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1 Introduction
In last Seoul meeting, it was concluded that both intra- and inter-TTI frequency hopping (FH) will be supported in E-UTERA uplink localized transmission. The frequency hopping gains are confirmed in many contributions [1~4]. Intra-TTI FH has the merits of improved frequency and interference diversity, while it has the demerits of less channel estimate accuracy. Inter-TTI FH can provide improved channel estimate accuracy, since the 4 SBs in one TTI can be used in channel estimation. If inter-TTI FH is combined with adaptive HARQ operating, then the FH gain over retransmission is obtained without any additional overhead, therefore inter-TTI FH is adopted by most companies in Seoul meeting.
In [1], we provided link performance of intra-TTI and inter-TTI FH at the UE velocity of 30km/h. In which the channel estimation is performed over one subframe, but for no FH case and inter-TTI FH case the channel estimation can be performed over the entire TTI to enhance the accuracy of channel estimate. In this contribution, we further the work in [1] and provide a more complete evaluation of the frequency hopping schemes with proper channel estimation. Furthermore, the performance difference of intra-TTI and inter-TTI FH at different UE velocities (e.g., 3km/h and 30km/h) and under different payload size (e.g., 12 subcarriers occupied and 60 subcarriers occupied) are studied in this contribution.

2 Simulation Setup

The following 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. In the simulations, localized transmissions with four frequency hopping cases are evaluated.

· Case 1. No frequency hopping
In this case, the same frequency band is allocated to the two subframes in a TTI both for initial transmission and retransmission, as illustrated in figure 1(a). In this case, channel estimation is performed over the 4 reference signal (RS) short blocks in a TTI.
· Case 2. Intra-TTI frequency hopping
In this case, the FH is carried out between the two subframes in a TTI, as illustrated in figure 1(b). In this case, channel estimation is performed over the 2 RS short blocks of each subframe.

· Case 3. Inter-TTI frequency hopping
In this case, the two subframes in a TTI occupy the same frequency band, but different frequency bands are allocated to initial transmission and each retransmission, as illustrated in figure 1(c). In this case, channel estimation is performed over the 4 RS Short Blocks in a TTI..
· Case 4. Intra- and inter-TTI frequency hopping
This is a combination of Case 2 and Case 3. In this case, the two subframes in a TTI, initial transmission and each retransmission utilize different frequency bands, as illustrated in figure 1(d). In this case, channel estimation is performed over the 2 RS short blocks of each subframe.
Table 1 Simulation parameters

	Parameter
	Assumption

	Bandwidth
	5.0 MHz

	Carry Frequency
	2.0 GHz

	Channel Model
	Ray-6 TU

	Velocity
	3km/h, 30km/h

	Sampling Rate
	7.68 MHz

	RB Size
	12 subcarriers

	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 different frequency hopping schemes at the UE velocity of 3km/h and 30km/h are illustrated in Figure 2 to Figure 9 and in Figure 10 to Figure 17, respectively. Both Ideal Channel Estimation (ICE) results and Real Channel Estimation (RCE) results are included in the figures.
According to the simulation results we have the following observations:

1. Inter-TTI FH provides remarkable throughput gain at low to moderate SNR region at the UE velocity of 3km/h, but the gain fades at high SNR regions. At the UE velocity of 30km/h, inter-TTI FH does not provide any gain compared to no FH case, this is because that the HARQ retransmission delay is comparable to the coherence time of the channel model.

2. Intra-TTI FH decreases the throughput at low to moderate SNR region due to the reduced channel estimation accuracy. While it provides obvious throughput gain around the SNR region correspond to 10% initial BLER, this is the region in which we are interested in practice operating environment.
3. The throughput improvement is larger for very small payload size, e.g. 12 allocated subcarriers, than large payload size, e.g. 60 allocated subcarriers. Thus, frequency hopping is envisaged to be helpful for low rate services, e.g. VoIP.
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Figure 2. Initial BLER of QPSK, 12 Subcarriers, 3km/h
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Figure 3. Throughput of QPSK, 12 Subcarriers, 3km/h
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Figure 4. Initial BLER of 16QAM, 12 Subcarriers, 3km/h
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Figure 5. Throughput of 16QAM, 12 Subcarriers, 3km/h
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Figure 6. Initial BLER of QPSK, 60 Subcarriers, 3km/h
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Figure 7. Throughput of QPSK, 60 Subcarriers, 3km/h
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Figure 8. Initial BLER of 16QAM, 60 Subcarriers, 3km/h
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Figure 9. Throughput of 16QAM, 60 Subcarriers, 3km/h
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Figure 10. Initial BLER of QPSK, 12 Subcarriers, 30km/h
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Figure 11. Throughput of QPSK, 12 Subcarriers, 30km/h
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Figure 12. Initial BLER of 16QAM, 12 Subcarriers, 30km/h
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Figure 13. Throughput of 16QAM, 12 Subcarriers, 30km/h
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Figure 14. Initial BLER of QPSK, 60 Subcarriers, 30km/h
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Figure 15. Throughput of QPSK, 60 Subcarriers, 30km/h
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Figure 16. Initial BLER of 16QAM, 60 Subcarriers, 30km/h
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Figure 17. Throughput of 16QAM, 60 Subcarriers, 30km/h
4 Conclusions

Link performances of localized transmission with intra- and inter-TTI frequency hopping are evaluated in this contribution. The simulation results show that inter-TTI FH provides obvious throughput gain at low to moderate SNR region at UE velocity of 3km/h. But for UE velocity of 30km/h, since the channel correlation of initial transmission and retransmission with 6 HARQ process delay is very weak, inter-TTI (retransmission) FH provides little throughput gain. Anyway, considering the single carrier property of E-UTRAN uplink transmission, the frequency resource allocation must be continuous, so inter-TTI FH seems a reasonable way to avoids frequency fraction in uplink frequency allocation in case of HARQ retransmission.
Intra-TTI FH provides some throughput gain at high SNR region, but it is not so remarkable. Therefore, from the performance point of view, intra-TTI FH is not so worthy compared to the additional signaling overhead and increased complexity. But from the interference diversity point of view, intra-TTI FH is an attractive scheme. So, further evaluation should be carried out to compare the merits and costs of intra-TTI FH when taken it into account.
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