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1 Introduction
Several best-M and DCT based CQI reporting schemes have been proposed for the E-UTRA uplink control signalling. In this contribution, some of these CQI compression schemes are compared with full feedback CQI reporting through system simulation results. 
2 CQI compression schemes
The following four solutions are evaluated:
· Best-M average, which transmits
· A label indicating the location of M strongest CQI sub-bands[9];

· An averaged primary CQI for the M selected sub-bands;

· An averaged secondary CQI for all other sub-bands.

· Best-M individual, which transmits
· A label indicating the location of M strongest CQI sub-bands;

· M full feedback CQIs for the M selected sub-bands;

· An averaged secondary CQI for all other sub-bands.
· Best-M differential modulation (DM) [3, 4], which transmits

· A label indicating the location of M strongest CQI sub-bands;

· A CQI reference and M DM CQIs based on the reference for the M selected sub-bands;

· An averaged secondary CQI for all other sub-bands.
· DCT significant-M, which transforms all sub-band CQIs to equal-numbered DCT coefficients and transmits 
· The DC coefficient of the DCT transformed CQIs;
· M-1 strongest DCT coefficients;
· The indices of the M-1 DCT coefficients.
The overhead consumption of the CQI reporting schemes are compared in Table 1. by assuming each full CQI or DCT coefficient is represented by five bits and each DM CQI is represented by two bits.
	Scheme
	Signalling Cost (bits)
	10MHz BW
(M=5, Nsb=25*)


	Full Feedback
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	26 bits

	Best-M Individual
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	46 bits

	Best-M DM
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	36 bits

	DCT Significant-M
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	39 bits


*Nsb is the total number of CQI sub-bands, 1 CQI sub-band =2 RBs

Table 1.  Overhead comparison of CQI compression schemes
3 Performance evaluation

3.1 Simulation assumptions
System simulation is performed to evaluate the four above described CQI schemes in a 10MHz baseline system with 1x2 antenna configuration. RB grouping is considered: 2RBs are bonded to form one CQI sub-band (360 KHz) therefore there are 25 CQI sub-bands in the bandwidth. M=5 was obtained as a possible optimal configuration for the best-M average scheme in a 10MHz system in [5]. We use M=5 for all CQI schemes in our simulation for convenience and further study is needed to determine the optimal M values for different CQI schemes and bandwidth configurations.
In the simulation, a finer CQI granularity of 20 MCS levels is assumed in order to better transfer the difference in CQI accuracy among various compression schemes to the influence on system throughput performance. The MCS granularity is demonstrated in Figure 1. In addition, RB-common AMC is assumed according to the LTE working assumption [1].
Proportional Fair scheduling is deployed and the number of RBs allocated to a scheduled UE in one TTI is not restricted because all UEs are fully buffered.

The simulation parameters are listed in Table 2.
	Parameter
	Assumption/Value

	Cell layout
	Hexagonal grid, 19 cells, 3 sectors per cell, wrapped-around

	Inter-site distance (ISD)
	500 m

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Slot / TTI duration
	0.5 ms / 1.0 ms

	Number of OFDM symbols per TTI
	14 (12 for data)

	Channel model
	Typical Urban (TU)

	BS transmitter
	1 antenna

	UE deployment
	30 UEs per sector

	UE speed
	3, 15, 30km/h

	UE receiver
	2 antennas

	Penetration loss
	20dB@3Km/h, 10dB@15Km/h, 10dB@30Km/h

	Channel estimation
	Ideal

	CQI reporting interval
	1~8 TTI(s)

	CQI feedback delay
	2 TTIs

	CQI sub-band size
	360 kHz (24 subcarriers)

	Link-to-system interface
	EESM

	Link adaptation
	RB-common AMC

QPSK: 1/6, 1/4, 1/3, 5/12, 1/2, 7/12, 2/3

16QAM: 5/12, 1/2, 7/12, 2/3, 17/24

64QAM: 1/2, 17/30, 3/5, 2/3, 17/24, 3/4, 4/5, 5/6

	Target BLER
	10%

	Hybrid ARQ scheme
	Chase combining

	Hybrid ARQ round trip delay
	8 TTIs (8 ms)

	Max number of HARQ retransmissions
	3

	Traffic type
	Full buffer

	Scheduler
	Proportional Fair scheduler

	Simulation duration
	3000 TTIs


Table 2. System simulation parameters
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Figure 1. MCS granularity  
3.2 Simulation results
The averaged sector throughputs of the four CQI compression schemes under evaluation are compared with the full feedback scheme in Table 3.
	CQI Schemes
	Averaged Sector 
Throughput 
	Performance Loss 
w.r.t. Full Feedback

