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1. Introduction
We have discussed CQI reporting scheme. Currently, we agree on several points shown below.
1. Wideband CQI report: up to 5 bits (assuming SIMO)
2. Multi-band CQI report: equivalent resolution up to 5 bits per sub-band (assuming SIMO)

3. No more than (approximately) 10 bits in a PUCCH per sub-frame (assuming 1/2 coding rate and QPSK)

Third point above means CQI report may take place in several sub-frames if reporting information consists of more than 10 bits.
Besides, we agreed on CQI channel structure using CAZAC.

In this contribution, we try to select the best CQI reporting scheme. Firstly, we show the signaling overhead and the sector throughput obtained from each proposed scheme. Secondly, we assume a number of UEs which are required CQI reporting and calculate possible reporting period for each scheme considering CQI channel structure. Finally, we compare the throughput with the calculated reporting period and select the best scheme.
2. Evaluation of schemes
2.1. Signaling Overhead

The table 1 shows a number of signaling bits required for one report in each proposed scheme [1-8]. In case of multi value (= multi-band) reporting, a number of signaling bits with differential expression is also shown. We assume a bandwidth of a CQI sub-band is twice as wide as RB, i.e. 360 kHz. The Ncqi denotes a number of CQI sub-bands and the Ncoe denotes a number of DCT (Discrete Cosine Transform) components signaled to the NodeB. The DDC denotes a number of bits used to signal DC component in DCT based scheme.
Note that we assume 5 bits for expressing 1 CQI value and don’t consider additional bits for MIMO operation.
Table 1: Signaling bits of CQI reporting scheme (10 MHz case)
	Schemes
	Signaling bits

	
	General expression (for w/o differential)
	w/o differential
	with differential

	A
	All RBs CQI feedback
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	Best-M individual*1
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	46 (M=5)
	36 (M=5)

	C
	Best-M average*2
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	26 (M=5)
	24 (M=5)

	D
	Hierarchical structure
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	Bitmap*4
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	F
	DCT Lowest*5
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	45 (DDC=5, Ncoe=9)
	31 (DDC=5, Ncoe=9)

	G
	DCT Greatest*6
	
[image: image7.wmf](

)

ú

ú

ú

ù

ê

ê

ê

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

+

-

´

+

1

Ncoe

1

Ncqi

log

1

Ncoe

5

D

2

DC


	59 (DDC=5, Ncoe=8)
	45 (DDC=5, Ncoe=8)

	H
	DCT Partitioning

(8-6-1)
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	60 (N1=8, N2=17, M1=6, M2=1)
	48 (N1=8, N2=17, M1=6, M2=1)

	I
	Time Differential
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*1: CQI values for M numbers of RB are individually reported at one time.

*2: Averaged CQI value of M numbers of RB is reported.
*3: 5 bits are used to express averaged CQI of others.
*4: CQI sub-bands with odd and even indices are reported alternatively. The one bit is added to indicate odd or even.
*5: Ncoe lowest frequency components are reported.
*6: DC component and Ncoe-1 components having greater value are reported.
*7: 5 bits are assumed as absolute CQI for one CQI sub-band and 1 bit is assumed as differential information for each other sub-band.

2.2. Sector Throughput
In this sub-section, we evaluate the sector throughput of several reporting schemes by system simulation. The schemes we evaluate are shown below.
B.    Best-M(=5) individual: M(=5) CQI values are individually reported at one time.
C.    Best-M(=5) average: One CQI value, which averages M(=5) CQI bands, is reported.
E.    Bitmap: Sub-bands with odd and even indices are reported alternatively. The threshold to be included in reporting value is 1.5 dB.
F.    DCT Lowest: The Ncoe lowest frequency components are reported at one time [4, 5]. The incremental reporting way in [5] is not used here.
G.
DCT Greatest: The DC component and the Ncoe-1 components having greater value are reported at one time.
I.    Time differential: Absolute CQI value of one CQI sub-band and each 1 bit relative value of other CQI sub-bands are reported [8].
Basic simulation assumptions are the same as ones in TR25.814 and other assumptions are shown in Annex A.
Figures 1 shows the sector throughput obtained by each scheme with 3 km/h. In the simulation, the restriction with 10 bits per 1 sub-frame is ignored, i.e., we assume that a reporting is completed in 1 sub-frame. Besides, we assume measurement and reporting error. The measurement error is modeled as a Gaussian zero-mean random variable used in [9] (shown in annex B) and the probability of reporting error is assumed 1.0e-3.
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Figure 1: Sector throughput of each reporting scheme with 3 km/h
2.3. Throughput comparison under the restricted reporting period
In the #49bis meeting in Orlando, we agreed on CQI channel structure using CAZAC, i.e., the so-called “structure A”. In this structure, 6 UEs (as a maximum) can be multiplexed in a sub-frame. This limitation impacts on CQI reporting period and the period depends on the reporting scheme. In principle, the scheme which needs larger number of bits is restricted to longer reporting period.
(a) Calculation of possible reporting period

Here, we assume 36 and 60 of UEs reporting CQI and calculate possible reporting period for each scheme. In the table 2, the possible reporting period is shown. The calculation concept is as follows.

