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1. Introduction

During the past several meetings, there were discussions about UL CQI reporting. A lot of CQI reporting schemes have been proposed, [1]~[8], there was a little discussion on the CQI generation methods [9] [10]. In this contribution, we will focus not on the specific CQI generation scheme, but on the characteristic of CQI in time domain. In the last meeting, based on the observation of CQI in time domain, we propose the efficient reporting method for CQI in order to reduce the transmitted number of CQI bits during given time [13]. This contribution updates more simulation results of the proposed scheme.
2. Separation of CQI into values and index

There are lots of CQI reporting schemes proposed; Best-M [1][2], Bitmap [3], Threshold CQI [4], Hierarchical [3][5], DCT [6], Incremental CQI[7], Harr compressed CQI[8] and etc. All the CQI generation methods give us a method to change the amount of CQI report adaptively by adjusting the frequency resolution of CQI report. 
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<Figure 1-A. Reporting of joint combined CQI values and index>
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<Figure 1-B. Reporting of separated CQI values and CQI index>

On the other hand, some CQI generation methods can further reduce the amount of CQI reports; in this case, CQI can be separated as CQI value to represent a value corresponding to SINR and CQI index to give information on whether CQI values are valid in resource blocks. Then, CQI value and CQI index  can be transmitted with a different reporting period like in Figure 1. For example, if the CQI index can be transmitted slowly than CQI values with marginal loss of performance, then effective transmitted rate of CQI including index and values is lower than the original CQI transmitting rate. 
3. Time domain characteristic of CQI values and index

In order to check the validity of separation of CQI into CQI values and CQI index, we perform system level simulation considering MIMO case. The performance depending on the time domain granularity of CQI in Non-MIMO case has been introduced in several documents like [11]. In this contribution, time domain granularity in 2-tx and 4-tx antenna MIMO case is investigated. On top of that, CQI is separated into values and index. The simulation assumptions are shown in table 1 below.

Table 1. System level simulation assumptions
	System Level Simulation Setup
	Channel
	BW
	5MHz (24RBs)

	
	
	Channel Model
	TU

	
	
	Mobile Speed
	3[km/h] / 15 [km/h]

	
	MIMO
	Antenna 
	2X2 / 4X2

	
	
	Correlation
	0

	
	
	Rank
	Adaptive

	
	
	Precoding
	2Tx/4Tx: as in TS36.211 [12]

	
	AMC
	MCS level
	4bits (16 level)

	
	
	Target FER
	10%

	
	Simulation Environment
	#user/sector
	5 / 30

	
	
	Time & drop
	1000 ms, 100 drops

	UE

Feedback
	CQI generation
	Scheme
	Best-M

	
	
	M
	2

	
	Freq

granularity

[RB]
	CQI
	3 RBs

	
	
	PMI
	6 RBs

	
	
	RI
	24 RBs

	
	Time granularity

[TTI]
	CQI
	Value
	6 TTIs

	
	
	
	Index
	6 / 24 TTIs

	
	
	PMI
	12 / 24 TTIs

	
	
	RI
	24 TTIs


The simulation results are summarized in table 2 & 3 below. From the table 2, we can observe that even if the CQI index reporting period is 4 times larger than the CQI value reporting period, its performance loss can be kept below 4% in both 2-tx and 4-tx antenna cases. This observation is valid irrespective of number of UEs per sector or PMI frequency granularity. In addition, this exemplary configurations shows that the CQI report is saved by up to 19% from 76 bits to 61 bits during 4 times transmission of CQI.
In table 3, it is shown that there is no distinguishable change in performance even if the CQI index reporting period is extended 4 times the short index period. It can be thought of as the result of fast channel variation due to the fast speed; that is, the 6 TTI is not fast enough to track the channel variation with the speed of 15 km/h.

Table 2-A. simulation results in 2x2 MIMO (3km/h)
	PMI
	CQI scheme
	CQI index
	2X2 MIMO

	
	
	
	#user/sector = 5
	#user/sector = 30

	
	
	
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]

	12 TTI
	Full
	-
	1.89
	-
	2.32
	-

	
	Best-2
	6 TTI
	1.83
	3.17%
	2.29
	1.29%

	
	
	24 TTI
	1.82
	3.70%
	2.26
	2.59%

	24 TTI
	Full
	-
	1.87
	-
	2.32
	-

	
	Best-2
	6 TTI
	1.81
	3.21%
	2.28
	1.72%

	
	
	24 TTI
	1.80
	3.74%
	2.25
	3.02%


Table 2-B. simulation results in 4x2 MIMO (3km/h)
	PMI
	CQI scheme
	CQI index
	4X2 MIMO

	
	
	
	#user/sector = 5
	#user/sector = 30

	
	
	
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]

	12 TTI
	Full
	-
	2.19
	-
	2.63
	-

	
	Best-2
	6 TTI
	2.14
	2.28%
	2.59
	1.52%

	
	
	24 TTI
	2.13
	2.74%
	2.54
	3.42%

	24 TTI
	Full
	-
	2.13
	-
	2.59
	-

	
	Best-2
	6 TTI
	2.07
	2.82%
	2.56
	1.16%

	
	
	24 TTI
	2.06
	3.29%
	2.51
	3.09%


Table 3. simulation results in 2x2 MIMO (15km/h)

	PMI
	CQI scheme
	CQI index
	2X2 MIMO

	
	
	
	#user/sector = 5
	#user/sector = 30

	
	
	
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]

	12 TTI
	Full
	-
	1.18
	-
	1.21
	-

	
	Best-2
	6 TTI
	1.18
	0%
	1.22
	-0.8%

	
	
	24 TTI
	1.18
	0%
	1.21
	0%


Table 4. simulation results in 4x2 MIMO (15km/h)

	PMI
	CQI scheme
	CQI index
	4X2 MIMO

	
	
	
	#user/sector = 5
	#user/sector = 30

	
	
	
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]

	12 TTI
	Full
	-
	1.23
	-
	1.24
	-

	
	Best-2
	6 TTI
	1.24
	-0.8%
	1.25
	-0.8%

	
	
	24 TTI
	1.24
	-0.8%
	1.24
	0%


4. Conclusions
In this paper, we proposed the separation of CQI into CQI values and CQI index and investigated the time domain characteristic of CQI values and CQI index especially in MIMO case. From the system level simulation result, we observed the reporting period of CQI index could be much larger than that of the CQI values with marginal loss of performance. Therefore we propose that 
· CQI information is split into CQI values and CQI index
· CQI values and CQI index are separately encoded 
· CQI values and CQI index could be reported with different reporting periods.
(The actual reporting periods is FFS)
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