throughput vs Sector throughput of 4x2 antenna configuration (TU, i.i.d., v=3km/h)
Table 1 to 5 summarize results for correlated fading environments [4][5] with 10UEs per sector for 3 and 15km/h velocities, respectively. Compared to no spatial correlation cases in Figure 1 and Figure 2, rank reporting error causes larger performance degradation. For example under the scenario with Case2 with 3km/h velocity, 5ms reporting interval with rank reporting error has 6.0% performance loss compared to error-free reporting, while 20ms reporting interval without rank reporting error has 3.0% performance loss and almost similar performance with that of 5ms reporting interval. This is mainly because MMSE receiver achieves worse spatial demultiplexing performance under correlated scenario, when rank2 is applied to the UE due to rank reporting error. In these cases, we also observe the results with rank reporting error are worse performance than that of within 20ms rank reporting interval without error.
Table 1 Results for 2x2 SCM-C (v=3, 15km/h)
	2x2 SCM-C
	error-free
	w/ precoding reporting error
	w/ precoding & rank reporting error

	3km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	2.036
	1.991
	1.990
	1.989
	1.982
	1.975
	1.971
	1.976
	1.978
	1.973
	1.967

	
	5% user throughput [bps/Hz]
	0.067
	0.065
	0.065
	0.065
	0.065
	0.065
	0.065
	0.065
	0.065
	0.065
	0.065

	15km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	1.727 
	1.706 
	1.700 
	1.694 
	1.690 
	1.688 
	1.693 
	1.691 
	1.688 
	1.685 
	1.683 

	
	5% user throughput [bps/Hz]
	0.058 
	0.057 
	0.057 
	0.057 
	0.058 
	0.057 
	0.057 
	0.057 
	0.057 
	0.057 
	0.058 


Table 2 Results for 4x2 Case 1A (v=3, 15km/h)
	4x2 Case 1A
	error-free
	w/ precoding reporting error
	w/ precoding & rank reporting error

	3km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	1.927
	1.853
	1.854
	1.852
	1.846
	1.837
	1.797
	1.803
	1.807
	1.808
	1.804

	
	5% user throughput [bps/Hz]
	0.061
	0.059
	0.059
	0.059
	0.059
	0.059
	0.057
	0.057
	0.057
	0.058
	0.058

	15km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	1.677
	1.640
	1.636
	1.633
	1.628
	1.624
	1.604
	1.602
	1.600
	1.597
	1.597

	
	5% user throughput [bps/Hz]
	0.055
	0.054
	0.054
	0.054
	0.054
	0.054
	0.052
	0.052
	0.053
	0.053
	0.053


Table 3 Results for 4x2 Case 1B (v=3, 15km/h)
	4x2 Case 1B
	error-free
	w/ precoding reporting error
	w/ precoding & rank reporting error

	3km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	2.017
	1.938
	1.938
	1.937
	1.933
	1.925
	1.885
	1.894
	1.898
	1.897
	1.894

	
	5% user throughput [bps/Hz]
	0.065
	0.062
	0.062
	0.062
	0.062
	0.061
	0.060
	0.060
	0.061
	0.061
	0.061

	15km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	1.734
	1.693
	1.690
	1.688
	1.685
	1.682
	1.661
	1.660
	1.659
	1.659
	1.659

	
	5% user throughput [bps/Hz]
	0.056
	0.055
	0.055
	0.055
	0.055
	0.055
	0.054
	0.054
	0.054
	0.054
	0.054


Table 4 Results for 4x2 Case 2 (v=3, 15km/h)
	4x2 Case 2
	Error-free
	w/ precoding reporting error
	w/ precoding & rank reporting error

	3km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	1.767
	1.716
	1.715
	1.714
	1.705
	1.694
	1.662
	1.665
	1.667
	1.664
	1.658

	
	5% user throughput [bps/Hz]
	0.057
	0.055
	0.055
	0.055
	0.055
	0.055
	0.053
	0.054
	0.054
	0.054
	0.054

	15km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	1.585
	1.556
	1.551
	1.545
	1.538
	1.533
	1.517
	1.513
	1.509
	1.505
	1.503

	
	5% user throughput [bps/Hz]
	0.052
	0.052
	0.051
	0.051
	0.052
	0.052
	0.050
	0.050
	0.050
	0.051
	0.051


Table 5 Results for 4x2 Case 3 (v=3, 15km/h)
	4x2 Case 3
	Error-free
	w/ precoding reporting error
	w/ precoding & rank reporting error

	3km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	2.232
	2.136
	2.136
	2.136
	2.135
	2.136
	2.030
	2.033
	2.031
	2.038
	2.046

	
	5% user throughput [bps/Hz]
	0.099
	0.095
	0.095
	0.095
	0.095
	0.095
	0.091
	0.091
	0.091
	0.091
	0.092

	15km/h
	Rank reporting interval [ms]
	5
	5
	10
	20
	50
	100
	5
	10
	20
	50
	100

	
	Sector throughput [bps/Hz]
	2.019
	1.962
	1.963
	1.962
	1.962
	1.962
	1.886
	1.883
	1.882
	1.884
	1.889

	
	5% user throughput [bps/Hz]
	0.089
	0.087
	0.087
	0.086
	0.086
	0.086
	0.083
	0.083
	0.084
	0.084
	0.084


3. Conclusion
In this document we compared the system throughput among different rank reporting intervals for SU-MIMO. The simulation results show relatively long rank reporting interval e.g. 20ms brings negligible performance loss compared to 5ms interval case, while feedback error on rank reporting causes a certain level of performance loss around 1-3%. Therefore, we propose longer reporting interval (e.g. 20ms) for MIMO rank reporting with reliable transmission scheme.
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Appendix

Detailed simulation parameters are listed here.

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

	Channel model
	Uncorrelated channel:

Typical Urban for both 2x2 and 4x2 configurations

Correlated channel:

SCM-C for 2x2 configuration [4]
Case 1A, 1B, 2 and 3 for 4x2 configuration [5]

	UE speed
	3, 15 km/h

	Total BS TX power (Ptotal)
	43dBm(1Antenna) - 5MHz carrier 

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

	HARQ
	Chase combining, Non-adaptive, Asynchronous

	Delay between retransmissions
	3 TTI (3ms)

	Maximum retransmissions
	5

	Target PER
	10%


Table A-2 OFDMA simulation parameters
	Parameter
	Assumption

	TTI duration
	1.0ms

	Transmission BW
	5MHz

	Usable sub-carriers
	300

	CP Length 
	Short

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


Table A-3 Channel model description simulation parameters for 4x2 [5]
	Simulation type
	Antenna configuration
	Antenna distance
	PDP
	SCME for Spatial correlation

	
	
	MS
	BS
	
	

	Case 1A
	ULA
	0.5 λ
	4 λ
	TU
	Suburban macro

	Case 1B
	ULA
	0.5 λ
	10 λ
	TU
	Suburban macro

	Case 2
	ULA
	0.5 λ
	0.5 λ (within)
10 λ (between)
	TU
	Suburban macro

	Case 3
	X-pol
	0
	4 λ
	SCM-A
	Suburban macro


Table A-4 Scheduling parameters

	Parameter
	Assumption

	Resource block/per user
	12 sub-carriers x 14 symbols

	Useful symbol rate
	71.5%

	CQI feedback delay 
	2 TTI (2ms)

	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
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