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1 Introduction
Major aspects of Un UL HARQ timeline were agreed during RAN1#61bis as shown below [1]:
· Support the following transmission timing in Rel. 10:

· If an UL grant is transmitted in subframe #k, the corresponding UL data transmission happens in subframe #(k+4)

· If DL data is transmitted in subframe #k, the corresponding UL ACK/NACK feedback is transmitted in subframe #(k+4)

· UL HARQ re-transmissions are synchronous w.r.t the HARQ process

· UL re-transmissions are transmitted in the subframe corresponding to the same UL HARQ process as the initial transmission

· The identification of UL HARQ processes is FFS until RAN1#62.

· UL HARQ process ID is not indicated by (R-)PDCCH
While it was agreed that Un UL HARQ is synchronous and process ID is not indicated by R-PDCCH, identification of UL HARQ processes is FFS, for a given Un UL HARQ RTT. In this contribution, we mainly discuss two alternatives for HARQ process identification.
2 Discussion
2.1 Un UL HARQ process identification
In Rel-8 UL HARQ operation，HARQ entity at the UE maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for HARQ feedback on the successful or unsuccessful reception of previous transmissions. At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the received HARQ feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process.
The above contents had reviewed Rel-8 specification on HARQ operation. After introducing RN in LTE-A, its basic principle of HARQ and Rel-8 is the same, except for some subframes cannot be used for Un UL link, for example #4 #8 #9 #3, which requires some changes in Un UL HARQ RTT. In the case of RTT of 8/16ms described in [2] [3], the total number of Un UL HARQ processes is eight. The remaining question is how to identify the process. There are two alternatives to identify the HARQ processes, each process associated with a process ID.
Alternative 1: A straightforward way is to apply the UL subframe number with modulo operation, for instance, process ID = mod (UL subframe number, 8), UL subframe number = 10 * SFN + UL subframe index. A simple example would be, assuming that the system frame number SFN is # 0 and subframe # 5 in this radio frame is configured as the Un UL subframe, the process ID can be determined as mod (10 * 0 +5,8) = mod (5,8) = 5. Similarly if the system frame number is # 2 and subframe # 1 in this radio frame as the Un UL subframe, the process ID is determined as mod (10 * 2 +1,8) = mod (21,8) = 5.
Alternative 2: Another way is to define the sets. Since #0, #4, #5, #9 subframes in each radio frame cannot be configured as Un downlink in FDD, #4, #8, #9, #3 in each radio frame cannot be assigned as Un UL subframes. Hence, there are only eight sets within 40ms period as shown below:
HARQ process set 0 = mod (UL subframe number, 40) = (0 16 32)
HARQ process set 1 = mod (UL subframe number, 40) = (1 17 25)
HARQ process set 2 = mod (UL subframe number, 40) = (2 10 26)
HARQ process set 3 = mod (UL subframe number, 40) = (5 21 37)
HARQ process set 4 = mod (UL subframe number, 40) = (6 22 30)
HARQ process set 5 = mod (UL subframe number, 40) = (7 15 31)
HARQ process set 6 = mod (UL subframe number, 40) = (11 27 35)
HARQ process set 7 = mod (UL subframe number, 40) = (12 20 36)
So there is a one to one mapping between the above set indices and process IDs. For instance, assuming that SFN is # 5,subframe # 6 in this radio frame is configured as the Un UL subframe, the corresponding, UL subframe number = 10*5+6 = 56, then, 56 mod 40 is16, the remainder 16 belongs HARQ process set 0. Similarly, when SFN is # 9, subframe # 5 in this radio frame as the Un UL subframe, the corresponding, UL subframe number = 10 * 9 +5 = 95. 95 mod 40 is 15. The remainder 15 belongs to HARQ process set 5.
2.2 Comparison of two alternatives under different RTT
There are three possible choices of Un UL HARQ RTT, e.g., 8/16ms, 10ms, variable RTT in [4]. In other words we need to choose an alternative that can be suitable for all RTT.
Table1: Comparison analysis
	
	alternative 1
	alternative2

	8/16ms RTT
	Available
	Available

	10ms RTT
	Available if alter 1 is modified
	Available

	variable RTT
	Not possible
	Difficult


The table 1 indicates comparison of two alternatives under different RTT. Here, the row 1 and column 1 corresponds to the case counted as case (row, column) = case (1, 1). Case (1, 1) and case (1, 2) have been introduced in section 2.1.
For case (2, 1), virtual process ID= mod (UL subframe number, 10), it can be seen as shown in below that the ID is not a continuous value. Taking 40ms cycle as a hypothesis, the IDs are as follows:
UL subframe number = (0 10 20 30), process ID = 0
UL subframe number = (1 11 21 31), process ID = 1

UL subframe number = (2 12 22 32), process ID = 2

UL subframe number = (5 15 25 35), process ID = 5

UL subframe number = (6 16 26 36), process ID = 6

UL subframe number = (7 17 27 37), process ID = 7

Case (2, 1) may be modified for continuous ID, i.e., ID = 5 or 6 or 7 is changed to ID = 3 or 4 or 5. For example,
temp ID = mod(UL subframe number,10)
0 <= temp ID <= 2, virtual process ID = temp ID+0

5 <= temp ID <= 7, virtual process ID = temp ID-2

UL subframe number = (0 10 20 30), temp ID = 0, process ID = 0
UL subframe number = (1 11 21 31), temp ID = 1, process ID = 1

UL subframe number = (2 12 22 32), temp ID = 2, process ID = 2

UL subframe number = (5 15 25 35), temp ID = 5, process ID = 3

UL subframe number = (6 16 26 36), temp ID = 6, process ID = 4

UL subframe number = (7 17 27 37), temp ID = 7, process ID = 5
However, case (2, 2) has no any problem and its principle is the same as case (1, 2).
For case (3, 1), modulo operation cannot be applied because of variable RTT. However, case (3, 2) would result in different remainder set correspond to the different Un SF configuration. In fact, the number of remainder sets is numerous if configuration cycle is 40ms..
3 Summary
In this presentation, we discuss how to identify the Un UL HARQ process. By comparing the different RTTs, we propose to identify UL HARQ processes by applying mod 40 operation to UL subframe number to get the remainder set which is indexed in the specification. 
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