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1. Introduction

In RAN1#46bis meeting in Seoul, the maximum number of codewords for downlink MIMO was decided to be two for one UE. Therefore, total number of CQI reports could be two so as to increase twofold CQI overhead. To reduce the CQI transmission overhead, it was proposed that one of two CQI reports be represented in a differential type [1][2][3][4]. In this contribution, we study the distribution of CQI in each codeword for various receiver implementations and the impact of CQI reduction on the performance. 
2. Differential CQI reporting in spatial domain
In this contribution, we consider the following differential CQI reporting scheme in spatial domain. 
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, where CQICW1 is the index of CQI of the codeword 1 and CQICW2 is the index of CQI of codeword 2. Instead of transmission of CQICW1 and CQICW2, CQIbase and CQIdelta are transmitted with a reduced number of bits in a differential CQI reporting scheme. 

At first, we investigate the distribution of the index of CQIdelta for two receiver implementations: MMSE and SIC. The simulation assumptions are shown in table 1. When we employ an SIC receiver, we assume that the first codeword is detected first.
Table 1. Simulation assumptions

	Bandwidth
	5 MHz

	MCS levels (16 levels)
	QPSK: 0.33, 0.42, 0.51, 0.61, 0.71
16QAM: 0.41, 0.48, 0.55, 0.63, 0.70, 0.78
64QAM: 0.56, 0.62, 0.68, 0.74, 0.80

	Target FER for MCS selection
	0.1 for each codeword

	Antenna configuration
	4x4

	Channel model
	TU

	Mobile speed
	3 Km/h

	HARQ
	On/Chase combining

	Maximum number of transmissions
	4

	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 [5]


We show the distribution of the index of CQIdelta in figure 1. When we assume an MMSE receiver, the distribution of index of CQIdelta is symmetric to 0 and CQIdelta spans reduced range compared with that of full CQI. The index of CQIdelta is in the range of [-4, 4] with probability of 95 %. When we assume an SIC receiver, the distribution of index of CQIdelta is moved to positive direction in high SNR. However, CQIdelta still spans reduced range compared with that of full CQI. The index of CQIdelta is in the range of [-2, 8] with probability of 95 %. Therefore, with receiver implementation fixed, we can represent CQIdelta with less number of bits than that of full CQI.
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Figure 1. The distribution of the index of CQIdelta. (a) MMSE receiver and (b) SIC receiver.
On the other hand, if we want to support various types of receiver with a single range of CQIdelta, CQIdelta should span much wider range than that of specific receiver implementation. In this case, one of simple methods is to increase the granularity of CQIdelta to reduce the number of bits for CQIdelta. 
We investigate the impact of increased granularity on the performance. In table 2, we show examples of CQIdelta with different number of levels. The levels for CQIdelta are chosen to cover most of the range spanned by both MMSE and SIC receiver. Note that these example levels for CQIdelta are just for simulation. 
Table 2. Example levels of index of CQIdelta.

	Number of levels for CQIdelta
	Example levels for CQIdelta
	Comment

	Full
	-
	Separate representation of CQICW1 and CQICW2

	8
	[-4 -2 0 2 4 6 8 10]
	

	4
	[-2 0 2 4]
	

	2
	[0 4]
	

	1
	[0]
	CQICW1 = CQICW2
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Figure 2. Single user throughput of differential CQI reporting scheme: (a) MMSE and (b) SIC receiver.

 As shown in figure 2, the performance degradation is very small compared with that without a differential CQI reporting scheme if we set a moderate number of levels for differential CQI. From observation in figure 2, it is enough to represent CQIdelta with 8 or 4 levels. It is shown that the increasing granularity has much impact on SIC receiver rather than MMSE receiver.
3. Conclusions
In this contribution, we investigate the differential CQI reporting scheme to reduce overhead. With receiver implementation fixed, differential CQI reporting scheme has benefit since CQIdelta spans narrower range than CQIbase, and CQIdelta can be represented using the reduced number of bits. Even if we support various types of receiver at the same time, differential reporting scheme has also benefit from our simulation result. However, further investigation for optimization may be necessary.
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