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1 Introduction

EUTRA downlink is to support two types of transmission, with localized and distributed sub-carrier allocation according to the current RAN1 TR related to the Study Item Evolved UTRA [1].
During the RAN1 #42 meeting (Athens), Samsung provided preliminary simulation results, both link and system level, comparing the distributed transmission with scattered sub-carriers and localized transmission with contiguous sub-carriers [2]. We called them Time-Frequency Diversity (TFD) transmission and Frequency Scheduled (FS) Transmission, respectively.  Based on link level simulation results under the assumption of single Rx antenna at UE and No HARQ, the TFD transmission has significant gain over the FS transmission thanks to the frequency diversity gain. This implies that TFD would be desirable if the channel condition known at the node B is not reliable, e.g., for high Doppler cases.  On the other hands, from the system level simulation results, we observed that frequency selective scheduling provides significant gain in terms of system throughput if the channel condition known at the node B is reliable, e.g., for low Doppler cases. 
In this document, we compare the system level performance between TFD and FS transmissions with various Doppler values, under the simulation assumptions agreed upon in RAN 1 [3].
2 Simulation Assumption
Table 1 ~ 3 list the detailed simulation parameters. We followed OFDM parameters and the simulation conditions described in [1] and [3], 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 [4].
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 ([4])

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

	Packet combining method in hybrid ARQ
	Chase combining

	Number of receiver antennas
	 1 and 2

	Traffic model
	Full queue traffic

	Frequency re-use
	1

	Channel model
	Pedestrian A, Pedestrian B, and Typical Urban

	UE speed
	3 km/h, 30 km/h, 120 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


Figure 1 shows the simulation scenario where FS and TFD transmission are compared. 10 MHz transmission bandwidth was assumed.  Note that each sub-band bandwidth of 0.563 MHz was assumed for frequency selective scheduling, i.e., 16 sub-bands in the 10 MHz system, which consists with proposed sub-band bandwidth for shared data channel and CQI report in EUTRA downlink [5]. One or more (16, k) Distributed Resources Channels (DRCH) are assigned to an UE in TFD while one or more (16, k) Localized Resources Channels (LRCH) are assigned to an UE in FS mode. Details on the concept of DRCH and LRCH are described in [6]. Accordingly, user data are scattered over the entire system bandwidth in TFD mode, while they are localized within a certain sub-band in FS mode as shown in the figure. 
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Figure 1. Simulation scenario: TFD vs. FS transmission
3 Simulation Results
Simulation results comparing the performance between FS mode and TFD mode are shown in Figure 2 through Figure 7.  A pair of results, (sector throughput, packet error rate after receiving each sub-packet) are compared for 3 km/h, 30 km/h, and 120 km/h, respectively.  Packet error rate performance with large number of retransmission limit can help us understand the characteristics of each transmission scheme, and estimate the packet delay performance. 
Figure 2 shows the sector throughput results for 3 km/h case. As expected, it is observed that FS mode provides significant throughput gain compared to TFD mode as the number of users per sector increases. This is because channel conditions are almost same between the point of SNR measurement at UE and the point of downlink packet transmission, i.e., CQI value at the scheduler is very reliable so that the scheduler can select the UEs with better channel condition and increase the system throughput.
Figure 3 shows the results of packet error rate after receiving each sub-packet for 3 km/h case. Note that target error rate for the first sub-packet transmission was assumed as 1 %.  As expected, we can observe that the packet error rates for the first transmission are similar to the target error rate for all the cases, and all the decoding-failed packets are recovered after the second sub-packet transmission. 
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Figure 2. Sector throughput comparison between FS and TFD for 3 km/h
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Figure 3. Packet error rate comparison between FS and TFD after receiving each sub-packet for 3 km/h
Figure 4 shows the sector throughput results for 30 km/h case. It is observed that FS mode and TFD mode provide similar performance in this scenario. This is because channel conditions are a bit different between the point of SNR measurement at UE and the point of downlink packet transmission, i.e., the scheduler can not properly select the UEs with better channel condition. 
Figure 5 shows the results of packet error rate after receiving each sub-packet for 30 km/h case. 
We can observe that the packet error rates for the first transmission are around 50 % for all the cases even though the scheduler targeted on 1 % error rate for the first sub-packet transmission based on the CQI value. Note that in general the packet error rate for the first transmission is quite high in case the channel condition is different between the points of SNR measurement and packet transmission, and a scheduling algorithm which tries to select UEs with better channel condition such as proportional fair (PF) or max C/I scheduler is used.  It is also observed that the packet error rate for the TFD mode decreases more drastically than that for FS mode as the number of sub-packets increases. This means that shorter packet delay is expected with the TFD mode. In other words, targeting on same delay with same number of retransmissions for each packet,  more scheduling margin is required for FS mode, resulting in less data rate and less throughput.
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Figure 4. Sector throughput comparison between FS and TFD for 30 km/h
[image: image5.emf]PER Comparison btw FS mode and TFD mode:

System BW-10 MHz (0.563 MHz x 16), TU model, 30 km/h

0%

10%

20%

30%

40%

50%

60%

1 2 3 4 5 6 7 8 9 10 11

sub-packet index

Packet Error Rate [%]

FS_30km_1RxAnt

TFD_30km_1RxAnt

FS_30km_2RxAnt

TFD_30km_2RxAnt


Figure 5. Packet error rate comparison between FS and TFD after receiving each sub-packet for 30 km/h
Figure 6 shows the sector throughput results for 120 km/h case. Contrary to the results for 3 km/h and 30 km/h, it is observed that TFD mode provides higher throughput than FS mode. This is because channel conditions are quite different between the points of SNR measurement at UE and downlink packet transmission and the scheduler cannot select the appropriate MCS level to the current channel condition, where the channel variation with TFD mode is much less than that with FS thanks to frequency diversity.
Figure 7 shows the results of packet error rate after receiving each sub-packet for 120 km/h case. 
We can observe that the packet error rates for the first transmission are around 90 % for all the cases due to the same reason as 30 km/h case, i.e., the channel condition at the point of packet transmission would be worse than the SNR indicated by CQI because the scheduler try to select UEs with higher CQI value based on PF scheduling algorithm.  Similar to the 30 km/h case, the packet error rate for the TFD mode decreases much more drastically than that for FS mode as the number of sub-packets increases. This means that shorter packet delay is expected with the TFD mode. In other words, targeting on same delay with same number of retransmissions for each packet, more scheduling margin is required for FS mode, resulting in less data rate and less throughput, which make the throughput difference between FS and TFD larger than shown in Figure 6. 
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Figure 6. Sector throughput comparison between FS and TFD for 120 km/h
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Figure 7. Packet error rate comparison between FS and TFD after receiving each sub-packet for 120 km/h
4 Conclusion
In this document, system level simulation results were provided, comparing the performance of FS and TFD schemes.   From the simulation results, we observed that FS scheme provides significant throughput gain over TFD scheme for low Doppler users. On the other hand, TFD scheme shows higher throughput and low packet delay for high Doppler case. 
Based on those observations, TFD scheme are recommended for high speed users and/or delay sensitive traffic, while FS scheme are for low speed users. 
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