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1. Introduction

For UL HARQ process, three mapping relations should be defined, including mapping relation between the UL grant and the UL data, the relation between the UL data and associated DL ACK and the relation of retransmission between the NACK or UL grant. 

On UL HARQ process, it has been agreed in [1] that
· The UE shall respond to an UL scheduling grant on PDCCH or ACK/NACK on PHICH in DL subframe n in UL subframe n+k, with k>3. This allows for at least 3ms – RTT processing time in the UE.

· The eNodeB shall respond to an UL transmission in subframe n in DL subframe n+k, with k>3. This allows for at least 3ms eNodeB processing time.
In this contribution, based on the principle to minimize the latency and balance the PHICH payload, an example of UL HARQ timing scheme is presented and some design criteria are proposed. 
2. Discussion
For TDD, the timing of UL HARQ depends on the asymmetry, since there is no one-to-one correspondence between DL and UL subframe as in FDD.
· When configuration is 3/1, 6/3, 7/2 or 8/1

For the DL/UL configurations of 3/1, 6/3, 7/2 and 8/1, simple timing same as FDD can be constructed, the latency is minimized:

· The UL grant on PDCCH in DL subframe n triggers the UL data transmission in UL subframe n+4.
· The eNodeB responds to an UL transmission in subframe n in DL subframe n+4.
For those configurations, there are two options to define the timing:
· Option 1: the UL grant and PHICH may be transmitted in the different DL subframe.
· Option 2: the UL grant and PHICH are transmitted in the same DL subframes.
The option 1 is preferred, because that:

· There will be more time for scheduler to process the UL scheduling.
· Shorter transmission latency: For example, the configuration is 8:1 as shown in figure 1, the UL scheduling requests in subframe #5,6 can be scheduled in this frame in option 1, but the UL scheduling requests in subframe #5,6 have to be scheduled in next frame for option 2. 
· The signaling payload is more balance.   
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Figure 1. two options of UL HARQ timing for the configuration 8DL/1UL
Proposal 1: the UL grant should be assigned as close as possible to the UL subframe, independent of the ACK/NACK timing.
· When configuration is 2/2

For the configuration of 2DL/2UL, the timing of UL HARQ is subframe-specific, the UL HARQ timing is shown in figure 2.
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Figure 2. UL HARQ timing for the configuration 2DL/2UL
Proposal 2: the timing of UL HARQ is subframe-specific when there are more DL subframes than UL, for some DL subframes, there may be no UL grant or ACK/NACKs.

· When configuration is 3/5

For the configuration of 3DL/5UL, the timing of UL HARQ is also subframe-specific, there are two options as shown in figure 3 and 4.

[image: image3.emf]1 A

2

3 A 3

2

5 A G 5

A

1

4 A 4

2 1 S 3 5 4

#5

S 2 1 S 3 6 4

#5

S 2 1 S 3 5 4

#5

S

6 A G 6

6 4 S


Figure 3. UL HARQ timing for the configuration 3DL/5UL(option 1)
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Figure 4. UL HARQ timing for the configuration 3DL/5UL(option 2)

For option 1, the RTTs are all multiple of 5ms as same as the other configurations, which means that the retransmission happens at the same position with the initial transmission. We prefer to design the timing for pattern 1/3 and 3/5 based on the same rule: RTT is multiple of 5ms, thus we may get a more common pattern definition for all configurations and the descriptions in TS may be shorter. 
Proposal 3: the RTT of UL HARQ is multiple of 5ms, which means that the retransmission happens at the same position with the initial transmission. 

· When configuration is 1/3
For the configuration of 1DL/3UL, the timing should be the same to avoid blocking, which is independent on multi-TTI scheduling or single TTI scheduling. Similar to 3/5, there are also two options, which are shown in figure 5 and 6. According to the proposal 3, the option 1 is preferred.
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Figure 5. UL HARQ timing for the configuration 1DL/3UL(option 1)
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Figure 6. UL HARQ timing for the configuration 1DL/3UL(option 2)

Proposal 4: the timing definition is independent of multi-TTI scheduling or single TTI scheduling.
3. Conclusion
The proposals above are re-written as follow:
1. The UL grant should be assigned as close as possible to the UL subframe, independent of the ACK/NACK timing.

2. The timing of UL HARQ is subframe-specific, when there are more DL subframes than UL, for some DL subframes, there may be no UL grant or ACK/NACKs.

3. The RTT of UL HARQ is multiple of 5ms, which means that the retransmission happens at the same position with the initial transmission. 

4. The timing definition is independent of multi-TTI scheduling or single TTI scheduling.
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