[Calculation concept]

· When 2 RUs (both edge) are used as PUCCH, 12 UEs can be multiplexed in a sub-frame.
· Therefore, if the number of UEs is 36, 3 (=36/12) TDMA groups are needed to accommodate all UEs.
· Finally, e.g. as Best-M individual needs 4 (=
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) sub-frames to complete one report, the possible reporting period for one UE is restricted to 12 (=3x4) sub-frames.
Table 2: Possible reporting period of CQI reporting scheme (10 MHz)
	Scheme
	Signaling bits with differential
	# subframes required for one report
	Possible reporting period [ms]

	
	
	
	# UE = 36
	# UE = 60

	Best-M(=5) individual
	36
	4
	12
	20

	Best-M(=5) average
	24
	3
	9
	15

	Bitmap (Th=1.5dB)
	19
	2
	6
	10

	DCT lowest (Ncoe=9)
	31
	4
	12
	20

	DCT greatest (Ncoe=8)
	45
	5
	15
	25

	DCT partitioning (8-6-1)
	48
	5
	15
	25

	Time differential
	29
	3
	9
	15


(b) Throughput comparison
By using possible reporting period calculated above, we extract possible sector throughput from the figure 1. The result is shown in the table 3.
Table 3: Possible sector throughput (10 MHz)
	Scheme
	Possible sector throughput [Mbps]

	
	# UE = 36
	# UE = 60

	Best-M(=5) individual
	12.7
	11.9

	Best-M(=5) average
	12.5
	12.0

	Bitmap (Th=1.5 dB)
	13.1
	12.5

	DCT lowest (Ncoe=9)
	12.5
	11.8

	DCT greatest (Ncoe=8)
	11.8
	11.2

	Time differential
	12.9
	11.7


It should be noted that, in the simulation in the figure 1, the reporting delay due to consumption of multiple sub-frames for one report is not considered (see figure 2).
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Figure 2: Delay due to multiple sub-frames reporting
From the table 3, we can see the bitmap scheme has the best performance.

However, when we consider the fact that the number of UEs reporting CQI may be larger than 60 which we assumed here, we should take notice that the performance of the bitmap scheme drastically degrades at the point of 20 and 30 reporting period in the figure 1. Therefore, the Best-M average scheme is still a strong candidate from the table 3.
We didn’t evaluate the DCT partitioning scheme[10] directly. However, we try to evaluate the scheme by indirect way. According to the figure 2 in [10], the DCT partitioning 8-6-1 has quite similar performance to the DCT greatest-8. We showed the performance of the DCT greatest-8 here and we can see quite similar number of signaling bits and possible reporting period between two schemes from the table 2. Therefore, we here take the possible sector throughput of the DCT greatest-8 as the one of the DCT partitioning 8-6-1. Consequently, the possible sector throughput of DCT partitioning 8-6-1 is 11.8Mbps for 36 UEs and 11.2 Mbps for 60 UEs, respectively.

When we consider these points, either of the bitmap and the Best-M average scheme is the best as CQI multi-band reporting scheme.
3. Conclusion
From the results of the previous section, we think the bitmap or the Best-M average scheme is to be selected. It depends on the number of UEs reporting CQI which scheme is the best. If the number is always small (around 60), we should take the bitmap scheme, otherwise, we should take the Best-M average scheme as CQI multi-band reporting scheme.
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Annex A: Simulation assumption
Table A-1: Simulation Assumption
	Parameters
	Assumption

	Frequency
	2.0 GHz

	ISD
	500 m

	System bandwidth
	10 MHz

	Number of UEs
	10 /sector

	UE speed
	3 km/h

	Channel model
	Typical Urban (6 path)

	Number of Tx antennas at NodeB
	1

	Number of Rx antennas at UE
	2

	MIMO
	No

	Channel estimation
	Ideal

	CQI feedback delay
	2 TTIs (=2.0 msec)

	CQI measurement and reporting error
	· Measurement error: Gaussian zero-mean random variable

· Reporting error: 1.0e-3

	Traffic model
	Generation: constant, Length: constant

	Scheduling
	Proportional Fairness

	Scheduling delay
	1 TTI (=1.0 msec)

	HARQ
	Chase Combining


Table A-2: MCS Level
	MCS number
	Modulation, Coding Rate

	0
	QPSK, 1/8

	1
	QPSK, 1/4

	2
	QPSK, 1/2

	3
	QPSK, 2/3

	4
	16QAM, 1/2

	5
	16QAM, 2/3

	6
	64QAM, 1/2

	7
	64QAM, 3/5

	8
	64QAM, 2/3

	9
	64QAM, 3/4


Annex B: SINR Error model
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Figure B1: SINR Error model (standard deviation)
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