3GPP TSG RAN WG1 Meeting #49

R1-072085
Kobe, Japan, May 7 – 11, 2007
Source:
Panasonic

Title:
Evaluation of slow rank adaptation
Agenda Item:
7.10.1
Document for:
Discussion and Decision
1. Introduction

The general structure of precoding related feedback signaling has been agreed at the St. Louis meeting [2]. Based on the assumption we presented that slow and reliable rank reporting for SU-MIMO achieves better performance of sector throughput [1].

In this contribution, we show evaluation results according to agreed working assumption on target quality for CQI reporting (e.g. 1% and 10%) on LTE control signaling [4].
2. Numerical analysis
2.1. Simulation assumptions
In this document we assume different rank reporting intervals e.g. 5, 20, and 100ms, while fixed precoding reporting interval of 5ms. Aligned to CQI block error rate target [4], we assume either 1% or 10% of feedback error in addition to error free feedback on rank reporting, while either 1% or 10% of feedback error for precoding reporting (PMI error). We evaluated 2×2, 4×2 and 4×4 antenna configurations with precoding matrices proposed in [5], 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 with 4×2 antenna configuration for uncorrelated typical urban (TU) channel, assuming the numbers of UEs in the sector as 5, 10 and 20, respectively. Figure 1 indicates comparison of the user throughput of CDF 5% and sector throughput assuming 10% PMI error with 3km/h velocity and Figure 2 indicates those with 1% PMI error.
In 10% PMI error case, the results indicate 10% rank reporting error are worse than that of within 100ms rank reporting interval with 1% error or error-free rank reporting. The results with reporting interval within 20ms bring no significant performance loss compared to that of 5ms. This indicates 10% of rank reporting error has much impact for sector throughput than rank reporting delay if the delay is small, e.g. within 20ms. 
In 1% PMI error case, rank reporting error also indicates more loss than the loss from the delay up to 20ms. 
The results with 2×2 and 4×4 antenna configurations for uncorrelated TU channel assuming 10 UEs in the sector are described in appendix part, 4×2 with 15km/h velocity as well. These cases also show rank reporting error indicates more loss than the loss from the delay up to 20ms.
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Figure 1 User throughput vs Sector throughput of 4×2 antenna configuration 
(PMI error = 10%, TU, i.i.d., v=3km/h)
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Figure 2 User throughput vs Sector throughput of 4×2 antenna configuration 
(PMI error = 1%, TU, i.i.d., v=3km/h)
Table 1 to 3 summarize results for correlated fading environments [1][8] with 10UEs per sector for 3 and 15km/h velocities, respectively. The other results with 4×2 and 4×4 antenna configurations for correlated fading environments are described in appendix part.
In these cases, we also observe the results with 10% of rank reporting error are worse than that of rank reporting with 1% error with around 20ms reporting interval.
Table 1 Results for 2×2 SCM-C (v=3, 15km/h)
	2x2 SCM-C
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

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

	
	Sector throughput [bps/Hz]
	1.847
	1.868
	1.868 
	1.910 
	1.911
	1.903
	1.917 
	1.915 
	1.908 
	2.011
	2.012
	1.995 
	2.018 
	2.016 
	1.998 

	
	5% user throughput [bps/Hz]
	0.061
	0.062
	0.063 
	0.063 
	0.063
	0.063
	0.064 
	0.063 
	0.064 
	0.067
	0.067
	0.067 
	0.067 
	0.067 
	0.067 

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

	
	Sector throughput [bps/Hz]
	1.624
	1.630
	1.630 
	1.664 
	1.655
	1.650
	1.668 
	1.658 
	1.653 
	1.714
	1.704
	1.698 
	1.717 
	1.706 
	1.701 

	
	5% user throughput [bps/Hz]
	0.055
	0.056
	0.056 
	0.056 
	0.056
	0.056
	0.056 
	0.056 
	0.056 
	0.058
	0.058
	0.058 
	0.058 
	0.058 
	0.058 


Table 2 Results for 4×2 Case 3 (v=3, 15km/h)
	4x2 Case 3
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	1.876 
	1.876 
	1.832 
	2.006 
	2.004 
	1.978 
	2.020 
	2.018 
	1.994 
	2.168 
	2.168 
	2.140 
	2.186 
	2.183 
	2.158 

