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1. Introduction
In the TR25.814[1], various kinds of CQI feedback schemes to reduce signaling overhead are listed in the section 7.1.3.1.1.1.1 “Channel Quality Indicator”. Such techniques are very important for efficient spectrum usage on uplink. However, it is also important to keep downlink throughput degradation small due to poor feedback information. These are opposed targets so that we may need compromise somewhere. In this contribution, we compare several CQI feedback schemes from both the signaling overhead reduction and the system throughput points of view. From these results, we try to choose the feedback scheme having a good balance.
2. Evaluation of schemes
2.1. Signaling Overhead

In contributions[2-4], several CQI feedback schemes and a number of signaling bits of each scheme are summarized. We pick some of them up and review them in the following table. In this review work, we assume a size of CQI band is the same as a size of RB, i.e. 375 kHz. Nrb is denoted a number of RB.
Note that we assume 5 bits for expressing 1 CQI value and don’t consider additional bits for MIMO operation. For the Top-M, we referred to an equation in [4] for calculation of signaling bits because it provides smaller overhead.
Table 1: Signaling bits of CQI feedback scheme
	Schemes
	Signaling bits

	
	General expression
	10 MHz case
	20 MHz case

	A
	All RBs CQI feedback
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	Top-M individual*1
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	C
	Top-M average*2
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	D
	Hierarchical structure
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	E
	Bitmap
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*1: M CQI values are individually reported at one time.

*2: Averaged value of M CQI bands is reported.
*3: 5 bits are used to express averaged CQI of others.
As shown in the table 1, the schemes C and D are very interesting. The scheme E is also interesting in case of 10 MHz bandwidth. However, these schemes basically report only one CQI value at one report. Therefore, they impact on scheduling as already written in [2 (table 3)].
2.2. Sector Throughput
In this sub-section, we evaluate the sector throughput of several feedback schemes by system simulation. The schemes we evaluate are shown below.
A. All RBs CQI feedback: This is investigated as a reference case
B. Top-M(=5) individual: M(=5) CQI values are individually reported at one time.
C. Top-M(=5) average: One CQI value, which averages M CQI bands, is reported. This can be considered as special case of Bitmap.
Basic simulation assumptions are the same as ones in TR25.814 and other assumptions are shown in Annex A.
Figure 1 shows the sector throughput obtained by scheme A with several feedback intervals. According to the figure 1, throughput degradation begins with 30 TTIs interval. The degradation compared to 1 TTI interval is 2.75 %. Figure 2 shows the sector throughput by schemes B and C together with scheme A. According to the figure 2, we can summarize throughput degradation of each scheme as shown in the table 2. As results, the scheme B(Top-M individual) with 10 TTIs and the scheme C(Top-M average) with 5 TTIs are comparable to the scheme A(All RBs CQI feedback) with 30 TTIs.
Table 2: Sector Throughput degradation

	(A) All RBs CQI feedback
	(B) Top-M individual
	(C) Top-M average

	1 TTI
	30 TTIs
	10 TTIs
	30 TTIs
	5 TTIs
	30 TTIs

	N/A
	2.75 %
	2.65 %
	5.18 %
	3.94 %
	8.90 %
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Figure 1: Sector throughput of reference case
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Figure 2: Sector throughput of Top-M(=5)
3. Discussion

From the evaluation results in previous section, we discuss which scheme is more efficient. In the table 3, it is summarized in terms of “kbps”. For fair comparison, we chose 30, 10, and 5 TTIs as feedback interval for scheme A, B and C, respectively. It means that we compare the signaling overhead of the schemes under the condition providing the same sector throughput performance.
Note that, in the table 4, values for 20 MHz bandwidth are listed with several feedback intervals because we don’t have simulation results yet to choose proper interval for fair comparison. 
Table 3: Efficiency comparison (10 MHz bandwidth)
	(A) All RBs CQI feedback
with 30 TTIs
	(B) Top-M individual
with 10 TTIs
	(C) Top-M average
with 5 TTIs

	8.0 kbps
	9.2 kbps
	10.4 kbps


Table 4: Efficiency comparison (20 MHz bandwidth)
	(A) All RBs CQI feedback
	(B) Top-M individual
	(C) Top-M average

	30 TTIs
	6 TTIs
	8 TTIs
	10 TTIs
	3 TTIs
	4 TTIs
	5 TTIs

	16.0 kbps
	17.0 bps
	12.8 kbps
	10.2 kbps
	20.7 kbps
	15.5 kbps
	12.4 kbps


The table 3 indicates that the scheme A has best performance. However, the scheme reports, in case of 20 MHz bandwidth, twice bits of the 10 MHz case. Therefore, the scheme B (Top M individual) is best choice among these three schemes. It is FFS which value is best for M. As information, the performances in case of M=10 are shown in Annex B.
In the following, we give some comments on other feedback schemes which we don’t evaluate their sector throughput.

Comments on Bitmap scheme
When we consider the operation by Bitmap scheme, we can consider that it is comparable to or worse than Top-M individual in terms of sector throughput. Also, a number of signaling bits in case of 20 MHz is slightly higher than Top-M individual. Therefore, there is no reason to choose this scheme prior to Top-M individual.
Comments on DCT scheme
This scheme is stated by several contributions[5,6] and evaluated in [4]. According to evaluation results in [4], it is worse than Top-M average in terms of sector/user throughput. Also, a number of signaling bits is almost the same as Top-M average in case of 10, 15 and 20 MHz bandwidth. Therefore, there is no reason to choose this scheme prior to either Top-M average or top-M individual.
Comments on Hierarchical structure scheme
This scheme is evaluated in [3]. It is shown that it is better than bitmap scheme in terms of sector/user throughput. However, only results with short feedback intervals are shown and we have not evaluated it yet. Although this scheme is FFS to us, it is interesting because a number of signaling bits is very small as shown in the table 1.
4. Conclusion
We compared several CQI feedback schemes from both the signaling overhead reduction and the throughput performance points of view. As result of the comparison, we temporary chose Top-M individual as most efficient scheme. Hierarchical structure scheme is needed FFS. Also, evaluation in terms “kbps/Hz” is needed as future work because we evaluated in terms of “kbps” in this contribution. This can be done after we agree on channel assignment for CQI, multiplexing with other control signals, coding scheme and so on.
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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
	2.5 TTI

	CQI estimation and feedback error
	No

	Traffic model
	Generation: constant, Length: constant

	Scheduling
	Proportional Fairness

	Scheduling delay
	2.0 TTI

	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: Performance of Top-10
In case of M=10, throughput performance of Top-M is almost the same as reference case as shown in figure B1 below.
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Figure B1: Sector throughput of Top-M(=10)

Table B-1: Efficiency comparison (10 MHz bandwidth)

	(A) All RBs CQI feedback
with 30 TTIs
	(B) Top-M individual
with 30 TTIs

	8.0 kbps
	5.3 kbps


Table B-2: Efficiency comparison (20 MHz bandwidth)
	(A) All RBs CQI feedback
	(B) Top-M individual

	30 TTIs
	10 TTIs
	20 TTIs
	30 TTIs

	16.0 kbps
	17.6 kbps
	8.8 kbps
	5.9 kbps
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