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1. Introduction

In this contribution, we evaluate throughput performance with different CQI quantization scheme for SU-MIMO considering bit reduction for multiple codeword case in order to minimize additional CQI overhead compared to non-MIMO case. We discuss the reasonable CQI quantization scheme for SU-MIMO based on the results.
2. CQI reduction scheme for SU-MIMO
Without CQI reduction scheme, 10 bits par subband are required for 2 codeword (CW) transmission using 5 bits for each CW. We denote this (5+5) in following sections.
In this document we investigate CQI reduction by 2 bit par subband, considering related issues described on [1]-[3]. This 2 bit reduction can achieve good balance between performance and signalling overhead as reported in [2]. In this case we have two options namely

i) absolute value for both 2 CWs, and

ii) differential value for 2nd CW.

Hereafter we denote formar as (4+4) and latter as (5+3). Besides, we evaluated Best-M type SINR-based reporting scheme for the simplicity of the simulations, however we would expect the tendency would be almost same for other frequency domain compression [4] or TBS based reporting.

3. Numerical analysis
We evaluated 2×2 and 4×2 antenna configurations using agreed precoding matrices in [5][6], with MMSE receiver. Other CQI related parameters are error-free reporting par 900kHz (5RBs) sub-band with 5ms interval and 2ms delay. PMI (rank) related parameters are error-free reporting par 900kHz (whole BW) with 5ms interval and 2ms delay as well. The other simulation parameters used are listed in appendix part.
Figure 1 shows the results of different number of quantization bits with 2×2 antenna configuration assuming 10 UEs in the sector for uncorrelated typical urban (TU) channel and correlated spatial channel model (SCM-C), respectively. Figure 1 (a) and (c) indicate comparison of the CQI overhead and sector throughput with 3km/h velocity and Figure 1 (b) and (d) indicate those with 15km/h velocity.
In 3km/h velocity, the results indicate (4+4) reporting has a certain performance loss up to 5% compared to that with (5+5), which could be acceptable considering overhead reduction by 13-18%. On the other hand (5+3) has worse performance loss than that of (4+4), namely up to 7% loss compared to (5+5). In 15kmh/h case, we also observe (4+4) achieves better performance than that of (5+3).
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(a) TU: 3km/h                                                                                  (b) TU: 15km/h
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(c) SCM-C: 3km/h                                                                          (d) SCM-C: 15km/h
Figure 1 Throughput of 2×2 configuration
Figure 2 shows results with 4×2 antenna configuration. We observe basically (4+4) achieves better performance than that of (5+3) as well.
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(a) TU: 3km/h                                                                                  (b) TU: 15km/h
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(c) SCM-C: 3km/h                                                                          (d) SCM-C: 15km/h
Figure 2 Throughput of 4×2 configuration
4. Conclusion
In this document, we compared the system throughput performance among different number of quantization bits for CQI reporting on SU-MIMO in order to minimize additional CQI overhead compared to non-MIMO case. According to the system simulation results for both 2×2 and 4×2 antenna configurations, absolute reporting with 4 bits i.e. (4+4) achieves better performance than that of differential reporting of 5 bits absolute value with 3 bits differential values i.e. (5+3). Both have a certain performance loss compared to that with absolute reporting (5+5), which would be acceptable considering overhead reduction by 13-18%. Therefore, we propose to use absolute reporting (4+4) quantization for CQI reporting on SU-MIMO. In this evaluation, we used Best-M type SINR-based reporting scheme for simplicity of the simulations. We should check the effect to other types of the compression 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
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
	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
	10MHz

	Usable sub-carriers
	600

	CP Length 
	Short

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


Table A-3 Scheduling parameters

	Parameter
	Assumption

	CQI reporting method
	Perfect, Best-M individual (M=3,5,7)

	Quantization range
	-3  to + 3 

	Quantization
	SINR based

	Selection metric for selecting Best-M RBs
	Total estimated throughput of two codeowrds. i.e. sum{log2(1+sinr(cw#)}

	Channel estimation
	MMSE

	SINR measurement error
	Applied schemes on [8]

	Useful symbol rate
	71.5%

	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







