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1. Introduction

The general structure of precoding related feedback signaling was agreed at the St. Louis meeting [1]. Target quality for CQI reporting on LTE control signalling was discussed at the Malta meeting [2]. We showed benefit of longer reporting interval (e.g. 20ms) for MIMO rank reporting with reliable transmission scheme [3].

In this contribution, we show further evaluation results considering working assumptions for CQI feedback [4].
2. UE feedbacks for SU-MIMO
In order to support SU-MIMO, some feedbacks are needed in addition to those for single stream transmission, namely a) rank indicator, b) precoding matrix indicator (PMI), c) CQI to support up to 2 codewords and d) Ack/Nack to support up to 2 codewords [5]. Among them required bits for b) and c) depends on the corresponding contents of a). For example, considering 2×2 configuration there are two cases for rank selection. 
· Rank 1

· CQI: same amount of bits as single stream transmission

· PMI: 3bits per 

· order of 5 adjucent RBs or

· whole or subset of RBs
· Rank 2

· CQI: increased by 60-100% compared to single stream transmission [6]
· PMI: 2 bits per

· order of 5 adjacent RBs or

· whole or subset of RBs
Accordingly, total amount of feedback bits for each case is quite different. In this case blind detection for them has much impact on complexity of eNode B reception. Then, as proposed in [5] separate encoding among rank and PMI/CQI is beneficial. In this case, we can also use different reporting interval for those two, considering that longer reporting interval for rank than PMI/CQI brings better performance.
3. Numerical analysis
3.1. System simulation results
We compare different rank reporting intervals e.g. 5, 20, and 100ms, while fixed precoding reporting interval of 5ms. Aligned to discussed CQI block error rate target [2], 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). Using system simulator we evaluated 2×2 antenna configuration with agreed precoding matrices [1], assuming MMSE receiver. The other simulation parameters used to obtain the results are listed in appendix part.
Figure 1 shows the results of different rank reporting intervals with 2×2 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 1% PMI error with 3km/h velocity.
According to Figure 1, we can see the results with reporting interval within 20 ms bring no significant performance loss compared to that of 5ms. This indicates 1% of rank reporting error has much impact for sector throughput than rank reporting delay if the delay is small, e.g. within 20ms. 

Table 1 summarizes results with 10UEs per sector for uncorrelated fading environments. The other results for correlated fading environments are described in appendix part.
In these cases, we also observe the results with reporting interval within 20ms bring no significant performance loss compared to that of 5ms.
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Figure 1 User throughput vs Sector throughput of 2×2 antenna configuration 

(PIM reporting interval = 5ms, PMI error = 1%, TU, i.i.d., v=3km/h)
Table 1 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]
	1.934 
	1.947 
	1.927 
	2.000 
	1.993 
	1.962 
	2.007 
	1.998 
	1.966 
	2.098 
	2.092 
	2.063 
	2.106 
	2.097 
	2.066 

	
	5% user throughput [bps/Hz]
	0.067 
	0.068 
	0.068 
	0.069 
	0.069 
	0.069 
	0.069 
	0.069 
	0.069 
	0.072 
	0.072 
	0.073 
	0.073 
	0.073 
	0.073 

	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]
	1.393 
	1.396 
	1.405 
	1.420 
	1.411 
	1.417 
	1.423 
	1.413 
	1.419 
	1.449 
	1.442 
	1.449 
	1.452 
	1.443 
	1.450 

	
	5% user throughput [bps/Hz]
	0.048 
	0.049 
	0.050 
	0.049 
	0.049 
	0.050 
	0.049 
	0.050 
	0.050 
	0.050 
	0.051 
	0.051 
	0.050 
	0.051 
	0.051 


