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1 Introduction

Two transmission types, localized and distributed transmissions, are assumed to be supported in the OFDMA-based downlink of EUTRA in the current RAN1 TR related to the Study Item Evolved UTRA and UTRAN [1], where contiguous sub-carriers are used for localized transmission while scattered sub-carriers are used for distributed transmission. Among the two kinds of transmissions, localized transmission makes frequency selective scheduling possible, which is one of the key technologies to meet the performance requirements of EUTRA [2].
For the localized transmission, there is a need to define the sub-band bandwidth which consists of multiple contiguous sub-carriers and is defined as the smallest frequency unit possible to allocate to a user for data transmission.
There were a few contributions on the sub-band bandwidth which was referred to as “chunk bandwidth” in those contributions [3-4].  Sub-band bandwidth of 200 kHz was proposed in [3], while 300 ~ 600 kHz in [4]. 

In this contribution, we discuss some aspects on the selection of sub-band bandwidth for EUTRA downlink and propose an appropriate value of the sub-band bandwidth.  The following aspects are taken into account:

· Smallest payload size and proper minimum resource allocation unit (section 2.1)
· CQI feedback from UE (section 2.2)
· Performance gain from frequency selective scheduling (sections 2.3 and 4)
2 Considerations on sub-band bandwidth

2.1 Small payload size and proper resource allocation unit
It is claimed in [3] that the sub-band bandwidth (chunk BW) defines the smallest payload size. However, if we adopt TDMA in a sub-frame, e.g., up to 2 users, a larger bandwidth can be used for the sub-band BW. Note localized transmission is desirable for low speed users [5] and TDMA within a sub-frame is therefore applicable since we can assume that the channel variation within a sub-frame is negligible for the low speed users.  Therefore, the minimum resource allocation unit considering small payload size is not highly related to the sub-band BW.  
If we use a bit large sub-band BW for localized transmission, the important issues are not small payload size, but the trade-off between the downlink performance degradation from frequency selective scheduling perspective and the uplink performance gain due to the reduced CQI feedback. 
Furthermore, when we compute the minimum resource allocation unit as described in [3], we get 500 kHz as follows:

320 bits (40 bytes) / 0.7 (code rate) / 2 (QPSK) / 7 (number of OFDM symbols within a sub-frame) ( 15 kHz = 490 kHz
2.2 CQI feedback from UE

It was mentioned in [3] that CQI reporting does not have to be defined per chunk (sub-band) and do CQI reporting per a set of chunks. However, from link adaptation accuracy point of view, it is desirable to make CQI feedback granularity be equal to the sub-band BW. This is because SNR can be drastically changed over multiple sub-carriers even within a sub-band, which means a CQI for each sub-band should reflect the averaged SNR over the sub-band, and data transmission based on the CQI feedback should collect statistics enough to reflect the reported SNR, to increase the link adaptation gain.  
2.3 Performance gain from frequency selective scheduling
Potential gain of the frequency selective scheduling should be taken into account to determine the sub-band BW for EUTRA downlink, since CQI feedback overhead to support frequency selective scheduling is much higher than the case that only utilization of time domain scheduling, e.g., distributed transmission. 

In section 4, the impact of sub-band bandwidth on the performance of frequency selective scheduling is evaluated via system level simulation.
3 Simulation Assumption
Table 1 ~ 3 list the detailed simulation parameters. We followed OFDM parameters and the simulation conditions described in [6] and [7], respectively. A 19-cell configuration was assumed, where each cell has 3 sectors. We set the cell radius to 289 m. Modulation and coding schemes used are shown in Table 3. The delay between the point channel measurement at UE and the point that the scheduler uses the CQI, was 3 TTI (=1.5 ms).  The round trip delay of the hybrid ARQ with packet combining (Chase combining) was 6 TTIs (=3ms), respectively.  We used the exponential effective SIR mapping (EESM) method for the link error prediction [8]. 
Table 1. OFDM Parameters
	Parameter
	Assumption

