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1. Introduction

In the RAN #51 meeting, there were some agreements on the types of CQI reporting on PUCCH [1]. Using higher layer signalling, NodeB can configure UE to report several different CQI report types with different periodicity parameters. This includes:
· Wideband CQI on set S

· Frequency-selective CQI type

· Other reporting types FFS

Of above types of CQI report, this contribution concentrates on frequency-selective CQI type on 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 to choose a CQI scheme for PUCCH. Among two alternatives, we will evaluate the general schemes: Best-M average method [3] and cyclic scheme [4]. Best-M average report can be compressed compactly so as to be transmitted in one subframe with small M value and large RB size of CQI subband. However, the optimal value of M and CQI subband RB size can vary according to UE mobility and bandwidth of the system. On the other hand, cyclic scheme reports relatively detailed CQI one by one, which required multiple subframes to report full channel status. However, long reporting period means it may not adapt effectively the fast-varying channel status. We will compare different CQI report methods with respect to the spectral efficiency considering different velocities and bandwidths.  
2. Current working assumptions on freq selective CQI on PUCCH
Based on the agreement in the last meeting [1], the following are should be considered for frequency selective CQI on PUCCH. It should be noted that Best-M denotes Best-M average scheme and Cyclic expresses CQI for each subband for simple notation. 
For the frequency-selective CQI, CQI report in a certain subframe describes the channel quality in a particular part or in particular parts of the bandwidth. The CQI in the current bandwidth part corresponds to either
· Best-M average: 
· Best-M subbands are selected in the current bandwidth part

· 5bit CQI over the selected M subbands is obtained

(Note that 4bit is assumed in this contribution even though the exact number is still under discussion)

· An indicator of selected subbands

· CQI for each subband: 
· Bandwidth part corresponds to one subband
The agreement of frequency selective CQI on PUCCH can be illustrated in Figure 1 below. Whole bandwidth 
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 RBs are grouped into L CQI subband by the units 
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RBs based on the Table 7.2.1-1 in TS 36.213 [2]. That is because the CQI subband size for NodeB configured feedback on PUSCH is agreed to be reused in CQI on PUCCH. 
Once the whole bandwidth is divided into CQI subbands, set S can be decided. To make the comparison simple, we assume set S corresponds to entire bandwidth in this contribution, which means S=L. Then, each consecutive X CQI subbands are mapped to one bandwidth part. Here, 
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consists of the contiguous number of CQI subband. Special care should be taken in the fact that X of cyclic scheme is always 1, while 
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 could be larger than 1 in Best-M scheme. Y denotes the number of bandwidth parts corresponding to the set S. In 
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parts of bandwidth, every CQI is generated by cyclic method or Best-M method.
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Figure 1. Periodic CQI report in PUCCH
3. Overhead of best-M and cyclic scheme on PUCCH
To compare best-M and cyclic scheme fairly, we need some more detailed assumptions for simulations. 
In cyclic scheme, bandwidth part always spans one CQI subband, the vales i.e. 
[image: image7.wmf]k

[RBs] for CQI subband size is automatically decided by the number of bandwidth part. For example, if the entire bandwidth is split into two bandwidth parts, one CQI also spans half bandwidth which means 
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is half of 
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[RBs].
On the other hand, in best-M scheme, given number of bandwidth part, several possibilities exist for 
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[RBs] for CQI subband size and 
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value for best band selection. However, TS36.213 indicates that 
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[RBs] in the Table 7.2.1-1 should be supported in PUCCH. Therefore we assume 
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 and 
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for best-M on PUCCH should be based on the Table 7.2.1-1 which actually is generated for frequency selective CQI on PUSCH. While 
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values can be directly obtained from Table 7.2.1-1, 
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values should be determined. . Given bandwidth and 
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values, 
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is selected as low as possible. To decide exact number of 
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, we need one more assumption for PUCCH transmission. That is, SIMO CQI is assumed to be transmitted in one PUCCH subframe while MIMO CQI in two subbframes. Keeping in mind that maximum number of information size for PUCCH is 10 bits, MIMO CQI is certain not to be transmitted in one PUCCH subframe. If we use sophisticated compression method for MIMO CQI, MIMO CQI may be transmitted in a PUCCH subframe. However that kind of compression method can be applied and have the same effect on both cyclic and best-M so that it is not considered in this contribution. The 
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value decides solely the number of index bits, and the number of bits for CQI values can be deterministically calculated, the room for CQI index is 6 bits for SIMO and 7 bits for MIMO. The calculation is shown in following.
· SIMO: 6bits = 10bits(one PUCCH) – 4 bits(CQI)
· MIMO: 7bits = 20bits(two PUCCH) – 13bits(First codeword 4bits + Second codeword 3bits+ PMI 4bits + RI 2bits)
Based on the calculation above, we have to choose 
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values in order not to be over 6 or 7 bit overhead. The 
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 values should be 1 or 2; the exact values are shown in Table1. For example, if the entire bandwidth is 5MHz(24RBs) and split into two bandwidth parts(one bandwidth part is 12RBs), then the 
[image: image23.wmf]k

 value is determined to be 4 because system bandwidth is 24RBs and 
[image: image24.wmf]M

value is decided to be 2 because bandwidth part spans 12RBs. 
Table 1. M value calculations based on the Table 7.2.1-1 in TS36.213

	System Bandwidth 
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or Part Bandwidth
	Subband Size (k)
	M
	# of index bits

	6 - 7
	(wideband CQI only)
	
	

	8 - 10
	4
	1
	1~2

	11 - 26
	4
	2
	2~5

	27 - 64
	6
	2
	4~6

	64 - 110
	4, 8
	2
	5~9


The considerations of both schemes are summarized in the Table 2 below.
Table 2. Assumption for comparison of for CQI reporting on the PUCCH
	
