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1. Introduction

Current working assumption for HARQ operation is asynchronous HARQ for downlink and synchronous HARQ for uplink, respectively. For downlink transmission, there will be a RV indication field in DL grant which indicates the RV for transmission. However, for uplink transmission, UL grant to indicate the RV for re-transmission is not always transmitted. To handle this situation, we should define RV to use when there is no UL grant. In this contribution, we investigate this aspect.
2. RV selection for re-transmission in case of no UL grant
In this section, we compare the performance of various RV sequences used for re-transmission. We assume that RV0 is used for the initial transmission. We show the simulation environments in table 1. In principle, it is desirable to fully get the IR gain by selecting a suitable RV. Therefore, we focus on the high coding rate to clearly show the effect of RV selection on the IR gain. We assume that the starting positions for RVs defined in the current specification are all used during four transmissions.
Table1. Simulation environments.

	System bandwidth
	5 MHz

	The number of RBs for PUSCH transmission
	2

	Modulation
	QPSK/16QAM/64QAM

	Channel estimation
	Real

	Channel model and Doppler frequency
	PA and 5 Hz

	Maximum number of transmissions
	4

	RV sequences to be used at each transmission ((RVa, RVb, RVc, RVd) means that RVa is used at the initial transmission, RVb at the second transmission, RVc at the third transmission, and RVd at the fourth transmission)
	RV0123: (RV0, RV1, RV2, RV3)
RV0132: (RV0, RV1, RV3, RV2)
RV0213: (RV0, RV2, RV1, RV3)
RV0231: (RV0, RV2, RV3, RV1)
RV0312: (RV0, RV3, RV1, RV2)
RV0321: (RV0, RV3, RV2, RV1)

	Payload size
	432/864/1296 bits (QPSK/16QAM/64QAM)

	Other parameters for SC-FDMA
	Based on TS 36.211 [1]

	Other parameters for channel coding
	Based on TS 36.212 [2]


The simulation results for high coding rate can be seen in Figure 1. 
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Figure 1 Performance according to various RV sequences for high coding rate. (a) QPSK (payload size 432 bits), (b) 16QAM (payload size 864 bits), and (c) 64QAM (payload size 1296 bits).
In figure 2, we show the result for low coding rate. In this case we assume that QPSK modulation and payload size of 216 bits. 
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Figure 2 Performance according to various RV sequences for low coding rate. (QPSK and payload size 216 bits)
The observations from the results are as follows:

· For high coding rate

· After the second transmission, the performance difference among different RV sequences is negligible at an FER of 1%. 

· We can get IR gain in the second transmission by selecting an RV which is not overlapped from the initially transmitted RV.
· In case of no UL grant, RV0213 or RV0231, can be good candidates as a pre-defined RV sequence until the fourth transmission.

· For low coding rate, we can see no performance difference depending on the RV selection.
From the observations, we can guess that there would be no performance difference among different RV sequences after the fourth transmission. One simple candidate of RV sequence after the fourth transmission would be to use simple repetitive RV sequences. 
3. Summary
In this contribution, we investigate the aspects of RV selection for uplink synchronous HARQ. It is necessary to define RV to be used in case of re-transmission without UL grant. From the result, RV does not have to be dependent on the initial coding rate and simple repetitive use of {RV0, RV2, RV3, RV1} or {RV0, RV2, RV1, RV3} can be good candidates for RV sequence. 
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