	
	5% user throughput [bps/Hz]
	0.059 
	0.058 
	0.058 
	0.063 
	0.063 
	0.063 
	0.063 
	0.063 
	0.063 
	0.068 
	0.068 
	0.068 
	0.068 
	0.069 
	0.068 

	15

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

	
	Sector throughput [bps/Hz]
	1.712 
	1.694 
	1.673 
	1.805 
	1.790 
	1.779 
	1.816 
	1.800 
	1.791 
	1.910 
	1.892 
	1.882 
	1.921 
	1.904 
	1.894 

	
	5% user throughput [bps/Hz]
	0.055 
	0.054 
	0.054 
	0.057 
	0.058 
	0.058 
	0.058 
	0.058 
	0.058 
	0.061 
	0.061 
	0.061 
	0.061 
	0.061 
	0.062 


Table 3 Results for 4×4 Case 4 (v=3, 15km/h)
	4x4 Case 4
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	2.701 
	2.718 
	2.700 
	2.833 
	2.834 
	2.815 
	2.848 
	2.847 
	2.827 
	3.002 
	3.005 
	2.984 
	3.020 
	3.019 
	2.999 

	
	5% user throughput [bps/Hz]
	0.076 
	0.076 
	0.076 
	0.080 
	0.080 
	0.079 
	0.080 
	0.080 
	0.079 
	0.085 
	0.084 
	0.084 
	0.085 
	0.085 
	0.084 

	15

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

	
	Sector throughput [bps/Hz]
	2.442 
	2.441 
	2.435 
	2.537 
	2.524 
	2.516 
	2.547 
	2.533 
	2.526 
	2.644 
	2.630 
	2.623 
	2.656 
	2.641 
	2.632 

	
	5% user throughput [bps/Hz]
	0.069 
	0.069 
	0.069 
	0.072 
	0.071 
	0.070 
	0.072 
	0.071 
	0.071 
	0.075 
	0.074 
	0.074 
	0.075 
	0.074 
	0.074 


3. Conclusion
In this document we compared the system throughput among different rank reporting intervals for SU-MIMO. The simulation results show 20ms rank reporting interval brings negligible performance loss compared to 5ms interval case, while 10% of feedback error on rank reporting causes a certain level of performance loss. Therefore, we propose longer reporting interval (e.g. 20ms) for MIMO rank reporting with reliable transmission scheme. In order to achieve reliable transmission, we can use higher layer signalling such as MAC or RRC because it is protected by HARQ.
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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 2x2, 4x2 and 4x4 configurations

Correlated channel:

SCM-C for 2tx configuration [8]
Case 1A, 1B, 2, 3 and 4 for 4tx configurations [9]

	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 4tx [1]
	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

	Case 4
	X-pol
	2 λ
	10 λ
	SCM-C
	Urban macro


Table A-4 Scheduling parameters

	Parameter
	Assumption

	Scheduling granularity
	900 kHz bandwidth (5RBs)

60 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

* results for uncorrelated channel
Table A-5 Results for 2×2 TU i.i.d. (v=3, 15km/h)
	2x2 TU i.i.d.
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	1.977 
	1.996 
	1.988 
	2.048 
	2.045 
	2.029 
	2.056 
	2.051 
	2.033 
	2.151 
	2.147 
	2.116 
	2.159 
	2.151 
	2.119 

	
	5% user throughput [bps/Hz]
	0.068 
	0.069 
	0.069 
	0.070 
	0.070 
	0.070 
	0.070 
	0.070 
	0.070 
	0.074 
	0.074 
	0.074 
	0.074 
	0.074 
	0.074 

	15

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

	
	Sector throughput [bps/Hz]
	1.657 
	1.661 
	1.663 
	1.695 
	1.686 
	1.682 
	1.699 
	1.688 
	1.684 
	1.734 
	1.726 
	1.726 
	1.739 
	1.728 
	1.727 

	
	5% user throughput [bps/Hz]
	0.057 
	0.058 
	0.058 
	0.058 
	0.059 
	0.059 
	0.058 
	0.059 
	0.059 
	0.060 
	0.060 
	0.060 
	0.060 
	0.060 
	0.060 


Table A-6 Results for 4×2 TU i.i.d. (v=15km/h)
	4x2 TU i.i.d.
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	15