	TTI duration (msec)
	0.5

	FFT size
	1024

	OFDM sample rate (Msamples/sec)
	15.36

	CP duration ((sec/ samples)
	(4.75/73) ( 6, (4.82/74) ( 1

	Subcarrier separation (kHz)
	15

	# of OFDM symbols per TTI
	7

	OFDM symbol duration ((sec)
	66.67

	# of useful subcarriers per OFDM symbol
	600

	Transmission bandwidth (MHz)
	9.015


Table 2. System simulation parameters
	Parameter
	Assumption

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

	Inter-site distance
	500 m

	Minimum distance between UE and cell
	35 m

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

	Antenna pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Total BS Tx power
	46 dBm

	Penetration loss
	20 dB

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	Carrier frequency
	2000 MHz

	BS/UE antenna gain
	14 dB / 0dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Overhead channel (pilot and other control channels)
	10 % of subcarriers

	Pilot / other overhead channel power
	- 10 dB / -10 dB

	Modulation scheme and Channel coding rate
	See Table 3.

	Control delay in scheduling and AMC
	1.5 msec (3 sub-frames)

	Scheduling algorithm
	Proportional Fairness

	Effective SIR mapping function
	Exponential Effective SIR Mapping ([8])

	Round trip delay in hybrid ARQ
	3.0 msec (6 TTI)

	Packet combining method in hybrid ARQ
	Chase combining

	Number of receiver antennas
	2

	Traffic model
	Full queue traffic

	Frequency re-use
	1

	Channel model
	Pedestrian A, Pedestrian B, and Typical Urban

	UE speed
	3 km/h


Table 3. Modulation and coding scheme
	Modulation
	Code Rate
	Repetition Factor
	Effective Code Rate

	QPSK
	1/3
	16
	1/48

	
	1/3
	8
	1/24

	
	1/3
	4
	1/12

	
	1/3
	2
	1/6

	
	1/3
	1
	1/3

	
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	16 QAM
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	64 QAM
	2/3
	1
	2/3

	
	4/5
	1
	4/5


오류! 참조 원본을 찾을 수 없습니다. shows the simulation scenario where the frequency selective scheduling gain is investigated according to the different number of sub-bands, 1 through 32. 10 MHz transmission bandwidth was assumed. Therefore, sub-band BW varies depending on the number of sub-bands from 9.015 MHz to 0.282. Each sub-band consists of contiguous sub-carriers.
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Figure 1. Simulation scenario: frequency and time domain scheduling with different sub-band BW
4 Simulation Results
Simulation results showing the performance gain of the frequency selective scheduling are shown in Figure 2 through Figure 5. Two sets of simulations were performed: First set of simulation results are shown in Figure 2 and 3, where the typical urban (TU) channel model was used. Second set of simulation results are shown in Figure 4 and Figure 5 with a mixed channel model, where the channel model of each UE was randomly selected among Pedestrian A, Pedestrian B and TU with the probability of 0.3, 0.3, and 0.4, respectively. Note that only a low Doppler, i.e., 3 km/h was considered to investigate the potential gain of the frequency scheduling.  
Figure 2 shows the sector throughput results with TU model. As expected, it is observed that system throughput increases as the number of sub-bands increases. 
Figure 3 shows the percentage of throughput gain from the increased number of sub-bands.  We can observe that the percentage of throughput gain decreases as the number of sub-bands increases and it seems saturate at 16 sub-bands.  Note that the gain from 16 to 32 sub-bands is less than 4 %.
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Figure 2. Sector throughput in TU model
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Figure 3. Throughput gain vs. number of sub-band in TU model
Figure 4 shows the sector throughput results with the mixed channel model. It is observed that system throughput increases as the number of sub-bands increases.
Figure 5 shows the percentage of throughput gain from the increased number of sub-bands with the mixed channel model.  We can observe that the percentage of throughput gain decreases as the number of sub-bands increases and it saturates at 16 sub-bands.  Note that the gain from 16 to 32 sub-bands is less than 2 %.
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Figure 4. Sector throughput in TU model
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Figure 5. Throughput gain vs. number of sub-band in TU model
5 Conclusion
In this contribution, we discussed the selection of sub-band bandwidth for EUTRA downlink, in terms of the relationship between small payload size and sub-band BW, CQI feedback from UE, and performance gain from frequency selective scheduling.  From the system level simulation results, it was observed that the throughput gain from frequency selective scheduling saturates around 0.6 MHz which matches well with the results provided in [4]. 
Based on the discussion and simulation results, it is proposed to adopt 0.6 MHz as sub-band bandwidth (or chunk BW) for EUTRA downlink. 
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