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1. Introduction

Multi-user scheduling in the frequency domain can greatly increase OFDM system throughput. However, it requires excessive and frequent CQI feedback. In order to achieve high system throughput for E-UTRA without too much overhead in CQI feedback, efficient CQI feedback schemes are required. Several CQI feedback schemes have been proposed in [1], which can achieve most of system throughput with only few feedback bits. In this contribution, the performance of those feedback schemes has been evaluated. The effects of CQI reporting rate and the UE’s velocity have been studied as well.
2. CQI Feedback Scheme
In [1], several feedback schemes have been proposed. In this contribution, we focus on the feedback schemes that can achieve the most benefit of frequency-selective scheduling (FSS).

· Bitmap feedback: a 0/1 bit sequence is used to map each resource block (RB), and an average CQI corresponding to RBs mapped as “1” is reported. To further reduce the feedback, a time differential bitmap can be used. That is, the bitmap corresponds to even/odd RBs in each CQI report. At the BS, the “1”-mapped RB is assumed to have the CQI as reported, while the “0”-mapped RB is assumed to have CQI as x dB worse. The Node-B scheduler will use the previous feedback for the non-reported half of the RBs. Namely, a time interpolation will be used to reconstruct the channel. The bitmap feedback scheme can be illustrated in Figure 1.

[image: image1]
· Hybrid feedback: the RBs are grouped into sub-bands using different resolutions. Therefore, one RB can belong to different sub-bands. For each successive feedback interval, an index of the best sub-band and the corresponding average CQI are reported as shown in Figure 2. A reconstruction algorithm will be used at the Node-B to improve the estimate of CQI, as described in [1].

[image: image2]
Figure 2 - Hierarchical structure for CQI feedback
3. Simulation Results and Discussions
As proposed in [2], using a CQI bandwidth of 375 kHz can achieve close to the maximum FSS gain. Therefore, the RB of 375 kHz is used in the simulations such that there are 12 RBs for 5 MHz BW and 24 RBs for 10 MHz BW. The bitmap feedback costs 5(CQI)+6(bitmap)=11bits or 5+12=17bits respectively, while the hybrid feedback requires 5+4 (16 sub-bands)=9bits or 5+5 (32 sub-bands)=10bits correspondingly. Tables 2 and 3 describe other simulation parameters used for the numerical results. The performance of feedback schemes is first evaluated for 5MHz bandwidth, as shown in Figure 3, providing about a 15% improvement over TDM scheduling for feedback reporting intervals of up to 2ms at 3km/h.

Furthermore, the performance is evaluated for 10MHz BW. Figure 4 compare the FSS throughput by using perfect CQI feedback with proposed feedback schemes at 3km/h. Assuming the CQI is reported every TTI (0.5ms) with 3 TTI delay, it shows that the performance loss with respect to that of perfect feedback is only about 5%. It is also observed (but not shown in the figures) that for bitmap feedback scheme, it is better to use time-differential bitmap than merge 2 RBs into one (i.e., using a CQI BW=750 kHz). Figure 5 shows the effect of different CQI report intervals on the FSS performance, i.e., every TTI (0.5ms), every 2 TTI (1ms) and 4 TTI (2ms). Results show that the performance degradation from a slower CQI reporting rate is negligible, which implies further decrease in feedback. The fairness performance is given in Figure 6.  Table 1 below indicates about a 20% improvement from FSS over TDM scheduling.
Table 1 - Effect of CQI feedback rate for 33UE/sector, 3km/h, 10MHz

	CQI feedback rate

(ms)
	TDM

(Mbps)
	FSS (Mbps)

	
	
	Perfect Feedback
	Bitmap
	Hybrid

	0.5
	15.2
	19.4
	18.5
	18.5

	1
	15.2
	19.4
	18.4
	18.3

	2
	15.3
	19.4
	18.0
	18.0


Simulations are also done for higher speed (15km/h) as shown in Figure 7. As expected, the degradation from the slower CQI reporting rates is more severe, although the proposed feedback scheme is still capable of exploiting some of frequency selectivity. 
4. Conclusions

CQI feedback schemes proposed in [1] have been evaluated in this contribution, showing the following observations. 

· The FSS gain can be mostly achieved with only few feedback bits for the proposed feedback schemes. 

· At 3km/h, a slower CQI reporting rate up to 2ms does not degrade the performance, while the gap increases with the UE’s velocity. 

· Both feedback schemes are capable of handling a slower CQI reporting rate. 

· Although the bitmap scheme requires more feedback bits, it is more robust to higher Doppler spread. However, the hybrid feedback scheme may perform well with relatively high speed by adding differential bits [1].
To conclude, both approaches can be considered as good candidates of CQI feedback scheme for E-UTRA.
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Figure 3 - Performance of FSS scheduling for 5MHz at 3km/h
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Figure 4 - System performance comparison for FSS with feedback schemes at 10MHz
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Figure 5 - Effect of different feedback reporting rates for 10MHz BW at 3km/h
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Figure 6 - Fairness for FSS schedulers at 3km/h
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Figure 7 - Performance of FSS scheduling with feedback for 10MHz at 15km/h
ANNEX A – System Simulation Assumptions

Table 2. Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	500m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth mode
	2.0GHz / 5 (or 10)MHz 

	Channel model
	6-ray GSM Typical Urban (TU)

	UE speeds of interest
	3km/h, 15km/h

	Total BS TX power (Ptotal)
	43dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


Table 3. Other Simulation Conditions

	AMC
	ON (any MCS with 0.25<MPR<5.0)

MPR = modulation x encoding rate

	HARQ
	IR with N=6 Stop&Wait HARQ protocol

	Antenna Diversity
	2 antennas

	Receiver
	OFDM

	Symbols/Data Symbols
	7/5

	Channel-dependent scheduling
	PF: Frequency Selective 

	Evaluation method
	As per 25.913 and 25.814. 

1. compare sector throughput and user (packet call) throughput . Note that user throughput is determined based on 2Mbyte packet calls with <0.5 ms packet call and session inter-arrival

	User Bandwidth
	5.0 MHz , 10 MHz

	Traffic Model
	Full Buffer

	Link Mapping
	EESM 
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Figure � SEQ Figure \* ARABIC �1� - Bitmap feedback scheme, "x" means no bitmap for those RBs
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