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

	
	Sector throughput [bps/Hz]
	1.729 
	1.725 
	1.720 
	1.805 
	1.803 
	1.806 
	1.814 
	1.811 
	1.815 
	1.891 
	1.888 
	1.891 
	1.901 
	1.897 
	1.901 

	
	5% user throughput [bps/Hz]
	0.057 
	0.057 
	0.057 
	0.059 
	0.059 
	0.059 
	0.059 
	0.060 
	0.060 
	0.062 
	0.062 
	0.062 
	0.063 
	0.063 
	0.063 


Table A-7 Results for 4×4 TU i.i.d. (v=3, 15km/h)
	4x4 TU i.i.d.
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	3.088 
	3.106 
	3.082 
	3.236 
	3.232 
	3.209 
	3.254 
	3.247 
	3.223 
	3.416 
	3.412 
	3.386 
	3.435 
	3.428 
	3.402 

	
	5% user throughput [bps/Hz]
	0.097 
	0.097 
	0.095 
	0.101 
	0.101 
	0.098 
	0.102 
	0.102 
	0.099 
	0.107 
	0.107 
	0.104 
	0.108 
	0.107 
	0.104 

	15

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

	
	Sector throughput [bps/Hz]
	2.662 
	2.665 
	2.661 
	2.755 
	2.743 
	2.739 
	2.765 
	2.752 
	2.747 
	2.847 
	2.835 
	2.831 
	2.859 
	2.844 
	2.840 

	
	5% user throughput [bps/Hz]
	0.084 
	0.083 
	0.082 
	0.087 
	0.085 
	0.085 
	0.087 
	0.086 
	0.086 
	0.090 
	0.088 
	0.088 
	0.090 
	0.089 
	0.088 


* results for correlated 4×2 channel

Table A-8 Results for 4×2 Case 1A & 1B (v=3, 15km/h)
	4x2 

Case 1A
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	1.801 
	1.809 
	1.776 
	1.937 
	1.938 
	1.925 
	1.953 
	1.952 
	1.940 
	2.095 
	2.095 
	2.081 
	2.113 
	2.112 
	2.100 

	
	5% user throughput [bps/Hz]
	0.060 
	0.061 
	0.060 
	0.065 
	0.065 
	0.065 
	0.066 
	0.066 
	0.066 
	0.071 
	0.071 
	0.071 
	0.072 
	0.071 
	0.071 

	15

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

	
	Sector throughput [bps/Hz]
	1.651 
	1.642 
	1.625 
	1.747 
	1.740 
	1.734 
	1.758 
	1.751 
	1.746 
	1.845 
	1.839 
	1.832 
	1.858 
	1.851 
	1.845 

	
	5% user throughput [bps/Hz]
	0.057 
	0.056 
	0.056 
	0.060 
	0.060 
	0.060 
	0.060 
	0.060 
	0.060 
	0.063 
	0.063 
	0.063 
	0.063 
	0.064 
	0.064 

	4x2 

Case 1B
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	1.826 
	1.833 
	1.805 
	1.957 
	1.958 
	1.947 
	1.973 
	1.972 
	1.963 
	2.116 
	2.118 
	2.105 
	2.135 
	2.133 
	2.123 

	
	5% user throughput [bps/Hz]
	0.061 
	0.061 
	0.061 
	0.065 
	0.065 
	0.065 
	0.066 
	0.066 
	0.066 
	0.070 
	0.071 
	0.070 
	0.071 
	0.071 
	0.071 

	15

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

	
	Sector throughput [bps/Hz]
	1.642 
	1.636 
	1.620 
	1.732 
	1.728 
	1.723 
	1.742 
	1.737 
	1.734 
	1.828 
	1.823 
	1.818 
	1.839 
	1.834 
	1.830 

	
	5% user throughput [bps/Hz]
	0.055 
	0.055 
	0.055 
	0.058 
	0.058 
	0.058 
	0.058 
	0.058 
	0.058 
	0.061 
	0.061 
	0.061 
	0.062 
	0.062 
	0.062 


Table A-10 Results for 4×2 Case 2 (v=3, 15km/h)
	4x2 

Case 2
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	1.905 
	1.901 
	1.833 
	2.079 
	2.077 
	2.057 
	2.099 
	2.097 
	2.083 
	2.255 
	2.254 
	2.233 
	2.278 
	2.276 
	2.261 

