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1. Introduction

In downlink MIMO, the maximum number of codewords is two for one UE so that the total amount of CQI reports in UL could be doubled. To reduce the CQI transmission overhead, it was proposed that one of two CQI reports be represented in a differential type which is called delta CQI [1][2][3]. On top of the delta CQI method, it can be introduced to directly reduce the number of bits of both codewords as in R7 MIMO. In this contribution, we will study the two types of CQI overhead reduction especially in spatial domain, and evaluate the performance with regard to the wide variety of CQI reduction cases.
2. CQI overhead reduction in spatial domain
As two codewords can be used for SU-MIMO in the downlink, the number of bits for CQIs could be two-folded. To reduce the CQI overhead, it is not avoidable to decrease the number of bits allocated for CQIs of codeword. By and large, the reduction methods can be grouped into two methods:
· Imbalanced CQI overhead reduction (Asymmetric CQIs): by introducing the differential methods in the second codewords, such as delta CQI, resulting in the different number of CQI bits for two codewords
· Balanced CQI overhead reduction (Symmetric CQIs): by reducing the number of bits in both codewords by the same amount, resulting in the same number of CQI bits for two codewords
The balance and imbalance are named according to the number of CQI bits in both codewords. Imbalanced reduction method has been introduced in the several documents. [1][2][3] Balanced reduction scheme has been already used in R7 MIMO in which the 4 bit CQIs are used for both codewords while 5 bit CQI is used for single codeword. 

Once the total reduced number of bits for two CQIs is fixed, it can be implemented by both methods. Therefore, in order to find which method is better at the given total number of bits, we investigate the link-level performances of two CQI overhead reduction methods at the various total number of bits.
The general simulation assumptions are shown in table 1. When we employ an SIC receiver, we assume that the first codeword is detected first. In addition, we assume the base CQI for delta CQI method is the CQI for first codeword.
Table 1. Simulation assumptions

	Bandwidth
	5 MHz

	Antenna configuration
	4x4

	Channel model
	TU / PA

	Mobile speed
	3 Km/h

	HARQ
	Off

	CQI delay
	4 sub-frame

	Channel estimation
	Perfect

	Receiver implementation
	MMSE/SIC receiver

	FFT size
	512

	Active sub-carriers
	300

	The other OFDM parameters
	Based on [4]

	MCS
	MCS levels
	Uniform distribution in the dynamic range from SINR 0dB to 17dB

	
	Delta levels
	5bit base CQI
	[18 16 14 12 10 8 6 4 2 0 -2 -4 -6 -8 -10 -12],
[15 12 9 6 3 0 -3 -6],[6 3 0 -3],[6 0], [0]

	
	
	4bit base CQI
	[10 8 6 4 2 0 -2 -4], [4 2 0 -2], [4 0], [0]

	
	Target FER for MCS selection
	0.1 for each codeword

	Frequency scheduling
	Fixed band (3RBs)


We show the performance loss using imbalanced CQI overhead reduction method CQI in figure 1 and 2. The difference between two figures is only the number of bits of base CQI: 4bits in figure1 and 5bits in figure2. Throughout this paper, in (x, y) of the legend, x denotes the number of CQI bits for first codeword and y expresses the second CQI. Figure 1 shows that one less bit (4, 3) causes roughly 2.8% loss and two less bit (4, 2) results in about 8% loss. Figure 2 shows that performance losses are roughly 1.5% in one less bit (5, 4), 2.5% in two less bit (5, 3), and 8.5% in three less bit (5, 2) in the second codeword. These performance losses are measured at SINR 12dB and selected as maximum between MMSE and SIC receiver. The performances in PA channel is very similar to those in TU, they are skipped due to the limitation of space and summarized in the Appendix.
On the other hand, the performance degradation due to the balanced CQI overhead reduction methods shows in the figure 3. In figure 3, performance loss is shown as about 1.5% with one less bit (4,4) in each codeword while loss is approximately 6% with two less bit (3,3) compared with full CQI case (5,5) at SINR 12dB.
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Figure 1. Performance of imbalanced CQI reduction methods with 4 bit base CQI: (a) MMSE and (b) SIC 
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Figure 2. Performance of imbalanced CQI reduction methods with 5 bit base CQI: (a) MMSE and (b) SIC
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Figure 3. Performance of balanced CQI reduction methods: (a) MMSE and (b) SIC 

Up to now, the performances are investigated separately according to the balanced and imbalanced CQI overhead reduction method. For fair comparison, we pickup some configurations from two methods and compare their performances at the given total number of bits. In table 2 and figure 4, their selected configurations and related performance losses are summarized. The performance loss is measured at SINR 12dB.
From figure 4, we can observe that 8 or 7 bits could be sufficient for the total number of bits for two CQIs if we accept the 5% performance loss. It should be also noted that the imbalanced methods could be further optimized to achieve best performance.
Table 2. Configurations of balanced/imbalanced CQI overhead reduction
	Total number of bits for two CQIs
	Bit allocation to two CQIs
	Max performance loss @12dB

	10
	(5,5)
	Baseline

	9
	(5,4)
	1.8%

	8
	(5,3)
	3.0%

	
	(4,4)
	3.8%

	7
	(4,3)
	4.2%

	6
	(3,3)
	6.5%

	
	(4,2)
	8.1%
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Figure 4. Comparison between imbalanced and balanced CQI reduction methods: (a) MMSE and (b) SIC 
3. Conclusions
In this contribution, we investigated the two types of CQI reduction methods: balanced and imbalanced methods. With balanced CQI reduction method, 4 bit CQIs for both codewords seems to be acceptable to maintain the loss below 5%. In the imbalanced CQI reduction methods, delta-CQI, it appears that more than 2 bits are used in the second codeword to keep the loss below 5%. 
In conclusion, taking into consideration both balanced and imbalanced CQI reduction methods, it might be reasonable to choose 7 bits for total number of bits for two CQIs. One of the possible CQI configurations might be (4,3). However, special care should be taken in the fact that the delta level in this simulation was not optimized; the performance of delta CQI could be further optimized. 
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A. Appendix: Performances in ITU Pedestrian A channel
In this appendix, various performances are shown according to the imbalanced and balanced CQI overhead reduction methods. All the simulation assumptions are same as the pictures in the main text except channel. The only difference is the channel is ITU pedestrian A channel.
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Figure A1. Performance of imbalanced CQI reduction methods with 4 bit base CQI: (a) MMSE and (b) SIC 
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Figure A2. Performance of imbalanced CQI reduction methods with 5 bit base CQI: (a) MMSE and (b) SIC 
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Figure A3. Performance of balanced CQI reduction methods: (a) MMSE and (b) SIC 
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Figure A4. Comparison between imbalanced and balanced CQI reduction methods: (a) MMSE and (b) SIC 
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