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1 Introduction
In RAN1 #87 meeting, the following agreements and working assumption for 1ms TTI with shortened processing time were made [1]:

Agreement:
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.

· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared

· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI

· FFS: UE behaviour in case of n+3 and n+4 collision

· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing
This contribution discusses the handling of collisions between (n+4)-timing transmission and (n+3)-timing transmission for the same UE or the different UEs.
2 Handling collisions relating to the same UE
[image: image1.emf]0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9

Codebook size = 2 Codebook size = 1

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9

10ms

UE:Codebook size = 1

eNB: Codebook size =2

DTX

10ms

(a)

(b)


Figure 1 HARQ-ACK codebook size ambiguity within dynamic fallback

For dynamic fallback to legacy minimum timing (n+4), there can be some issues relating to the HARQ-ACK feedback. As shown in Figure 1, after dynamic fallback happens in subframe #3 and #4 with (n+4) timing, the (n+3) timing is resumed in subframe #5, the codebook size for HARQ-ACK in UL subframe #8 becomes different from other subframes. If the codebook size for HARQ-ACK is determined based on the UE reception of (E)PDCCH, ambiguity problem can occur when the UE misses one of the PDCCH in subframe #4 or subframe #5 and then the UE would believe the codebook size is 1 while the eNB assumes 2. 

To solve this ambiguity issue, two alternatives illustrated in Figure 2 can be considered:
· Alt-1: The codebook size is fixed, at least when dynamic fallback is supported.

· Alt-2: Scheduling restriction is applied. UE does not expect to receive a DCI with (n+3)-timing in a subframe that immediately follows a subframe where the same UE receives a DCI with (n+4)-timing. 
[image: image2.emf]0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9

“

fallback

”

 subframe

No scheduling with n+3

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9

10ms

Fixed codebook size = 2

DTX

(a) Alt-1

(b) Alt-2

codebook size = 1


Figure 2 Solutions for ambiguity (for FDD)
Because dynamic fallback to (n+4)-timing is agreed to be an infrequent event, Alt-1 may lead to a constantly inefficient HARQ-ACK feedback mechanism, while the scheduling restriction in Alt-2 should not have serious performance impacts, at least for FDD. For TDD, the solution could be more complicated than in FDD. If the timing designs in TDD similar to what are proposed in [2] are agreed, 
· For some given UL/DL configuration and some subframes in that UL/DL configuration, the (n+3) minimum processing timing and (n+4) minimum processing timing share the same PDCCH-to-ACK timing, for example, the subframes #1 and #6 in UL/DL configuration #1 have the same HARQ timing for both (n+3) and (n+4) minimum processing timing. In this case, no ambiguity occurs. 
· But for some other combinations of subframe and UL/DL configuration, the (n+3) and (n+4) minimum processing timing yield the different HARQ timing, which makes the ambiguity possible to happen. In this case, additional consideration should be taken into account.
Proposal 1: In FDD, UE does not expect to receive a DCI with (n+3) timing in a subframe that immediately follows a subframe where the same UE receives a DCI with (n+4) timing. 
· FFS the TDD case.
3 Handling collisions related to different UEs
When PUCCH format 1a/1b is configured for HARQ-ACK feedback, including HARQ-ACK multiplexing, HARQ-ACK bundling and PUCCH format 1b with channel selection, PUCCH resource collision may occur, in both FDD and TDD, between UE in legacy operation and UE in latency reduction operation, as shown in Figure 4. 
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Figure 4 Example of PUCCH resource collisions between UEs
To solve the issue of PUCCH resource collision between UEs, both implementation-based solution and specification-based solution can be considered. 

· For implementation-based solution, as shown in Figure 4(a), the eNB should guarantee that the CCE indices of PDCCH transmitted in subframe #1 and subframe #4 are different. Another implementation-based solution is that the UE with 1ms TTI latency reduction is configured with EPDCCH. By proper setting of ARO in EPDCCH, PUCCH resource collision can be avoided. As discussed in [3], ARO can be included in DCI format 1A when used with processing timing (n+3), it also provides a flexibility for PDCCH to handle the PUCCH resource collision issue.

· For specification based solution, a new PUCCH resource offset can be introduced for HARQ process in latency reduction operation. Because the PUCCH resource pools are not shared between legacy operation and latency reduction operation, there may be additional PUCCH overhead.  

Proposal 2: ARO based solution is used to solve the PUCCH resource collision between different UEs with different minimum processing timing.
4 Conclusion

According to the above analysis, we propose:
Proposal 1: In FDD, UE does not expect to receive a DCI with (n+3) timing in a subframe that immediately follows a subframe where the same UE receives a DCI with (n+4) timing. 
· FFS the TDD case.
Proposal 2: ARO based solution is used to solve the PUCCH resource collision between different UEs with different minimum processing timing.
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