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1 Introduction
In this contribution, we present our views on potential enhancements related to DL/UL data scheduling and HARQ operations towards achieving the objectives for Rel-16 studies on URLLC, including potential enhancements to minimum UE processing times for DL HARQ and UL scheduling, support of out-of-order HARQ and UL scheduling, enhancements to CSI processing times, etc. Discussion on other topics for eURLLC enhancements can be found in our companion contributions [1]-[5].
2 Minimum UE processing times for PDSCH processing and PUSCH preparation
In Rel-15, two sets of capabilities for PDSCH processing and PUSCH preparation were specified as Capabilities #1 and #2. Also, for CSI computation, minimum processing times were defined under various conditions. 
While the minimum processing times specified in NR are already significantly improved compared to their counterparts in LTE, further reduction in the minimum processing times, if feasible, may offer additional benefits in terms of improved HARQ-based operation (by realization of shorter TTIs), improved scheduling and multiplexing of different channels and signals (no need to schedule too far into the future), more up-to-date CSI feedback, etc.
At least for PDSCH processing (N1) and PUSCH preparation (N2) times, the currently specified Capability #2 numbers may be considered as the starting point. While there may not be a significant room to reduce the minimum processing times across the board, RAN1 could further study specific cases with room for further improvement. In this regard, it should be considered that most of the latency-critical use cases and analyses inherently consider relatively short data channel durations. 
For PUSCH preparation times (N2), there is no dependency on the duration of the scheduled PUSCH. However, for PDSCH with short durations, additional margins are provisioned in consideration of the very limited time the UE may have in “catching-up” from the initial delay incurred due to the time needed for decoding of the scheduling DCI and channel estimation and demodulation efforts prior to decoding. Such margins are quite necessary in facilitating practical UE implementation and have been carefully factored in during Rel-15 specification development. However, for some cases, the margins can be seen to leave room for further improvement – a primary example is the case of PDSCH mapping type A with short durations. 
For PDSCH mapping type A with durations 3 to 6 symbols, effectively additional symbols are added to the nominal N1 value such that the PDSCH end is aligned with symbol #6 of a slot. For short PDSCH allocations (3~4 symbols) with mapping type A starting from symbols #0 or #1, this implies a significant additional delay incurred. From a UE processing time perspective, as long as there is sufficient consideration on the DMRS position, additional margin may not be essential. 
Another case that leaves room for improvement and is quite relevant to URLLC operation is that of 60 kHz SCS, wherein the values for Capability #2 leave some room for improvement. Such enhancements could apply to both the N1 and N2 values. 
For PUSCH preparation times (N2), the current Capability #2 numbers also leave some room for possible improvement for lower SCS values. A reduction by approximately a symbol duration can benefit in a non-negligible manner the worst-case latency performance as well as in cases with small TA usage.

Further considerations on reducing UE minimum processing times should be considered once the scope of enhancements to physical channels attains better clarity and the exact benefits from possibly marginal reduction from the current Capability #2 values are established.
Proposal 1:
· Study potential enhancements (reduction) to minimum processing times for PDSCH processing and PUSCH preparation procedures considering Capability #2 as the starting point. 
Proposal 2:
· Focus study on identifying specific cases and configurations as suitable candidates for potential reduction in processing times that may yield meaningful benefits towards meeting URLLC requirements, including the following:
· Minimum processing times for PDSCH with mapping type A and short durations
· Minimum processing times for PDSCH and PUSCH for 60 kHz SCS
· Minimum processing times for PUSCH preparation for 15 and 30 kHz SCS
3 Support of out-of-order scheduling and HARQ
Towards simplifying the UE implementation, out-of-order HARQ (for PDSCH) and scheduling (for PDSCH and PUSCH) are not supported in Rel-15 NR. It has been suggested that such flexibility can be beneficial considering URLLC use cases – especially considering UEs with traffic belonging to a mixed set of latency and reliability requirements. 
This issue is strongly correlated to the handling of intra-UE multiplexing that is currently under initial discussions in RAN2. While it can be expected that RAN1 would need to study the details related to the support of out-of-order HARQ and out-of-order PUSCH scheduling, it may be more efficient to see the outcome of the initial discussions in RAN2 to have a clear scope of the different scenarios for scheduling/HARQ operation that may need to be considered.
For out-of-order scheduling, the primary focus should be for PUSCH scheduling as the use case of deferring a PDSCH (using a large k0 value) and then scheduling another PDSCH in an out-of-order fashion is unclear.
Currently, in Rel-15, the UE also does not expect to be scheduled with a PDSCH or PUSCH with the same HARQ PID as that of another PDSCH or PUSCH (respectively) until the HARQ-ACK feedback or the PUSCH (respectively) transmission time corresponding to the earlier PDSCH or PUSCH. In our view, this already falls under reasonable scheduling behavior expected in typical networks and support of the cases wherein a UE may expect multiple scheduling of PDSCHs (or PUSCHs) for the same HARQ PID prior to HARQ-ACK feedback (or PUSCH transmission) occasion offers unclear benefits while complicating UE implementation in handling HRQ buffers (both for DL and UL) significantly. Studies towards supporting such flexibility need not be pursued unless clear advantages are demonstrated.

