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1 Introduction

Distributed FDMA (D-FDMA, or IFDMA) and Localised FDMA (L-FDMA) have both been proposed for the EUTRA uplink [1]. L-FDMA may be combined with channel dependent scheduling to provide multi-user diversity. However, there are situations in which the use of channel dependent scheduling is problematic, specifically
· when the UE velocity is high, since in this case the channel state may change significantly between the time that it is reported and the time that the UE is scheduled.

· when bandwidth is shared by a large number of low data rate users, since in this case the signalling overhead required to support channel dependent scheduling may become excessive.

In these cases, D-FDMA may be preferred over L-FDMA because it offers greater frequency diversity. However, additional frequency diversity may be obtained in the case of L-FDMA by applying frequency hopping. Specifically, the L-FDMA sub-carrier allocated to each user may be changed every sub-frame according to a fixed pattern. 

This contribution presents simulations of the performance of D-FDMA and L-FDMA with frequency hopping in the two scenarios described above.
2 Simulation Results
2.1. Scenario 1
In this scenario, representing the high velocity case, four users share 10 MHz spectrum and the UE velocity is assumed to be 120 km/h. The simulation assumptions are shown in Table 2.1 and Figure 2.1. The sub-frame formats shown in Figure 2.1 are taken from Table 9.1.1-1 in [2].
	Simulation duration
	10000 TTIs

	Carrier chip rate
	8.192 MHz

	Sample rate
	32.768 MHz

	Modulation 
	QPSK / 16QAM 

	Pulse shaping roll-off factor
	0.22

	Pilot / Data power
	0 dB

	Spreading factor
	2

	Chip Repetition Factor (D-FDMA)
	4

	Number of sub-carriers (L-FDMA)
	4, with spacing 0.275 x 8.192 = 2.2528 MHz

	FEC
	Rate ½ Turbo encoding

	TTI Interleaving
	R99 2nd interleaver

	HARQ method
	IR

	Max. number of HARQ retransmissions
	4

	HARQ retransmission interval
	6 TTIs (between start of successive transmissions)

	HARQ ACK/NACK decoding error rate
	0

	L-FDMA frequency hopping period
	1 sub-frame 

	L-FDMA frequency hopping pattern
	Pseudo-random

	Channel
	TU with 6 paths, type (1) (from [3])

	Doppler rate
	222.22 Hz (120 km/h @ 2.0 GHz)

	Path, channel and noise estimation
	Ideal

	Number of receive antennas
	2 (with equal gain combining)

	Number of sub-frames per TTI
	1
	2
	4

	TTI duration
	0.5 ms
	1.0 ms
	2.0 ms

	Number of Transport Blocks per TTI
	1
	1
	1

	Transport Block Size (including CRC), bits
	QPSK 380

16QAM 764
	QPSK 764

16QAM 1532
	QPSK 1532

16QAM 3068


Table 2.1 : Simulation Parameters for Scenario 1
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Figure 2.1 : Simulation Assumptions for Scenario 1
Figure 2.2-Figure 2.4 show the BLER on the first HARQ transmission and the achieved throughput for each TTI length.
Figure 2.2 shows that when the TTI length is one sub-frame, D-FDMA provides a lower BLER than L-FDMA, because of the frequency diversity gain. However this gain only becomes apparent at fairly low BLER, so the gain in terms of throughput is very small. Frequency hopping has no effect in this case, because it does not increase the diversity within the TTI. It does slightly reduce the BLER on the second (and subsequent) HARQ transmissions, but the effect on overall throughput is not noticeable.

Figure 2.3 and Figure 2.4 show that when the TTI length is greater than one sub-frame, the performance of L-FDMA is improved by frequency hopping, and in fact the performance of L-FDMA with frequency hopping is as good as D-FDMA.
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Figure 2.2 : Scenario 1 : 0.5ms TTI Length
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Figure 2.3 : Scenario 1 : 1.0ms TTI Length
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Figure 2.4 : Scenario 1 : 2.0ms TTI Length

2.2. Scenario 2
In this scenario, representing the low data rate case, eight users share 2.5 MHz of spectrum (which is sufficiently large to obtain a frequency diversity effect with D-FDMA in the TU channel). The simulation parameters are the same as those shown in Table 2.1 except for those shown in Table 2.2. Note that the L-FDMA case requires a sub-frame format of length 128. Since there is no such format defined in [2], a format has been derived based on Table 9.1.1-2 in [2]. 
	Simulation duration
	20000 TTIs

	Carrier chip rate
	2.048 MHz

	Sample rate
	16.384 MHz

	Chip Repetition Factor (D-FDMA)
	8

	Number of sub-carriers (L-FDMA)
	8, with spacing 0.1375 x 2.048 = 0.2816 MHz

	Doppler rate
	5.556 Hz (3 km/h @ 2.0 GHz)

