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1 Introduction

In the last meeting, RAN1 concluded to support localized FDMA with hopping for UL transmission for the purpose of maximising frequency and interference diversity when frequency selective scheduling is not possible. Allocated contiguous set of tones hops at the sub-frame border between two sub-frames within a TTI and over HARQ retransmission, which are simply referred to as an intra-TTI hopping and an inter-TTI hopping. 
In this contribution, we update results of performance evaluation for different types of hopping and discuss remaining considerations on this issue.

2 Performance evaluation
In Table 1 and Table 2, we summarize required EsNo values for various hopping schemes. Based on the results, LFDMA with intra- and inter-TTI hopping always shows the best performance in case of TU30. On the other hand, in low speed case, use of the inter-TTI hopping provides the most of the gain. Addition of the intra-TTI hopping  is beneficial when low error rate, e.g. 1% in Table 1, is required at the initial or the 2nd transmission (e.g. VoIP service). And it is also beneficial for control signal transmission for which no H-ARQ is assumed. The reason is that the intra-TTI hopping deteriorates channel estimation performance while it allows frequency/interference diversity even in a TTI. 
System parameter set and detailed BLER performances are provided in Annex. 
Table 1 Required EsNo value (dB): TU3
	
	LFDMA w/o hopping
	LFDMA w/ intra TTI hopping
	LFDMA w/ interTTI hopping
	LFDMA w/ intra- and inter-TTI hopping

	1st transmission
	10% BLER
	3.2
	4.1
	3.2
	4.1

	
	1% BLER
	8.5
	8.2
	8.5
	8.2

	2nd transmission
	10% BLER
	-0.5
	0.2
	-0.7
	0.0

	
	1% BLER
	4.2
	3.6
	2.6
	2.3

	4th transmission
	10% BLER
	-2.8
	-2.0
	-3.8
	-2.8

	
	1% BLER
	1.2
	0.7
	-1.6
	-0.7


Table 2 Required EsNo value (dB): TU30
	
	LFDMA w/o hopping
	LFDMA w/ intra TTI hopping
	LFDMA w/ interTTI hopping
	LFDMA w/ intra- and inter-TTI hopping

	1st transmission
	10% BLER
	5.2
	4.8
	5.2
	4.8

	
	1% BLER
	10.3
	8.6
	10.3
	8.6

	2nd transmission
	10% BLER
	0.8
	0.4
	0.6
	0.3

	
	1% BLER
	4.0
	2.7
	4.1
	2.5

	4th transmission
	10% BLER
	-2.7
	-2.9
	-2.8
	-3.1

	
	1% BLER
	-0.3
	-1.1
	-0.7
	-1.5


3 Hopping pattern
We should design hopping pattern taking some requirements into account as follows: 

· No collision with LFDMA transmission without hopping in the same cells

· For this, LFDMA transmission without hopping and LFDMA transmission with hopping should be separated in frequency band or time slot. 

· No collision between hopped LFDMA transmissions and keeping single-carrier property in the same cells

· Frequency diversity

· Figure 1 is an example of hopping pattern. Two users, who are allocated different sizes of frequency resources, hop at subframe border and over HARQ retransmission keeping single carrier property and maximizing frequency diversity.

· Interference diversity

· Cell-specific hopping pattern for interference diversity between neighboring cells
· Figure 2 shows possible hopping pattern of a neighboring cell. Even though there are collisions between UEs in two cells at the initial transmission, the inter-cell interference can be randomized by hopping to different frequency resources via retransmissions or by hopping at the subframe border. 

[image: image1]
Figure 1 Example of hopping pattern

[image: image2]
Figure 2 Example of hopping pattern in a neighboring cell
4 Conclusion

In this contribution, we confirmed that both of intra- and inter-TTI hopping should be supported for LFDMA transmission and discussed some requirements to design hopping pattern.

References
[1] TR25.814, “Physical Layer Aspects for EUTRA”
[2] R1-050883, SAMSUNG, “Performance comparison between LFDMA and DFDMA transmission in UL”
Annex 1. Simulation parameter set
Table 3 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)


Annex 2. BLER performance
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Figure 3 TU3: the 1st transmission
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Figure 4 TU3: the 2nd transmission
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Figure 5 TU3: the 4th transmission
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Figure 6 TU30: the 1st transmission
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Figure 7 TU30: the 2nd transmission
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Figure 8 TU30: the 4th transmission
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