Proposal 3:
· Study further on the details of supporting out-of-order HARQ (for PDSCH) and out-of-order scheduling (for PUSCH) in the context of intra-UE multiplexing.
4 Enhancements to processing times for A-CSI feedback 
Regarding CSI computation times, beyond the possible path of reducing currently specified processing times, new characterization of CSI computation times may be needed in light of potential enhancements to CSI feedback triggering and reporting mechanisms. However, while the benefits from a very fast CSI feedback for fast adaptation for retransmission scheduling may be limited in practice, such enhancements can severely increase the UE complexity. 
Supporting very fast CSI feedback, e.g., triggered by a NACK to a PDSCH reception and with similar processing times as HARQ-ACK feedback without consideration of CSI reporting, can incur significant burden on UE complexity. At the same time, such a feature is unlikely to bring material benefits to URLLC operation considering the fact that, even when assuming a HARQ-retransmission-based operation, the initial BLER should still be quite low to meaningfully impact overall latency/reliability performance and resource utilization. The real benefits on top of outer-loop link adaptation and from “fine-tuned retransmission scheduling” are questionable at best. In addition, in order to make such tight CSI feedback feasible it has been suggested to consider PDSCH/PDCCH DMRS-based CSI feedback. This essentially offers a “fast but coarse” CSI feedback that is unlikely to be very useful towards realizing the objective of optimized scheduling of a retransmission. 
For URLLC operations, robust scheduling is of utmost importance and it is unclear as to how much real benefits can be realized from rare (e.g., triggered by a NACK) instances of a coarse CSI feedback. 

Observation 1:
· Benefits of supporting a fast CSI feedback, triggered by failed reception of scheduled PDSCH are unclear and may not be warranted considering the impact to UE complexity and specification efforts.
5 Conclusions
In this contribution, we discussed potential enhancements to scheduling/HARQ/CSI processing times and DL/UL scheduling and HARQ operation to support new URLLC use cases. The following proposals and observation are made based on the presented discussion:
Proposal 1:
· Study potential enhancements (reduction) to minimum processing times for PDSCH processing and PUSCH preparation procedures considering Capability #2 as the starting point. 
Proposal 2:
· Focus study on identifying specific cases and configurations as suitable candidates for potential reduction in processing times that may yield meaningful benefits towards meeting URLLC requirements, including the following:
· Minimum processing times for PDSCH with mapping type A and short durations
· Minimum processing times for PDSCH and PUSCH for 60 kHz SCS
· Minimum processing times for PUSCH preparation for 15 and 30 kHz SCS
Proposal 3:
· Study further on the details of supporting out-of-order HARQ (for PDSCH) and out-of-order scheduling (for PUSCH) in the context of intra-UE multiplexing.
Observation 1:
· [bookmark: _GoBack]Benefits of supporting a fast CSI feedback, triggered by failed reception of scheduled PDSCH are unclear and may not be warranted considering the impact to UE complexity and specification efforts.
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