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1. Introduction
In the RAN1 #50bis meeting, the CQI generic structure has been agreed [1]. CQI can be reported in either  periodic or aperiodic manner as following: 
	
	Periodic
	Aperiodic

	Frequency non-selective
	PUCCH

PUSCH (only when scheduled)
	PUSCH

	Frequency selective
	PUCCH

PUSCH (only when scheduled)
	PUSCH


Of two types of CQI, this contribution concentrates on periodic CQI reporting in PUCCH. It is commonly agreed that the total number of CQI bits in a PUCCH subframe per UE shall not exceed approximately 10 bits assuming QPSK and an approximate code rate of up to 1/2. Taking this limitation into consideration, there is little freedom to choose a CQI scheme for PUCCH. Among many proposed schemes, we will evaluate the two general schemes: best-M average method [2] and cyclic scheme [3]. In addition, we consider a modified best-1 method, one subband update method, which includes the additional step to select the CQI subbands for update. We will compare different CQI reporting methods such as cyclic report, best-M average and one subband update scheme with respect to the throughput performance considering the normalized overhead. 
2. CQI reporting schemes for PUCCH
2.1. Selection of CQI subband to be updated: One subband update 
Bearing in mind the fact that total number of bits for CQI is limited 10 bits for PUCCH, there are small choices of possible CQI schemes like cyclic scheme and best-M average scheme. Cyclic scheme reports full CQI feedback in the way of reporting one CQI value of one subband per report interval while best-M average scheme basically reports the average CQI value of the selected best/top M CQI subbands.
Best-M average report can be compressed compactly so as to be transmitted in one subframe with reduced M value and large RB size of CQI subband. However, the optimal value of M and CQI subband RB size can vary according to the number of UEs in the cell and bandwidth of the system; the M value and RB size for PUCCH may not be matched well to the actual system. 

On the other hand, cyclic scheme reports relatively detailed CQI one by one, which requires multiple subframes to report full channel status. However, long reporting period means it may not adapt effectively the fast-varying channel status. The conventional cyclic scheme is depicted in Figure 1.
In order to overcome the drawbacks of both schemes we consider one subband update scheme. One subband update scheme is similar to best-1 scheme in the sense that only one subband’s CQI is reported. The only difference is that the best-1 is performed only on the subbands whose CQI changes abruptly compared with the previously reported CQI. If a CQI subband was reported in the previous TTI, and the change of CQI has been kept within the given threshold level, the corresponding channel is considered stable and is not included in the possible candidate CQI subbands for CQI update. Once the CQI subband for update is selected, normal best-1 algorithm is applied among the selected CQI subband for update. The exemplary operation of one subband update scheme is illustrated in Figure 2.
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<Figure 1: Cyclic scheme>
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<Figure 2: One Subband Update scheme>
2.2. Overhead comparison between CQI schemes for PUCCH
The table 1 summaries the number of average overhead bits required per TTI in each scheme. The 
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and
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denote the number of selected best/top subbands and the total number of CQI subbands, respectively. We assume 5 bits for 32 entries in the CQI table. 
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 indicates the reporting period of PUCCH. The actual overhead may be different from the table since the further optimization could be done in each CQI reporting scheme.
<Table 1. Overhead bits of CQI reporting schemes>
	Schemes
	Average overhead bits/Subframe

	Cycle through subbands
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	One subband update
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	Best-M average
	
[image: image8.wmf]2

5log/

N

P

M

æö

éù

æö

+

ç÷

êú

ç÷

ç÷

èø

êú

èø




3. Performance evaluation of CQI schemes for PUCCH
We evaluate the performance of each CQI reporting scheme for PUCCH using system level simulation. T he detailed simulation parameters are listed in Table A-1 in the appendix. Throughout the contributions, subband is defined as a set of contiguous k-PRBs that can be configured by Node B. In our simulation, 2, 6 and 24 PRBs have been considered when mobile speed ranges from 3km/h to 15km/h. If subband measurement size k PRB get smaller for the case of cyclic scheme, total 
[image: image9.wmf]NP

