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1. Introduction
At the RAN1#87 meeting, following agreements were achieved [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 behavior 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



In this contribution, we discuss collision handling between n+4 and n+3 for 1ms TTI with shortened processing time (sPT). 

2. Handling collisions between n+4 and n+3
Shortened processing time for 1ms TTI (n+3) should be configured for a UE by higher layers. This is useful to reduce U-plane latency especially for TCP slow start phase. On the other hand, application of shortened processing time limits the deployment scenario; for example, with (n+3), maximum allowable TA value becomes up to [0.067ms - 0.33ms] (still FFS) which is much shorter than that for legacy processing time (n+4). Therefore, scheduling/HARQ timing of n+4 without such additional TA limitation should still be possible even for the UE configured with n+3. Practically, common search space is not used for scheduling unicast PDSCH/PUSCH for a particular UE. Therefore, it is preferable to enable scheduling unicast PDSCH/PUSCH with n+3 or n+4 by using PDCCH in the UE-specific search space. However, the current agreement allows fallback to the timing of n+4 for the UE configured with n+3 only by using common search space to transmit scheduling DCI. One possible way is to utilize CRC masking [2]. The CRC masking is also applicable to indicate 1ms TTI or sTTI if the payload between DCI and sDCI is the same. 
For the change between n+4 and n+3 in consecutive 1ms TTIs, if the scheduling/HARQ-ACK feedback timing is fixed to n+4 or n+3, a loss of schedulable TTI is caused due to switching the timing. Figure 1 and Figure 2 illustrate the cases. For DL data scheduling, switching from n+4 to n+3 may lose one DL TTI; otherwise two HARQ-ACK feedbacks of one UE collide in the same TTI. Note that for different UEs with different timings, the timing collision is also unavoidable; therefore, eNB scheduler should avoid PUCCH resource collision for the same UE or between UEs with n+3 and with n+4. In order to do this, PUCCH resource should be indicated in explicit manner, e.g., by using ARI [2]. For UL data scheduling, there is no UL loss in case of switching from n+4 to n+3, while in case of switching from n+3 to n+4, one UL TTI will be lost; otherwise more than one UL grants are necessary for a given PDCCH/EPDCCH in a subframe. For different UEs with different timings, since PUSCH resource assignment is based on the resource allocation field in the DCI, eNB scheduler can avoid resource collision between UEs having different timings.
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(a) HARQ-ACK/PUSCH collision due to switching from n+4 to n+3 in DL/UL scheduling.
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(b) Need of multiple DCIs due to switching from n+3 to n+4 in UL scheduling.
Fig. 1	Problems due to switching between n+4 and n+3.

There are two possible approaches for addressing the above issues on shortened processing time for 1ms TTI;
Alt.1: No special handling and leave it up to eNB scheduler handling.
Alt.2: Support necessary mechanisms based on the enhancements for shortened TTI.
Since the shortened processing time for 1ms TTI is only for n+3, the loss of TTI due to switching is only one. Besides, as was already captured in the agreements, switching between n+3 and n+4 will not be much often. Therefore, just leaving up to eNB scheduler might be sufficient as proposed in the above Alt.1. 
On the other hand, the same issue exists for shortened TTI, in which case the loss of scheduling opportunities will not be marginal compared to the case of shortened processing time for 1ms TTI. Furthermore, compared to shortened processing time for 1ms TTI, shortened TTI may require further applicable scenario limitation (e.g., UL coverage is obviously shorter even without taking into account TA limitation) and hence, the switching may be more frequent. Therefore, certain mechanisms to enable scheduling the TTI/sTTI between switching should be supported for shortened TTI. Therefore, another approach is to adopt the same mechanisms for shortened processing time for 1ms TTI and shortened TTI for handling the TTI/sTTI between switching.
Proposal 1:
· RAN1 to adopt either Alt.1 or Alt.2.
· Alt.1: No special handling for loss of schedulable TTI at the switching timing and leave it up to eNB scheduler handling.
· Alt.2: Support necessary mechanisms to enable scheduling TTI at the switching timing based on the enhancements for shortened TTI.

Note that the fallback from n+3 to n+4 is done by using PDCCH in the common search space. If the timing fallback is only DL or only UL, the scheduling/HARQ operation becomes much complicated, while the gain is quite unclear. Therefore, we propose to confirm that the timing fallback is jointly applied to both DL and UL; not only DL or only UL.
Proposal 2:
· RAN1 to confirm that timing fallback operation is jointly applied to both DL and UL.

3. Conclusion
In this contribution, we discussed collision handling between n+4 and n+3, and reached the following proposals:
Proposal 1:
· RAN1 to adopt either Alt.1 or Alt.2.
· Alt.1: No special handling for loss of schedulable TTI at the switching timing and leave it up to eNB scheduler handling.
· Alt.2: Support necessary mechanisms to enable scheduling TTI at the switching timing based on the enhancements for shortened TTI.
Proposal 2:
· RAN1 to confirm that timing fallback operation is jointly applied to both DL and UL.
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