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1 Introduction

According to the RAN1 TR related to the Study Item Evolved UTRA[1], the basic transmission scheme in EUTRA UL is single-carrier transmission (SC-FDMA) and both of localized transmission on consecutive subcarriers and distributed transmission on equi-distance subcarriers can be supported for the data transmission. 

Localized transmission may be mainly used with frequency-selective scheduling for the best effort services of low speed UEs, on the contrary, distributed transmission is considered as a complement to localized transmission for additional frequency diversity for the persistent scheduling or high speed UEs. But distributed transmission is suffering from worse channel estimation performance due to distributed reference signal transmission to the whole bandwidth as we already observed in [2].

In this document, we try to take into account localized transmission with hopping to get the additional frequency diversity and good channel estimation performance as well and compare the link-level performance with distributed transmission. 

2 LFDMA with hopping
Figure 1 illustrates an example of LFDMA w/ hopping. We assume that the frequency hopping of allocated resource units is enabled even in a TTI (intra-TTI hopping), in addition to the hopping across H-ARQ retransmissions (inter-TTI hopping). The former may improve the performance of initial transmission while the latter provides more time and/or frequency diversity gain comparing with DFDMA transmission as number of transmissions increases. But note that with intra-TTI hopping, it is difficult to utilize all reference signals in a TTI for channel estimation, since reference signals may hop to the different tones as well.

[image: image1]
Figure 1 LFDMA with intra- and inter-TTI hopping
3 Performance evaluation
3.1 Scenarios

UL subframe structure for the evaluation is shown in figure 2 where short blocks are used for reference signals for coherent demodulation and long blocks are used for data transmissions. And system parameters for link level simulation are provided in table 1.
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Figure 2 UL Frame structure 
Table 1 Parameters
	Parameter
	Assumption

	Subframe duration (msec)
	0.5

	TTI duration (msec)
	1

	FFT size
	512

	OFDM sample rate (Msamples/sec)
	7.68

	Subcarrier separation (kHz)
	15

	# of useful subcarriers per OFDM symbol
	300

	Transmission bandwidth (MHz)
	4.5

	Bandwidth for Resource Block (KHz)
	180

	Number of total Resource Blocks
	25

	Number of allocated Resource Blocks
	1

	Information bits
	144 

	Hybrid ARQ
	Synchronous HARQ

	
	IR

	
	5 processes

	
	Max. 4 retransmission

	Number of Antennas (Tx, Rx)
	(1,2)

	MCS level
	QPSK, R=1/2

	Channel model 
	6-ray Typical Urban

	UE speed 
	3/30 (km/h)


3.2 Simulation results

In table 2 and table 3, we summarize required EsNo values of each case based on the figures in Annex. There are two main factors having effects on the performance, one channel estimation performance and the other diversity gain.
And we derive some observations from the results as follows;

Observation 1: LFDMA w/ hopping vs. DFDMA

· Considering that DFDMA transmission is only better than LFDMA w/ hopping at 1% BLER of the initial transmission, it would be preferable for the services which do not allow HARQ retransmission and require low target error rate at the initial transmission.
Observation 2: LFDMA w/ inter-TTI hopping vs. LFDMA w/ intra- and inter-TTI hopping
· In low speed case, LFDMA w/ intra- and inter-TTI hopping may provide more frequency diversity gain but worse channel estimation performance because reference signal only in a current subframe can be used for channel estimation. 
· LFDMA w/ intra- and inter-TTI hopping is better than LFDMA w/ inter-TTI hopping at 1% BLER of the 1st and 2nd transmission. 

· As number of transmissions increases, there is no big performance difference from diversity gain point of view.
· In high speed case, LFDMA w/ intra- and inter-TTI hopping always outperforms LFDMA w/ inter-TTI hopping.

Table 2 Required EsNo value(dB) : TU3
	
	DFDMA
	LFDMA w/o hopping
	LFDMA w/ interTTI hopping
	LFDMA w/ intra- and inter-TTI hopping

	1st transmission
	10% BLER
	4.3
	3.2
	3.2
	4.1

	
	1% BLER
	6.7
	8.5
	8.5
	8.2

	2nd transmission
	10% BLER
	1.0
	-0.5
	-0.7
	0.0

	
	1% BLER
	3.2
	4.2
	2.6
	2.3

	4th transmission
	10% BLER
	-1.2
	-2.8
	-3.8
	-2.8

	
	1% BLER
	0.8
	1.2
	-1.6
	-0.7


Table 3 Required EsNo value(dB) : TU30
	
	DFDMA
	LFDMA w/o hopping
	LFDMA w/ inter-TTI hopping
	LFDMA w/ intra- and inter-TTI hopping

	1st transmission
	10% BLER
	6.2
	5.2
	5.2
	4.8

	
	1% BLER
	8.4
	10.3
	10.3
	8.6

	2nd transmission
	10% BLER
	2.5
	0.8
	0.6
	0.3

	
	1% BLER
	4.2
	4.0
	4.1
	2.5

	4th transmission
	10% BLER
	-0.2
	-2.7
	-2.8
	-3.1

	
	1% BLER
	1.0
	-0.3
	-0.7
	-1.5


4 Conclusion

In this contribution, we compared the performance between DFDMA and LFDMA transmission. For many cases, LFDMA with hopping shows better performance, while DFDMA provides better performance if 1% BLER is required at the initial transmission. We would need to make consensus on whether or not there are some applications where DFDMA transmission is needed. 

And it would be FFS how to multiplex multiple UEs who hop every transmission with keeping the single carrier property if LFDMA with hopping is considered. 
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Annex. BLER performance
[image: image3.wmf]TU 3km; 1 RU; 1st transmission

0.001

0.01

0.1

1

-8

-6

-4

-2

0

2

4

6

8

10

Rx EsNo per antenna

Residual BLER

DFDMA

LFDMA wo/ hopping

LFDMA w/ inter hopping

LFDMA w/ intra+inter hopping


Figure 3 TU3: the 1st transmission
[image: image4.wmf]TU 3km; 1 RU; 2nd transmission
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Figure 4 TU3: the 2nd transmission
[image: image5.wmf]TU 3km; 1 RU; 4th transmission
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Figure 5 TU3: the 4th transmission
[image: image6.wmf]TU 30km; 1 RU; 1st transmission
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Figure 6 TU30: the 1st transmission

[image: image7.wmf]TU 30km; 1 RU; 2nd transmission
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Figure 7 TU30: the 2nd transmission

[image: image8.wmf]TU 30km; 1 RU; 4th transmission
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Figure 8 TU30: the 4th transmission
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