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1. Introduction

Currently, L-FDMA and D-FDMA are considered as two possible transmission modes of EUTRA uplink transmission [1]. Especially, LGE suggests applying only L-FDMA for EUTRA uplink data transmission with a possible frequency hopping per retransmission if necessary [2]. In RAN1 LTE ad hoc meeting in Cannes, there were discussions on frequency hopping in EUTRA uplink transmission, especially for the uplink traffics without frequency domain scheduling [3]. In general, there can be two hopping options, that is, hopping over retransmissions and hopping within a 1ms TTI. In this paper, we compare the gain of those options by link-level simulations.
2. Frequency hopping options
We classify the UL frequency hopping methods by two general options as follows. 
(Option 1) Frequency hopping over retransmissions
In this option, each initial transmission or retransmission is localized in frequency domain, but a packet is retransmitted using frequency band different from the previous initial transmission or retransmission. In this case, channel estimation may be performed by using reference signals on four SBs within a TTI.
(Option 2) Frequency hopping between two subframes within a 1 ms TTI (inter-subframe hopping)
In this option, frequency hopping is performed subframe by subframe within a 1ms TTI. Channel estimation in each subframe can be performed by using reference signals on two SBs within each subframe.
3. Link level simulation assumptions
We performed link level simulations for each option to get BLER for initial transmission and overall link level throughput. The following three options are considered, which are depicted in figure 1.

· No frequency hopping
· Frequency hopping over retransmissions
· Inter-subframe frequency hopping on top of frequency hopping over retransmissions

Both ideal and realistic channel estimations are considered. The simulation details are shown in table 1.
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(a) Without frequency hopping
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(b) Frequency hopping over retransmissions
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(c) Inter-subframe hopping in addition to frequency hopping over retransmissions
Figure 1. Simulated frequency hopping options
Table 1. Simulation parameters

	Parameters
	Value

	Number of simulation run
	80,000 TTIs

	Bandwidth
	5MHz

	TTI
	1.0ms

	Modulation & Channel coding
	QPSK (Turbo R=1/3), 16QAM (Turbo R=1/2) for intial Tx

	User traffic allocation
	Localized SC-FDMA

	Amount of resource used in data
	24,  72 subcarriers over 12 long blocks (1.0ms TTI)

	TB Size
	24 subcarriers: 192 (QPSK), 576 (16QAM)
72 subcarriers: 576 (QPSK), 1728 (16QAM)

	Channel model
	Typical Urban

	UE speed (km/h)
	3km/h

	Pilot channel allocation
	Every subcarrier within data transmission bandwidth in 4 short blocks

	Channel estimation
	Freq. domain: FFT based interpolation
Time domain: Averaging 4 short blocks without inter-subframe hopping, Averaging 2 short blocks with inter-subframe hopping

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	HARQ method
	Chase combining

	Maximum number of HARQ retransmissions
	4

	HARQ transmission interval
	6 TTIs


4. Link level performances

BLER of first transmission and link level throughput performances are shown in Figure 2~ 5. In the results, frequency hopping over retransmissions shows throughput gain around or within 1 dB compared with no hopping cases. Inter-subframe hopping in addition to the frequency hopping over retransmission adds a slight gain especially in a high SNR region. On the other hand, it reduces the throughput gain achievable by hopping over retransmissions in a low to middle SNR region. This is because, in case of inter-subframe hopping, only 2 SBs among 4 SBs in a TTI can be used for channel estimation in each subframe even when UE velocity is low. 
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Figure 2. 24 subcarriers, QPSK, R=1/3
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(a) BLER (first transmission)                                                    (b) Throughput

Figure 3. 24 subcarriers, 16QAM, R=1/2
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Figure 4. 72 subcarriers, QPSK, R=1/3
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Figure 5. 72 subcarriers, 16QAM, R=1/2
4. Conclusions

In this contribution, we showed uplink performance results for localized SC-FDMA with two frequency hopping options considering HARQ transmission. Based on the results, it is seen that frequency hopping over retransmissions provides throughput gain around or within 1 dB in most cases. It is also seen that inter-subframe frequency hopping within a TTI shows some additional throughput gain in a high SNR region, but it may reduce the throughput gain achievable by hopping over retransmission in a low to middle SNR region.

Even though the other aspects, such as complexity and compatibility with other uplink multiplexing schemes, should be evaluated further, the results of this paper could be basic information in considering frequency hopping schemes for EUTRA uplink transmission.
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