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1 Introduction

In order to reduce the uplink overhead for frequency selective CQI feedback, needed for frequency selective scheduling in the downlink, compression of the CQI information is required. In this contribution we evaluate the system level performance for Best‑M and DCT based schemes with respect to the required uplink overhead for several feedback intervals and for UE speeds of 3 km/h and 15 km/h.

In an accompanying contribution [1], we provide an analysis of the error statistics for the evaluated CQI schemes.

2 CQI Feedback Schemes

A number of CQI feedback compression schemes have been discussed already, where the proposed schemes are either based on transformation of subband based CQI feedback by DCT  [2] or based on signaling good subbands with higher accuracy than bad subbands [2]
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 \* MERGEFORMAT [4]. In this evaluation we consider the following schemes:

· Best‑M Individual:
Instead of transmitting the SINR for each subband within the transmission bandwidth, only the strongest M subbands are determined and their respective SINRs are transmitted. As additional information, a single average SINR of all other subbands is transmitted.

The total budget for the uplink overhead therefore needs to enable transmission of the following attributes:

· Designation
 of M strongest out of Nsb subbands

· M SINR values, one for each of the M strongest subbands

· One SINR value, as average over all other subbands

· Best‑M Average:
Like for the Best‑M Individual scheme, the strongest M subbands are determined. However, as a further simplification, only the average SINR of these M subbands is transmitted.

The total budget for the uplink overhead therefore needs to enable transmission of the following attributes:

· Designation1 of M strongest out of Nsb subbands

· One SINR value, as average over the M strongest subbands

· One SINR value, as average over all other subbands

· DCT Greatest‑M:
M coefficients out of the Nsb output coefficients of the DCT operation are determined for transmission as CQI. The DC component is always one of these M coefficients, the other M-1 coefficients are selected such that they are the coefficients with the M-1 greatest absolute values.

The total budget for the uplink overhead therefore needs to enable transmission of the following attributes:

· One coefficient for the DCT DC component

· Designation1 of M-1 DCT coefficient indices

· M-1 DCT coefficient values

Additionally the performance of full feedback of the SINR values for each subband is evaluated.

In the following it is assumed that two frequency-adjacent resource blocks build one subband.

Further compression techniques, e.g. by transmitting differential CQI information, are not considered in this evaluation. 

3 Uplink Overhead Assessment

Table 1 shows the uplink overhead (information bits) per CQI message required for the CQI feedback schemes described in section 2. It is assumed that each SINR value or DCT coefficient is represented by D = 5 bits. Nsb denotes the number of subbands with a subband spanning over 360 kHz (two resource blocks).

We additionally consider the reduction of CQI feedback overhead by increasing the feedback intervals.

Table 1 – Uplink Overhead

	CQI Scheme
	CQI Feedback Overhead [information bits]

	Full Feedback
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	Best-M Average
	
[image: image3.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

×

M

N

D

sb

2

log

2



	DCT Greatest‑M
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4 Simulation Assumptions

Simulation parameters are provided in Table 2.

Table 2 – Simulation Parameters

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 sectors per site, wrapped‑around

	Inter-site distance (ISD)
	500 m

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

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Sub-frame / TTI duration
	0.5 ms / 1.0 ms

	Number of OFDM symbols per TTI
	14 (12 for data, 2 for pilots and control)

	Channel model
	Typical Urban (TU)

	UE deployment
	10 UEs per sector (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining

	Hybrid ARQ round trip delay
	6 TTIs (6 ms)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3, 15 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Channel estimation
	Ideal

	CQI feedback delay
	2 TTIs

	CQI subband size
	360 kHz (24 subcarriers)

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler


5 Simulation Results

System level simulations for the schemes described in section 2 are performed considering various values of M. In order to demonstrate the effect of fast fading and the potential for further CQI feedback overhead reduction, results are provided for 3km/h and 15km/h and for various CQI feedback intervals (FI). In all simulations the CQI feedback delay is set to 2 TTIs.

Figure 1 shows the sector throughput performance over the uplink overhead for the simulated schemes for a UE speed of 3 km/h and feedback intervals (FI) of 1 ms, 2 ms, 4 ms, and 8 ms (additionally 16 ms for full feedback). For the compression schemes, the Best‑M (7) Individual scheme shows the best performance. Comparing the Best‑M Individual scheme with the DCT Greatest‑M scheme having equal overhead for a given feedback interval, e.g. comparing Best‑M (7) Individual with DCT Greatest‑M (8), shows gains for the Best‑M Individual scheme. For most compression schemes an increase of the feedback interval up to four TTIs (4 ms) does not penalize the performance considerably, where the DCT scheme is slightly less susceptible to an increase of the feedback interval than the Best‑M Individual scheme. 

Figure 2 shows the sector throughput performance for a UE speed of 15 km/h and feedback intervals of 1 ms, 2 ms and 4 ms. In this scenario the DCT Greatest‑M scheme provides best performance and outperforms the Best‑M schemes. Comparing the Best‑M Individual scheme with the DCT Greatest‑M scheme having equal overhead for a given feedback interval, this time the DCT Greatest‑M scheme shows gains. Moreover, for 15 km/h the schemes are very sensitive to an increase of the feedback interval, even for small feedback intervals below 4 ms.

The results in both figures indicate that in certain CQI overhead regions a compression of the CQI feedback by DCT or Best‑M schemes is more efficient than providing full CQI feedback with an increased feedback cycle.

Generally, it is observed from both figures that the performance of the DCT Greatest‑M scheme is slightly less sensitive to higher Doppler frequencies than the Best‑M Individual scheme.

It should further be noted, that M = 5 is the optimum choice for the Best‑M Average scheme, i.e. a further increase of M for this scheme does not improve, but worsens the throughput performance due to decreasing CQI accuracy by averaging of the best M subbands.
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Figure 1 – Sector Throughput over CQI Overhead – 10 UEs / Sector, 3 km/h 
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Figure 2 – Sector Throughput over CQI Overhead – 10 UEs / Sector, 15 km/h
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� Preferably, the designation is carried out by signaling which combination of “M out of Nsb” possible combinations is selected.
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