´

 subframes are needed to report whole CQI band. So following simulation results show the throughput as a function of average overhead to show fair signaling efficiency.
In the legend of Figure 3, cyclic kRB denotes cyclic scheme whose subband consists of contiguous k-PRBs. Similarly, OSU kRB and BEST M kRB mean that one subband update scheme and best-M method whose subband is a set of contiguous kRB, respectively. 
As shown in Figure 3, overall performance trend of the number of 5 UE is similar to 10 UE.  In case of 3km/h depicted in <Figure3-a-1> and <Figure3-a-1>, cyclic and one subband update scheme show better performance than Best-M average method. But Best-M average scheme shows a constant and moderate performance regardless of overhead, relatively. Cyclic 2RB gives better spectral efficiency than cyclic 24RB in the region of more than 3bits/TTI. This gain comes from frequency domain scheduling of UEs and AMC to maximize throughput. 
In general, it is important to feedback the CQI for the entire system bandwidth with fine frequency granularity. But in a higher mobility environment shown in <Figure3-c-1> and<Figure3-c-2> i.e. over 10km/h, too much detailed frequency granularity would not be conducive to the system throughput since the channel status changes too fast than the reporting period. We can observe that cyclic 24RB seems to get better performance compared to cyclic 2RB. In 10km/h and 15km/h, best-M average shows overall good performance compared to two other schemes. 
Further performance results that has similar trend described above are shown for 20 UE case in the appendix. 
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<Figure3-a-1> Performance in 3km/h and UE5

<Figure3-a-2> Performance in 3km/h and UE10
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<Figure3-b-1> Performance in 10km/h and UE5

<Figure3-b-2> Performance in 10km/h and UE10
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<Figure3-c-1> Performance in 15km/h and UE5

<Figure3-c-2> Performance in 15km/h and UE10

<Figure 3. Performance of CQI schemes: cyclic, one subband update and best-M average 

w.r.t. various CQI subband sizes and number of UEs in 3/10/15km/h>
4. Conclusion

Special care should be taken in choosing a CQI feedback scheme for PUCCH due to the approximate 10 bit limit in PUCCH. In this contribution, Best-M-average method, cyclic scheme and one subband update scheme have been compared when the UE mobility and the number of UE change.  From the simulation results, we can observe:
· For low mobility, cyclic and one subband update scheme show better performance than Best-M average method. But Best-M is still robust with marginal loss. 
· For higher mobility, Best-M average seems to be good compared to two other schemes.
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Appendix

The simulation parameters used in the system level simulation throughout the contribution are listed in the Table A-1. On top of that, the more simulation results for 20 UES per cell are shown in Figure A-1. All the assumption and CQI schemes simulated in Figure A-1 are same in the main document. 
<Table A-1. Simulation assumptions >
	Parameter
	Assumption

	System Bandwidth
	10 MHz

	TTI Length
	1 msec

	FFT size
	1024

	Sampling Frequency
	15.36 MHz

	Occupied Number of Sub-Carriers
	600

	Cell Layout
	Hexagonal Grid, 19 eNode B sites

3 Cells per Site

Center Site Simulation

	Number of UE per Cell
	5 and 10

	Inter-Site Distance
	1732 m

	Antenna Pattern
	70 degree sectored beam

	Distance dependent path loss
	128.1 + 37.6 log10( r ), where r is distance

	eNode B transmission Power
	43 dBm

	Traffic Model
	Full Buffered

	Receiver Antenna Gain
	0 dB

	eNode B Antenna Gain
	14 dBi

	Shadowing standard deviation
	8 dB

	Noise Figure
	9 dB

	Thermal Noise Density
	-174 dBm

	Multi-path delay Profile
	COST 207 TU Channel Model

	Number of Receiver Antennas
	2

	Frequency Reuse
	1

	HARQ type
	Synchronous (Chase combining)

	Channel Propagation

and Process delay
	3 msec

	Mobile Speed
	3 km/h, 10 km/h  and 15 km/h
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<Figure A-1. Performance of CQI schemes: cyclic, one subband update and best-M average 

w.r.t. various CQI subband sizes in 20 UEs in 3/10/15km/h>
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