	Full Feedback
	19.46 Mbps
	N/A

	Best-M Average
	15.98 Mbps
	17.9%

	Best-M Individual
	18.77 Mbps
	3.5%

	Best-M DM
	18.47 Mbps
	5.1%

	DCT Significant-M
	15.19 Mbps
	21.9%


Table 3.1 Averaged sector throughput at 3Km/h, 30UE/sector, feedback interval=1ms
	CQI Schemes
	Averaged Sector 
Throughput 
	Performance Loss 

w.r.t. Full Feedback

	Full Feedback
	13.22 Mbps
	N/A

	Best-M Average
	10.83 Mbps
	18.1%

	Best-M Individual
	12.49 Mbps
	5.5%

	Best-M DM
	12.21 Mbps
	7.6%

	DCT Significant-M
	11.52 Mbps
	12.9%


Table 3.2 Averaged sector throughput at 15Km/h, 30UE/sector, feedback interval=1ms
	CQI Schemes
	Averaged Sector 
Throughput 
	Performance Loss 

w.r.t. Full Feedback

	Full Feedback
	9.86 Mbps
	N/A

	Best-M Average
	8.84 Mbps
	10.3%

	Best-M Individual
	9.56 Mbps
	3.0%

	Best-M DM
	9.45 Mbps
	4.2%

	DCT Significant-M
	9.59 Mbps
	2.7%


Table 3.3Averaged sector throughput at 30Km/h, 30UE/sector, feedback interval=1ms
At low UE mobility (3Km/h), the gain of the best-M individual/DM schemes over the best-M average scheme is clearly observed. It is also worth noting that differential modulation only introduces very small extra loss (1.6%) to the best-M individual scheme but the reporting overhead can be reduced by 21.7% as analysed in [3]. Moreover, it is observed that the DCT significant-M scheme performs even worse than the best-M average scheme although its signalling overhead is much larger than the best-M average.
At medium-low and medium UE mobility (15Km/h, 30Km/h), the fact that DCT-based CQI compression scheme is less sensitive to high Doppler than best-M based scheme is also found in our simulation results as described in [5]. As a result, the DCT scheme outperforms the best-M average at 15Km/h and 30Km/h. However, the DCT scheme still underperforms the best-M individual/DM schemes at 15Km/h and the difference in performance between the best-M individual and the DCT is very limited at 30Km/h.
The UE throughput CDF is demonstrated in Figure 2, in which similar results as shown in Table 3 for the averaged sector throughput can be observed.
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Figure 2.1 UE throughput CDF at 3Km/h, feedback interval=1ms
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Figure 2.2 UE throughput CDF at 15Km/h, feedback interval=1ms
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Figure 2.3 UE throughput CDF at 30Km/h, feedback interval=1ms
[image: image10.emf]Sector Throughput vs Reporting Interval, UE speed=3Km/h

14

15

16

17

18

19

20

1 2 4 8

Reporting Interval[ms]

Throughput[Mbps]

Best-M Average Best-M Individual Best-M DM

DCT Significant-M Full Feedback


Figure 3.1 Sector throughput vs. reporting interval at 3Km/h
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Figure 3.2 Sector throughput vs. reporting interval at 30Km/h
The sensitivity to reporting interval of the CQI schemes was investigated at 3Km/h and 30Km/h. Figure 3.1 indicates that all CQI reporting schemes have similar immunity to the increase of reporting interval at low mobility (the DCT scheme is slightly better the best-M schemes). It can be observed from the figure that the performance will not degrade much (less than 1.7% loss) by increasing the feedback from 1ms to 4ms for all CQI reporting schemes. 
Figure 3.2 indicates that all CQI schemes are quite sensitive to larger feedback period at 30Km/h; however, the DCT scheme and the best-M average schemes degrade slower. As a result, the DCT scheme begins to slightly outperform the full feedback scheme when the feedback period is increased to 4ms. This is because the reporting interval is too large for the full feedback reporting to be able to track the channel timely at such a high speed (the delayed CQIs are always not accurate in this case). On the contrary, by filtering out some fast variations of the channel, channel quality information averaged by the DCT scheme is more effective when the channel changes quickly. In addition, it is worth noting that the benefit of averaging can be also seen from the best-M average scheme: the performance difference between the best-M average and the best-M individual/DM vanishes gradually with the increase of reporting interval. Therefore, the best-M average scheme can be a good compromise between the signalling overhead and the frequency scheduling gain for UEs experiencing medium Doppler.
4 Conclusions
In this contribution, we compared the system performance of the best-M average, the best-M individual, the best-M differential modulation (DM) and the DCT significant-M CQI compression schemes with full feedback CQI reporting. It is observed that:
· At low UE mobility (3Km/h), the best-M individual/DM schemes provide the best system throughput performance. The two schemes only slightly underperform the full feedback scheme. In addition, the best-M average scheme and the DCT significant-M scheme have similar performance; however, both are worse than the best-M individual/DM schemes. 
· DCT based scheme is less sensitive to high Doppler than best-M based schemes. Therefore, at medium UE mobility (30Km/h), the DCT scheme outperforms all best-M schemes. However, the performance difference between the best-M schemes and the DCT significant-M scheme is limited.

· At low UE mobility, all CQI schemes are not very sensitive to the increase of feedback interval, reporting interval up to 4ms will only degrade the performance slightly. At medium UE mobility, all CQI schemes are sensitive to the increase of feedback interval; however, the best-M average scheme and the DCT scheme degrade slower.
Moreover, the best-M based CQI compression schemes can be combined with other techniques, such as sub-band cyclic shifting [6] or scenario-dependent CQI reporting [10], to further reduce the uplink overhead consumption.
Therefore, based on the above analysis and considering the extra complexity introduced by DCT processing, we propose to take the best-M based compression scheme as the working assumption for E-UTRA uplink CQI signalling.
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