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1 Introduction

In this contribution, we investigate the performance of frequency hopping for L-FDMA Uplink. We compare the diversity gain that can be obtained from various schemes such as Intra-subframe, Inter-subframe and Intra+inter subframe hopping schemes when HARQ is applied.

The motivation is to obtain a fair comparison of performance of these schemes and suggest a way forward for which scheme should be adopted for the L-FDMA Uplink.  

2 Simulation Results
The simulation assumptions are shown on Table 1. 

Table 1: Simulation Parameters
	Parameters
	Values

	Carrier Frequency
	2GHz

	Transmission Bandwidth
	20 MHz

	Modulation 
	QPSK  and 16QAM 

	Channel coding
	LTE Turbo-code, ½ rate.

	RateMatching and Interleaving
	Latest LTE RateMatching and UL Interleaving (i.e. time-first mapping prior DFT precoding)

	HARQ method
	IR

	Max. number of HARQ retransmissions
	3 

	HARQ retransmission interval
	6 TTIs (6ms)

	HARQ ACK/NACK decoding error rate
	0 (Ideal)

	Subframe length
	1ms (with 2 slots)

	Frequency hopping pattern
	Pseudo-random

	Channel Estimation 
	Real CE.

	Channel Model
	EPA3 and EVA120, reference [8].

	Number of antennas
	1Tx and 2Rx (MRC combining)

	Transport Block size per TTI
	Only 1RB is assigned to the UE per TTI


Hopping Schemes:

Intra-subframe hopping:  UE is assigned to 1RB over two distant slots at the edges of the bandwidth, RB index 0 and 99 for slots 1 and 2 respectively. First transmission and retransmissions use the same resources (RB index 0 and 99). Time-domain interpolation is not possible in the channel estimations.
Intra+inter subframe hopping:  UE is assigned to 1RB over two distant slots, 1st slot is randomly generated and 2nd slot has a fixed offset from the 1st slot, 50RB offset was used in the simulations. Retransmissions are generated in a similar fashion as first transmission and use different resources. Time-domain interpolation is not possible in the channel estimations.
Inter subframe hopping: UE is assigned to 1RB over a subframe (i.e. two contiguous slots) which is randomly generated. Retransmissions are generated in a similar fashion as first transmission and use different resources. Time-domain interpolation is used in the channel estimations.

No Hopping: UE is assigned to 1RB over a subframe (i.e. two contiguous slots). First transmission and retransmissions always use the same resources. Time-domain interpolation is used in the channel estimations.

The simulation results are shown in Figure 1 and 2 for QPSK and 16QAM respectively for slow speed of 3kmph with HARQ transmissions. It can be seen that Intra-subframe and Intra+inter subframe hopping have similar performance and show a gain of approximately 0.6dB and 0.9dB at 
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 BLER for QPSK and 16QAM respectively over Inter subframe hopping.  

Further more, Figure 3 and 4 show results for QPSK and 16QAM respectively for high speed of 120kmph. It can be seen that Inter subframe hopping outperforms significantly than Intra-subframe and Intra+inter subframe hopping. The main reason is that Inter-subframe hopping applies a time-domain interpolation which improves significantly the channel estimation at high speed.
These performance results suggest that at low speed Intra-subframe hopping is beneficial but at high speed it is harmful because it prevents the use of time-domain interpolation, which is essential to maintain acceptable performance at high speed. Therefore, we have two options:
1) Switch Intra-subframe hopping on and off depending on the UE's speed.
2) Never use Intra-subframe hopping.
So, it is up to RAN1 to decide which hopping scheme should be adopted for the L-FDMA Uplink. However, it is to be noted that the Inter subframe hopping will provide an inter-cell interference randomisation through hopping of the first transmission as well as retransmissions for LTE system. In addition, Inter-subframe provides simple multiplexing of different UEs within the subframe while Intra-subframe does not do. 
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Figure 1. BLER performance of QPSK ½ rate at 3km/h.
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Figure 2. BLER performance of 16QAM ½ rate at 3km/h.
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Figure 3. BLER performance of QPSK ½ rate at 120km/h.
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                 Figure 4. BLER performance of 16QAM ½ rate at 120km/h.

3 Conclusions

In this contribution, we have investigated the performance of frequency hopping for L-FDMA Uplink. We have compared the diversity gain that can be obtained from various schemes such as Intra-subframe, Inter-subframe and Intra+inter subframe hopping schemes when HARQ is applied.

The performance results suggest that at low speed Intra-subframe hopping is beneficial but at high speed it is harmful because it prevents the use of time-domain interpolation, which is essential to maintain acceptable performance at high speed. 
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