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Introduction
In the RAN#80, the scope for URLLC work for Rel-16 is endorsed and the following is included: 
· URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified,
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
In this contribution, we show our views on enhancements to scheduling/HARQ processing timeline.
Discussion
Based on the agreements made in Rel-15 NR, the following scheduling/HARQ timelines are not expected by UE. These restrictions are due to not only UE processing capability but also HARQ-ACK feedback scheme in Rel-15. However, to satisfy the latency requirement of URLLC, the limitations on scheduling and HARQ-ACK feedback in NR Rel-15 should be released.
· Case 1: DCI 1 is transmitted before DCI 2, UE does not expect PDSCH 2/PUSCH 2 corresponding to DCI 2 is before PDSCH 1/PUSCH 1 corresponding to DCI 1, as shown in Figure 1. With such limitation, once cross slot scheduling is used for eMBB, the latency of URLLC transmission will be significantly increased. Therefore, we propose that the later grant can cancel/stop the PDSCH/PUSCH scheduled by the previous grant.


Figure 1. Rel-15 restricted scheduling/HARQ case 1
Proposal 1: PDSCH/PUSCH scheduled by the later grant can cancel/stop the PDSCH/PUSCH scheduled by the previous grant.

· Case 2: PDSCH 1 is transmitted before PDSCH 2, UE does not expect PUCCH 2 corresponding to PDSCH 2 is before PUCCH 1 corresponding to PDSCH 1, as shown in Figure 2. In order to reduce the PUCCH overhead, HARQ-ACK multiplexing should be used as much as possible for eMBB, and larger K1 will be frequently used for eMBB. With such limitation, the latency of HARQ-ACK feedback for URLLC will be significantly increased. On the other hand, if massive PUCCH overhead can be expected, i.e. eMBB follows the same HARQ timing requirement as URLLC. Therefore, we propose that UE can skip decoding some PDSCH(s) scheduled by previous DCI(s), when the HARQ-ACK corresponding to the later DCI is fed back before the HARQ-ACK corresponding to the previous DCI(s). Furthermore, the later grant can cancel/stop the PUCCH corresponding to the previous DCI(s).


Figure 2. Rel-15 restricted scheduling/HARQ case 2
Proposal 2: UE can skip decoding some PDSCH(s) scheduled by previous DCI(s), when the HARQ-ACK corresponding to the later DCI is fed back before the HARQ-ACK corresponding to the previous DCI(s).
Proposal 3: PUCCH corresponding to the later grant can cancel/stop the PUCCH corresponding to the previous grant.

· Case 3: A UL grant is transmitted to schedule PUSCH in slot n, UE does not expect a DL grant whose corresponding HARQ-ACK is transmitted in slot n is after the UL grant. Similar as case 2, the latency of HARQ-ACK feedback for URLLC will be significantly increased for case 3. The following methods can be considered [1]:
· Method 1: Simultaneous transmissions of PUCCH and PUSCH
· Method 2: PUCCH scheduled by later DCI can cancel/stop the PUSCH scheduled by previous DCI.
· Method 3: If UE can distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to URLLC should puncture the PUSCH. Separate eMBB and URLLC HARQ-ACK codebook mapping is supported.
· Method 4: If UE cannot distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to PDSCH(s) after the UL grant should puncture the PUSCH.


Figure 3. Rel-15 restricted scheduling/HARQ case 3
Proposal 4: PUCCH corresponding to the later grant can cancel/stop the PUSCH scheduled by previous DCI.
Proposal 5: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Conclusions
In this contribution, we show our views on enhancements to scheduling/HARQ processing timeline with following proposals:
Proposal 1: PDSCH/PUSCH scheduled by the later grant can cancel/stop the PDSCH/PUSCH scheduled by the previous grant.
Proposal 2: UE can skip decoding some PDSCH(s) scheduled by previous DCI(s), when the HARQ-ACK corresponding to the later DCI is fed back before the HARQ-ACK corresponding to the previous DCI(s).
Proposal 3: PUCCH corresponding to the later grant can cancel/stop the PUCCH corresponding to the previous grant.
Proposal 4: PUCCH corresponding to the later grant can cancel/stop the PUSCH scheduled by previous DCI.
Proposal 5: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
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