	Cyclic scheme
	Best-M average scheme

	Restriction
	One bandwidth part is one CQI band 
	Two parts : average CQI value and index 

	Number of bits in one BW part
	SIMO : 4bits

MIMO : 13bits
	SIMO : 4bits + index bits

MIMO : 13bits + index bits

	Number of PUCCH subframes per CQI
	SIMO : one PUCCH subframe

MIMO: two PUCCH subframe
	SIMO : one PUCCH subframe

MIMO: two PUCCH subframe


By the assumption of Table1 and Table 2, the total CQI overhead spanning entire bandwidth can be calculated. For the purpose of fair comparison, overhead is measure by the number of bits per PUCCH subframe. In order to determine average overhead, the PUCCH transmission period 
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is assumed to be 2. More precisely, 
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denotes the periodicity for the subframe pattern allocated to the CQI report in terms of number of subframes. The average overhead is illustrated in Table3. As shown in Table3, cyclic scheme results in less CQI overhead while Best-M average provides much more information than cyclic scheme at the cost of larger overhead on PUCCH.
Table 3. Average overhead for each scheme on the PUCCH when 
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is assumed 2

	Number of BW part (Y)
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=24RBs (5MHz)
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=48RBs (10MHz)

	
	Overhead of Best-M [bits/subframe]
	Overhead of Cyclic   [bits/subframe]
	Overhead of Best-M [bits/subframe]
	Overhead of Cyclic   [bits/subframe]

	
	SIMO
	MIMO
	SIMO
	MIMO
	SIMO
	MIMO
	SIMO
	MIMO

	Y=1
	4
	8.5
	2
	6.5
	4.5
	9
	2
	6.5

	Y=2
	3
	7.5
	2
	6.5
	4
	8.5
	2
	6.5

	Y=3
	2.5
	7
	2
	6.5
	3.5
	8
	2
	6.5

	Y=4
	2.5
	7
	2
	6.5
	3
	7.5
	2
	6.5

	Y=6
	2.5
	7
	2
	6.5
	2.5
	7
	2
	6.5

	Y=8
	
	
	2
	6.5
	2.5
	7
	2
	6.5


4. Performance evaluation of CQI schemes for PUCCH
We evaluate the performance of each CQI reporting scheme for PUCCH using system level simulation. The detailed simulation parameters are listed in Table A-1 in the appendix. Because the number of subframes for PUCCH is 1 for SIMO and 2 for MIMO, the maximum possible number of bits for indicator signaling is 6(10-4) and 7(10
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2-13), respectively. M values of Best-M scheme are decided to keep the limit of 6bits. 
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(a) Performance in 5MHz                       (b) Performance in 10MHz
Figure 2. Performance of CQI schemes: Cyclic and Best-M average in 1x2 SIMO (a) 5MHz and (b) 10MHz
In the legend of Figure 2 and Figure 3, BestM Y1, Np2 denotes Best-M average scheme that consists of one bandwidth part and whose 
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 is two. Similarly, Cyclic Y6, Np2 denotes cyclic method whose bandwidth part consists of 6 CQI subbands and 
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 is two. So Cyclic Y1, Np2 means wideband CQI value that is reported every 2 subframe. 

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 Figure 2 too much detailed frequency granularity, more than Y3, would not be good since the channel status changes too fast than the reporting period. When we divide whole bandwidth into less than three bandwidth parts, Best-M average seems to be good compared to cyclic scheme at the cost of larger overhead although both of two schemes satisfy 10 bits limitation. It should be noted that BestM Y1, Np4 reporting CQI every 4 subframe is still robust for low to moderate UE speeds with less overhead relatively. This simulation trend is clearly represented in Figure 3 for MIMO system.
[image: image36.emf]BandWidth 5MHz, 2x2 MIMO

0.60

0.80

1.00

1.20

1.40

1.60

1.80

0 10 20 30 40

Velocity [km/h]

Spectral Efficiency [bps/Hz]

BESTM Y1,Np2 Cyclic Y1,Np2 BESTM Y3,Np2

Cyclic Y3,Np2 BESTM Y6,Np2 Cyclic Y6,Np2

BESTM Y1,Np4

 [image: image37.emf]BandWidth 10MHz, 2x2 MIMO

0.60

0.80

1.00

1.20

1.40

1.60

1.80

0 10 20 30 40

Velocity [km/h]

Spectral Efficiency [bps/Hz]

BESTM Y1,Np2 Cyclic Y1,Np2 BESTM Y3,Np2

Cyclic Y3,Np2 BESTM Y6,Np2 Cyclic Y6,Np2

BESTM Y1,Np4


(a) Performance in 5MHz                              (b) Performance in 10MHz

Figure 3. Performance of CQI schemes: Cyclic and Best-M average in 2x2 SIMO (a) 5MHz and (b) 10MHz

5. Conclusion

In this contribution, Best-M average method and cyclic scheme have been compared when UE mobility and the bandwidth change. From the simulation results, we can observe:

· Best-M average seems to be good compared to cyclic scheme for low to moderate UE mobility.
· The number of bandwidth part, less than three, is good for performance.
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A. Appendix
The simulation parameters used in the system level simulation are listed in the Table A-1. 
<Table A-1. Simulation assumptions>
	Parameter
	Assumption

	System Bandwidth
	10 MHz , 5MHz

	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

Centre Site Simulation

	Number of UE per Cell
	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
	LTE_ETU

	Antenna Configuration
	SIMO(1x2) and MIMO(2x2)

	Frequency Reuse
	1

	HARQ type
	Asynchronous IR

	Channel propagation and process delay
	3 msec

	Mobile Speed
	3 km/h, 6 km/h, 10 km/h, 15 km/h and 30 km/h
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