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1 Introduction

In LTE uplink, it is currently assumed that both distributed and localized FDM are allowed for data transmission. In previous meetings, several contributions provided the performance comparison of distributed transmissions (DFDM) and localized transmissions with frequency hopping (LFDM-FH) [1~4]. Results of these documents indicate that in cases when channel dependent scheduling is difficult, e.g., high speed UE or VoIP services, localized transmissions (LFDM or LFDM-FH) are preferable to distributed transmission at around 10% BLER point. This is because that better channel estimation gain is preferable to frequency diversity gain at BLER around 10%, and frequency hopping can also provides additional diversity gain.

In Tallinn meeting, the new TTI length was determined to be 1.0ms (2 sub-frame). It is asked for further evaluating the performance of intra-TTI frequency hopping with this new TTI length. In this contribution, we provide further link performance of LFDM with frequency hopping under the latest TTI length. The frequency hopping gain for very small payload services, i.e. VoIP traffic, is included. Both the intra-TTI frequency hopping and HARQ retransmission hopping are simulated in the simulations.
2 Simulation Setup

The simulations are performed based on the numerologies defined in TR 25.814 [5]. Table 1 outlines the simulation assumptions and table 2 summaries the MCS schemes and corresponding transmission block size. The channel estimation is based on each subframe, and no inter-subframe interpolation is employed.

In the simulations, the TTI length is set to 1.0ms. Localized transmissions with two frequency hopping models are simulated: 
· Intra-TTI (Inter-subframe) frequency hopping 
· Intra-TTI frequency hopping and retransmissions frequency hopping 
The frequency hopping patterns in different models are illustrated in Figure 1.
Table 1 Simulation parameters

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carry Frequency
	2.0 GHz

	Channel Model
	Ray-6 TU

	Velocity
	30km/h

	Sampling Rate
	7.68 MHz

	RB Size
	12 subcarrier

	TTI length
	1.0 ms

	Antenna Configuration
	1 Tx, 2 Rx

	Channel Estimation
	Least Square (FFT)

	Equalizer
	FDE-LMMSE

	HARQ combining method
	Chase combining

	HARQ transmission times
	4

	HARQ process number
	6


Table 2 MCS parameters
	Modulation
	Code Rate
	TB Size
	# of Allocated

Subcarriers

	QPSK
	r=1/2
	140
	12

	
	
	716
	60

	16QAM
	r=1/2
	284
	12

	
	
	1436
	60
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Figure 1. Frequency Hopping Pattern
3 Simulation Results

The link level performance of LFDM, LFDM with intra-TTI and retransmission frequency hopping are illustrated in Figure 2 to Figure 9. Both Ideal Channel Estimation (ICE) results and Real Channel Estimation (RCE) results are included in the figures.

According to the simulation results, it is shown that intra TTI frequency hopping achieves about 1.0dB gain over localized transmission without FH at 10% BLER both for ideal and real channel estimation. Intra-TTI frequency hopping provides about 6% throughput gain compared to no frequency hopping transmission at the operating point of around 10% BLER. The throughput improvement is slightly larger for very small payload traffic size, i.e. 12 allocated subcarriers, than large payload traffic size, i.e. 60 allocated subcarriers. However, HARQ retransmission frequency hopping has little throughput gain at the normal working point of around 10% BLER 
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Figure 2. Initial BLER of QPSK, 12 subcarriers
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Figure 3. Throughput of QPSK, 12 subcarriers
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Figure 4. Initial BLER of 16QAM, 12 subcarriers
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Figure 5. Throughput of 16QAM, 12 subcarriers
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Figure 6. Initial BLER of QPSK, 60 subcarriers 
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Figure 7. Throughput of QPSK, 60 subcarriers
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Figure 8. Initial BLER of 16QAM, 60 subcarriers
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Figure 9. Throughput of 16QAM, 60 subcarriers
4 Conclusions

In this contribution, link performance of localized transmission with intra TTI frequency hopping and HARQ retransmission hopping are evaluated. The simulation results show that intra TTI frequency hopping can improve the link performance and enhance the throughput obviously with the new TTI length, while frequency hopping over HARQ retransmission does not have any throughput improvement in the operating point of around 10% BLER. From the performance point of view, localized transmission with intra TTI frequency hopping is a possible uplink diversity transmission scheme. However, we must keep in mind that intra TTI frequency hopping may need additional signaling overhead, which should be evaluated carefully when taking intra TTI frequency hopping into account.
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