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1 Introduction
To support frequency domain scheduling in LTE, UEs need to report a frequency selective CQI. Different CQI feedback schemes have been investigated to reduce the uplink signaling overhead. An efficient means of exploiting the redundancy of individual CQI reports per frequency sub-band has been proposed in [1] by reporting the slope of the CQI between adjacent sub-bands. In this contribution, we propose to exploit the channel correlation in the frequency domain by reporting CQI information on adjacent frequency sub-bands, assuming link adaptation over the set of reported sub-bands. The proposed scheme exploits the correlation in the frequency domain to efficiently provide additional scheduling flexibility and accuracy in the reported CQI information, with a reduced signaling overhead.
2 Exploiting the Channel Correlation in the Frequency Domain
Different solutions have been proposed to reduce the CQI signaling overhead while still achieving most of the gain of frequency domain scheduling. These solutions range from reporting an individual CQI for each frequency sub-band of the entire system bandwidth (full CQI report), to reporting only a single average CQI value for the entire system bandwidth (wideband average CQI report). The CQI feedback scheme proposed in [1] exploits the channel correlation in the frequency domain by reporting information on the slope of the CQI between frequency sub-bands. This extra information provides additional flexibility for frequency domain scheduling. The simulation results reported in [1] show that this approach can provide a 30-40% reduction of the number of CQI feedback bits for the same throughput performance, with respect to the best-M CQI report scheme. In fact, the performance of frequency domain packet scheduling does not only depend on the availability of the best sub-bands, but also on how many best sub-bands are available for scheduling.
When link adaptation is performed over several frequency sub-bands, an effective trade-off is given by the best-M average CQI report scheme, based on the feedback of the average CQI of the M best sub-bands. Another possibility is to adopt a threshold-based average CQI report, based on the feedback of the average CQI over the sub-bands that are within a threshold from the best CQI. In addition to an average CQI value, the above schemes need to report the index of the frequency sub-bands corresponding to the reported CQIs (see [2], [3] and references therein). This can be efficiently transmitted by reporting CQI information on adjacent sub-bands, as discussed in the next section.
3 CQI Feedback Schemes 

Although the proposed approach has general applicability, we consider here as a reference the case of best-M average CQI feedback, where the UE reports the average CQI of the 
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 best sub-bands and the indices of these 
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 best sub-bands. The value 
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 of the reported best sub-bands is chosen in order to provide the best trade-off between required number of bits for CQI report and throughput performance. 

With the proposed scheme, in addition to the average CQI of the 
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 best sub-bands, we report an average CQI information for the (at most 
[image: image5.wmf]M

¢

2

) sub-bands adjacent to the best 
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. Given the correlation of the channel in the frequency domain, these adjacent frequency sub-bands will often correspond to relatively good channel conditions. Denoting by CQIM’ the reported best-
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 average CQI, the average CQI of the adjacent sub-bands is reported using either 1 bit, corresponding to an instruction to the scheduler to use the value CQIM’1 for the adjacent sub-bands, or not to schedule the adjacent sub-bands; or b) 2 bits, corresponding to an instruction to the scheduler to use CQIM’1, or CQIM’2, or CQIM’3 for the adjacent sub-bands, or not to schedule the adjacent sub-bands. This scheme does not require to send the indices of the adjacent sub-bands of each of the 
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 best sub-bands.
The proposed scheme achieves the best trade-off between reduced signaling overhead and throughput performance for a value 
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 plus a number of adjacent sub-bands. This provides the scheduler with ordering on the reported CQI information, which is lost with the best-M average report. 
4 Simulation assumptions and results
System level simulations have been performed according to the simulation methodology agreed in [6]. The best-M average scheme and the CQI feedback scheme proposed in Section 3 have been evaluated for a system bandwidth of 10 MHz, user load of 20 users/sector, and a 1x2 antenna configuration. 31 Modulation and Coding Scheme (MCS) levels are considered for CQI quantization, which corresponds to 5 bits per CQI value. We assume that the frequency resolution of the UE CQI measurement corresponds to one sub-band of 2 PRBs (24 OFDM sub-carriers). Full CQI report for the whole system bandwidth with no limitation in number of bits is used as a reference scheme. The performance of the schemes with reduced CQI report is expressed in terms of relative loss in average sector throughput compared to the reference scheme. The system level simulation assumptions are summarized in Table 1.
The simulation results are reported in figures 1 and 2. As can be seen from the collected plots, the proposed CQI report scheme provides the possibility of reducing the signalling overhead with respect to the best-M average scheme, with negligible throughput degradation with respect to full CQI report.

At very low signalling overhead the proposed scheme provides a frequency scheduling gain, due to the fact that exploiting the channel correlation provides CQI information on additional sub-bands that can be used by the scheduler, at minimal cost in terms of number of bits
The proposed scheme can be applied for the case where it is required to provide an average CQI information over a variable number of PRBs higher than the signalled value of PRBs per sub-band.
Table 1 – Simulation parameters.
	Parameter description
	Assumption/Value

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

	Inter-site distance (ISD)
	500 m

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometres

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2.1 GHz

	Channel model
	Typical Urban (TU 6)

	UE speed 
	3 km/h

	UE deployment
	20 UEs per sector 

	Minimum distance between UE and BS
	35 m

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46 dBm for 10 MHz bandwidth

	BS transmitter
	1 antenna

	UE receiver
	2 antennas

	UE receiver type
	2-Rx MRC

	UE noise figure
	7 dB

	Channel estimation
	Ideal

	CQI feedback delay
	2 TTIs

	Active sub-carriers
	600 sub-carriers for 10 MHz bandwidth

	CQI measurement sub-band
	360 kHz (24 sub-carriers) for 10 MHz bandwidth

	CQI quantization 
	Quantization to 1dB step is assumed

	CQI level
	5 bits (31 levels)

	
	

	UL CQI report reception
	Always received correctly by the eNode-B. CQI  measurement error and CQI loss: OFF

	Link to system level interface
	EESM

	Scheduler
	Proportional Fair scheduler in time and frequency
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Figure 1 – Performance of different CQI feedback schemes. 10 MHz bandwidth, 20 users.
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Figure 2 – Performance of different CQI feedback schemes. 10 MHz bandwidth, 20 users.
5 Conclusions
In this contribution we have addressed the possibility of reducing the signalling overhead of the CQI feedback for frequency domain scheduling. We propose to exploit the channel correlation in the frequency domain by reporting CQI information on adjacent frequency sub-bands. The proposed CQI feedback scheme efficiently provides additional flexibility and more accurate CQI information for frequency domain packet scheduling.
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