	
	5% user throughput [bps/Hz]
	0.066 
	0.066 
	0.064 
	0.072 
	0.072 
	0.071 
	0.073 
	0.072 
	0.072 
	0.078 
	0.078 
	0.078 
	0.079 
	0.079 
	0.079 

	15

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

	
	Sector throughput [bps/Hz]
	1.754 
	1.736 
	1.692 
	1.883 
	1.874 
	1.864 
	1.898 
	1.889 
	1.883 
	2.004 
	1.995 
	1.985 
	2.021 
	2.012 
	2.005 

	
	5% user throughput [bps/Hz]
	0.061 
	0.061 
	0.060 
	0.066 
	0.066 
	0.066 
	0.067 
	0.066 
	0.066 
	0.070 
	0.070 
	0.070 
	0.071 
	0.071 
	0.071 


* results for correlated 4×4 channel
Table A-11 Results for 4×4 Case 1A & 1B (v=3, 15km/h)
	4x4 

Case 1A
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	2.552 
	2.569 
	2.560 
	2.695 
	2.696 
	2.685 
	2.712 
	2.711 
	2.699 
	2.874 
	2.876 
	2.863 
	2.894 
	2.894 
	2.879 

	
	5% user throughput [bps/Hz]
	0.080 
	0.080 
	0.080 
	0.085 
	0.084 
	0.084 
	0.085 
	0.085 
	0.085 
	0.090 
	0.090 
	0.090 
	0.091 
	0.091 
	0.090 

	15

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

	
	Sector throughput [bps/Hz]
	2.387 
	2.393 
	2.386 
	2.502 
	2.494 
	2.483 
	2.516 
	2.506 
	2.494 
	2.628 
	2.620 
	2.606 
	2.644 
	2.633 
	2.618 

	
	5% user throughput [bps/Hz]
	0.076 
	0.077 
	0.077 
	0.080 
	0.080 
	0.080 
	0.081 
	0.081 
	0.080 
	0.085 
	0.085 
	0.084 
	0.085 
	0.085 
	0.085 

	4x4 

Case 1B
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	2.643 
	2.662 
	2.651 
	2.780 
	2.781 
	2.771 
	2.796 
	2.795 
	2.783 
	2.953 
	2.955 
	2.943 
	2.972 
	2.970 
	2.958 

	
	5% user throughput [bps/Hz]
	0.081 
	0.082 
	0.081 
	0.085 
	0.085 
	0.085 
	0.085 
	0.086 
	0.085 
	0.091 
	0.091 
	0.090 
	0.091 
	0.091 
	0.091 

	15

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

	
	Sector throughput [bps/Hz]
	2.432 
	2.440 
	2.434 
	2.537 
	2.531 
	2.522 
	2.550 
	2.541 
	2.532 
	2.655 
	2.647 
	2.637 
	2.669 
	2.659 
	2.648 

	
	5% user throughput [bps/Hz]
	0.075 
	0.075 
	0.075 
	0.078 
	0.078 
	0.077 
	0.079 
	0.078 
	0.078 
	0.082 
	0.082 
	0.081 
	0.082 
	0.082 
	0.082 


Table A-13 Results for 4×4 Case 2 (v=3, 15km/h)
	4x4 

Case 2
	PMI error
	10%
	1%

	
	Rank error
	10%
	1%
	error-free
	1%
	error-free

	3

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

	
	Sector throughput [bps/Hz]
	2.567 
	2.571 
	2.549 
	2.752 
	2.754 
	2.745 
	2.775 
	2.774 
	2.765 
	2.967 
	2.967 
	2.955 
	2.993 
	2.992 
	2.982 

	
	5% user throughput [bps/Hz]
	0.087 
	0.088 
	0.087 
	0.094 
	0.094 
	0.094 
	0.095 
	0.094 
	0.095 
	0.102 
	0.102 
	0.101 
	0.102 
	0.102 
	0.102 

	15

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

	
	Sector throughput [bps/Hz]
	2.426 
	2.428 
	2.416 
	2.584 
	2.579 
	2.570 
	2.602 
	2.598 
	2.588 
	2.748 
	2.743 
	2.729 
	2.769 
	2.763 
	2.753 

	
	5% user throughput [bps/Hz]
	0.083 
	0.083 
	0.082 
	0.088 
	0.088 
	0.088 
	0.089 
	0.089 
	0.088 
	0.094 
	0.094 
	0.094 
	0.095 
	0.094 
	0.094 
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