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1. Introduction
It has been shown that E-UTRA can achieve the targeted 3-4x increase in downlink spectral efficiency by the use of multi-input, multi-output (MIMO) techniques. Specifically, the use of rank and link adaptation, in combination with MIMO precoding, helps to achieve the spectral efficiency target. However, while devising MIMO techniques to increase the downlink throughput, it is also necessary to maintain a low feedback overhead on the uplink. The UE feeds back the following quantities to enable frequency domain scheduling and link adaptation. 

· The preferred transmission rank: This is either 1 or 2 for 2 x 2 deployments and can be any of {1, 2, 3, 4} for 4 x 4 deployments.

· Pre-coder selection : The index of the pre-coder from a fixed codebook is fed back. The codebook depends on the selected transmission rank. For ranks 3 and 4, coding is done across groups of virtual antennas so as to restrict the number of codewords to two. 
· Channel quality indicator (CQI), giving the effective SNR for each codeword. For rank-1 transmission, only one CQI needs to be fed back. For other ranks, two CQIs are fed back. To enable multi-user MIMO, two CQIs might be fed back even for rank-1. However, this contributed focuses on single-user performance.
This document focuses on CQI quantization for the case where two CQIs need to be fed back. Given the correlation between two CQIs, it is natural to use a differential quantizer which quantizes first CQI (base CQI) and then the difference to the other CQI (delta CQI). To accurately span the range of SINR, the base CQI is quantized with 5 bits.  The delta CQI can be quantized with fewer bits. Specifically, this contribution examines 3, 2 and 1 bit precision for the delta CQI. The impact of the precision on downlink system throughput is studied for two transmitter architectures: per-antenna rate control (PARC) and selective virtual antenna permutation (S-VAP) [1-4]. It is shown that S-VAP offers no throughput gain for 3-bit delta CQI quantization and only around 2% gain for 1-bit delta CQI quantization. This finding is in line with the link level results presented in the companion contribution [7].  
This contribution is organized as follows: Section 2 describes the quantization scheme and presents system simulation results for two node-B antennas comparing PARC and S-VAP.  Section 3 presents simulation results for four node-B antennas with per-group rate control (PGRC). Section 4 summarizes our conclusions.
2. System Simulation Results For Two Node-B Antennas
As mentioned in the introduction, CQI feedback is done in a two-stage process. The base CQI is quantized with 5-bit precision in the range [-7, 24] dB. The delta CQI is quantized with a smaller precision. The range of the quantization for different precisions and transmitter architectures is discussed in [7]. Note that the quantization for S-VAP is one-sided because the layer permutation structure guarantees that the second layer’s CQI is greater than the first. 
With the above quantizers, system level simulations were run for PARC & S-VAP. No enhanced pre-coding is used for the results in Table 2. Simulation assumptions are tabulated in Table A-1 in the Appendix. The results are tabulated in Table 2. 
	SIMULATION SCENARIO
	BANDWIDTH
	AVERAGE SECTOR THROUGHPUT (Mbps)

	
	
	UNQUANTIZED
	3-BIT DELTA
	2-BIT DELTA
	1-BIT DELTA

	
	
	PARC
	S-VAP
	PARC
	S-VAP
	PARC
	S-VAP
	PARC
	S-VAP

	URBAN MACRO
	2.5 MHz
	8.08
	8.03
	7.64
	7.48
	7.53
	7.58
	7.36
	7.58

	
	5 MHz
	14.93
	14.96
	14.68
	14.38
	14.24
	14.39
	13.95
	14.22

	URBAN MICRO
	2.5 MHz
	8.95
	8.90
	8.51
	8.55
	8.45
	8.45
	8.27
	8.40

	
	5 MHz
	17.43
	17.34
	16.72
	16.83
	16.46
	16.77
	16.15
	16.42


Table 2 : Average Sector Throughput For Various Quantizer Precisions For PARC & S-VAP With SIC Decoding
For convenience, the average quantization losses are tabulated in Table 3 for PARC & S-VAP. 
	Precision of CQI Difference
	Average Loss From Unquantized PARC Throughput

	
	PARC
	S-VAP

	3-bit
	4.0%
	4.7%

	2-bit
	5.6%
	4.8%

	1-bit
	7.6%
	5.7%


Table 3 : Average Quantization Loss For Various Quantizer Precisions For PARC & S-VAP With SIC Decoding
From Table 3, it is clear that S-VAP suffers a slight performance loss with respect to PARC for the cases of unquantized and 3-bit delta feedback. However, for 2- and 1-bit quantization of the delta CQI, it does offer about 1-2% better performance than PARC.

3. System Simulation Results For Four Node-B Antennas
In this section, we present system simulation results for four Node-B antennas. Per-group rate control (PGRC) was used as the baseline transmitter. S-VAP for four antennas was not simulated due to lack of time. Table 5 presents the average sector throughput for PGRC [10] with different delta CQI precisions. 
	SIMULATION SCENARIO
	BANDWIDTH
	AVERAGE SECTOR THROUGHPUT (Mbps)

	
	
	UNQUANTIZED
	3-BIT DELTA
	2-BIT DELTA
	1-BIT DELTA

	URBAN MACRO
	2.5 MHz
	13.16
	12.89
	12.64
	12.36

	
	5 MHz
	24.75
	23.86
	23.83
	23.49

	URBAN MICRO
	2.5 MHz
	14.95
	14.49
	14.43
	14.21

	
	5 MHz
	28.54
	28.08
	27.71
	27.11


Table 5 : Average Sector Throughput For Various Quantizer Precisions For PGRC 
For convenience, the average quantization losses are tabulated in Table 6. 

	Precision of CQI Difference
	Average Loss From Unquantized PGRC Throughput

	3-bit
	1.9%

	2-bit
	2.8%

	1-bit
	4.6%


Table 6 : Average Quantization Loss For Various Quantizer Precisions For PGRC With & Without 1-bit Precoding
As seen from Table 6, the quantization loss for PGRC is about 2% with a 3-bit delta CQI and 4.6% with a 1-bit delta CQI. 

4. Conclusions
This contribution presented system simulation results to study the impact of CQI quantizer precision on DL throughput. In particular, the 2x2 per-antenna rate control (PARC) and selective virtual antenna permutation (S-VAP) are compared with the same CQI overhead. For both schemes, one 5-bit base CQI and one delta CQI are used. It was found that: 

· With 1-bit delta CQI, the difference in performance between PARC and S-VAP is less than 2%. 

· With a 3-bit delta CQI feedback, S-VAP performs about the same as PARC. 

This comparison assumes no enhanced pre-coding. Hence, for the same CQI overhead we see no significant performance gain of introducing layer permutation in terms of system level throughput. 
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Appendix I

Table A-1 gives the system level simulation assumptions.

	PARAMETER
	VALUES

	Number of sectors per cell
	3 sectors, with either two or four 120-degree antennas per sector

	Number of UEs per cell
	15 UEs

	UE Speed
	3 kmph

	Traffic Model
	Full-buffer

	Channel scenario
	1. SCM Urban Macro

2. SCM Urban Micro

	System Bandwidth
	2.5 / 5 MHz

	OFDMA FFT Length
	256 / 512

	 Resource Block Bandwidth
	180 kHz 

	Modulation Schemes
	QPSK r = 1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 TTIs

	Scheduling Criterion
	Proportional Fair

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3

	Scheduling
	Single-user MIMO (one UE per RB). Same MCS used for one codeword across RBs

	MIMO Decoder
	SIC


TABLE A-1: System Level Simulation Assumptions
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