	Number of sub-frames per TTI
	1
	2
	4

	TTI duration
	0.5 ms
	1.0 ms
	2.0 ms

	Transport Block Size (including CRC), bits
	QPSK 44

16QAM 92
	QPSK 92

16QAM 188
	QPSK 188

16QAM 380


Table 2.2 : Simulation Parameters for Scenario 2
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Figure 2.5 : Simulation Assumptions for Scenario 2
Figure 2.6-Figure 2.8 show the BLER on the first HARQ transmission and the achieved throughput for each TTI length.
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Figure 2.6 : Scenario 2 : 0.5ms TTI Length
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Figure 2.7 : Scenario 2 : 1.0ms TTI Length


[image: image8.emf]-10 -5 0 5 10 15 20

-5

-4

-3

-2

-1

0

Eb/N0 per antenna (including pilot and CP) [dB]

BLER (First Transmission)

-10 -5 0 5 10 15 20

0

50

100

150

200

Eb/N0 per antenna (including pilot and CP) [dB]

Throughput [kbps]

QPSK

16QAM

D-FDMA

L-FDMA, Hopping Off

L-FDMA, Hopping On

D-FDMA

L-FDMA, Hopping Off

L-FDMA, Hopping On

16QAM

QPSK

10

-2

10

-1

10

0

10

-5

10

-4

10

-3


Figure 2.8 : Scenario 2 : 2.0ms TTI Length

In this case the difference between D-FDMA and L-FDMA is greater. This is because the narrower bandwidth and the larger number of L-FDMA sub-carriers restricts the diversity that can be achieved with a small number of hops. As in Scenario 1, the frequency hopping gain increases with increasing TTI length. However in the case of 16QAM there is still a small but noticeable difference in throughput between D-FDMA and L-FDMA with frequency hopping.
2.3. Scenario 3

In this section we present a third simulation, the purpose of which is to compare the performance of D-FDMA and L-FDMA with real channel (and noise power) estimation. The scenario is similar to Scenario 1 except that it is based on a frequency domain implementation so the sub-frame format is slightly different. Also, spreading is not applied. Four users share 10 MHz spectrum and the UE velocity is assumed to be 120 km/h. The detailed simulation assumptions are shown in Table 2.1 and Figure 2.1. The sub-frame formats shown in Figure 2.1 are taken from Table 9.1.1-2 (BW=90%) in [2].

	Simulation duration
	10000 TTIs

	Transmission Bandwidth
	10 MHz

	Sample rate
	30.72 MHz

	Modulation 
	QPSK / 16QAM 

	Pulse shaping roll-off factor
	0.22

	Pilot / Data power
	0 dB

	Spreading factor
	1

	Chip Repetition Factor (D-FDMA)
	4

	Number of sub-carriers (L-FDMA)
	4, with spacing 2.6 MHz

	FEC
	Rate ½ Turbo encoding

	TTI Interleaving
	R99 2nd interleaver

	HARQ method
	IR

	Max. number of HARQ retransmissions
	4

	HARQ retransmission interval
	6 TTIs (between start of successive transmissions)

	HARQ ACK/NACK decoding error rate
	0

	L-FDMA frequency hopping period
	1 sub-frame 

	L-FDMA frequency hopping pattern
	Pseudo-random

	Channel
	TU with 6 paths, type (1) (from [3])

	Doppler rate
	222.22 Hz (120 km/h @ 2.0 GHz)

	Number of receive antennas
	2 (with equal gain combining)

	Number of sub-frames per TTI
	1

	TTI duration
	0.5 ms

	Number of Transport Blocks per TTI
	1

	Transport Block Size (including CRC), bits
	QPSK 896,  16QAM 1796


Table 2.3 : Scenario 3 : Simulation Parameters
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Figure 2.9 : Scenario 3 : Simulation Assumptions

Figure 2.10 shows the results for the QPSK case and Figure 2.11 shows the results for 16QAM. As before, the performance of D-FDMA is slightly better than L-FDMA when ideal channel estimation is used. However D-FDMA suffers greater loss with real channel estimation compared to ideal, particularly in the 16QAM case. With real channel estimation the performance of L-FDMA is the same as D-FDMA in the QPSK case and significantly better than D-FDMA in the 16QAM case.
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Figure 2.10 : Scenario 3 : QPSK
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Figure 2.11 : Scenario 3 : 16QAM
3 Conclusions
This contribution has presented simulation results comparing the performance of L-FDMA and D-FDMA. In the case of L-FDMA the effect of sub-frame rate frequency hopping has been evaluated.
The results indicate that in general L-FDMA with sub-frame rate frequency hopping has comparable throughput performance to D-FDMA, but that D-FDMA is slightly better in cases when the TTI length is small (restricting the number of hops that can be performed during the TTI) and the L-FDMA sub-carrier bandwidth is small.
Note that this conclusion applies to the ideal channel estimation case. Further results presented in this contribution indicate that L-FDMA suffers smaller loss from real channel estimation, and that the performance of L-FDMA is as good as or better than D-FDMA when real channel estimation is used.

Furthermore, channel dependent scheduling is not used in these simulations. The performance of L-FDMA will be improved when combined with channel dependent scheduling. 
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