3.2. Link simulation results
We also evaluated 2×2 antenna configuration using link simulator assuming almost similar parameters to system evaluation listed in appendix part.
According to Figure 2 (a) and (b) we can see the results with reporting interval within 20ms bring no significant performance loss compared to that of 5ms for both 3 and 15 km/h velocities as well as system evaluation results.
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(a) 3km/h                                                                                     (b) 15km/h
Figure 2 Throughput of 2×2 configuration
4. Conclusion
In this document, we compared the system throughput performance among different rank reporting intervals for SU-MIMO. According to the system simulation results 20ms rank reporting interval brings negligible performance loss compared to 5ms interval case. On the other hand 10% of feedback error on rank reporting causes a certain level of performance loss. We can see similar tendency of rank reporting interval from link level results as well. Accordingly, we propose longer reporting interval (e.g. 20ms) for MIMO rank reporting with reliable transmission scheme, which can avoid blind detection for PMI/CQI decoding. The reliable transmission is possible by the higher layer signalling e.g. MAC or RRC, which is protected by HARQ.
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Appendix

<Simulation parameters for system level evaluation>

Detailed simulation parameters for system level evaluation 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

	Antenna configuration
	2x2

	Channel model
	Uncorrelated channel:

Typical Urban
Correlated channel:

SCM-C 

	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
	6 TTI (6ms)

	Maximum retransmissions
	5

	Target PER
	10%


Table A-2 OFDMA system 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 Scheduling parameters

	Parameter
	Assumption

	Scheduling granularity
	900 kHz bandwidth (5RBs)

60 sub-carriers x 14 symbols

	Useful symbol rate
	71.5%

	CQI feedback delay 
	5 TTI (5ms)

	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 correlated fading environments >

Table A-4 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]
	1.820 
	1.838 
	1.828 
	1.879 
	1.879 
	1.859 
	1.886 
	1.883 
	1.863 
	1.979 
	1.979 
	1.961 
	1.986 
	1.983 
	1.964 

	
	5% user throughput [bps/Hz]
	0.061 
	0.062 
	0.062 
	0.063 
	0.063 
	0.063 
	0.063 
	0.063 
	0.063 
	0.066 
	0.067 
	0.066 
	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]
	1.436 
	1.442 
	1.446 
	1.467 
	1.460 
	1.460 
	1.470 
	1.462 
	1.461 
	1.504 
	1.498 
	1.498 
	1.508 
	1.500 
	1.500 

	
	5% user throughput [bps/Hz]
	0.049 
	0.049 
	0.050 
	0.050 
	0.050 
	0.050 
	0.050 
	0.050 
	0.050 
	0.051 
	0.051 
	0.052 
	0.051 
	0.051 
	0.051 


<Simulation parameters for link level evaluation>

Detailed simulation parameters for link level evaluation are listed here.

Table A-5 Link simulation assumptions
	Transmission BW
	10MHz

	Slot duration 
	0.5 ms

	Sub-frame duration
	1.0 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	RB size
	12 sub-carriers

	Number of RBs used
	5 (60 sub-carriers)

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per slot
	7

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	20 levels

[QPSK, R=1/8] [QPSK, R=1/5] [QPSK, R=1/4] [QPSK, R=1/3]

[QPSK, R=2/5] [QPSK, R=1/2] [QPSK, R=3/5] 

[16QAM, R=7/20] [16QAM, R=2/5] [16QAM, R=1/2] 

[16QAM, R=3/5] [16QAM, R=2/3]

[64QAM, R=1/2] [64QAM, R=11/20] [64QAM, R=3/5]

[64QAM, R=2/3] [64QAM, R=7/10] [64QAM, R=3/4]
[64QAM, R=4/5] [64QAM, R=5/6]

	Number of antennas
	2x2

	Channel environments
	TU with Kronecker extension

	Channel estimation
	MMSE channel estimation

	Pilot and signaling overhead
	28.5% (14.3% for pilot and 14.2% for signaling)

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting delay
	5 ms delay without feedback error

	Rank reporting delay
	5 / 10 / 20 / 50 / 100 ms

	Frequency scheduling
	Sub-band (continuous 5RBs) bases RR

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same RBs with a period of 6ms)
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