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[bookmark: _Ref521334010]Introduction
The Rel-16 URLLC SI started at the RAN1 #94NR Release 15 with preliminary discussions on scenarios, potential enhancements and evaluation assumptions to fairly evaluate Rel-15 features against the Rel-16 URLLC requirements. One of the objectives of the SID is to investigate potential enhancements to scheduling/HARQ/CSI processing timelines for both UE and gNB and for existing TTI durations. This contribution addresses these areas taking into account the prioritized use cases agreed in [1].
 
Discussion
HARQ processing timeline
In Rel-15 for any two HARQ process IDs A and B, if scheduled unicast PDSCH transmission for A is received before the scheduled unicast PDSCH transmission for B, a UE is not expected to be triggered to send the HARQ-ACK corresponding to B before that of A. For a UE supporting mixed mode (URLLC and non-URLLC) traffic, such out of order HARQ behavior may be required to meet the latency budget at least for bursty URLLC traffic. Therefore, this restriction should be relaxed in Rel-16.
Proposal 1: out of order HARQ processing restriction in Rel-15 should be relaxed for a UE supporting URLLC and non-URLLC traffic. 

Consideration of Rel-15 HARQ processing constraints
The Rel-15 UE capability #2 processing times were agreed in RAN1 #93 and #94 meetings under the following conditions
	· Non-CA
· Note: this does not preclude EN-DC
· Single numerology for PDCCH, PDSCH, and PUSCH for the serving cell
· PDSCH/PUSCH allocation with mapping Type A and Type B
· For PDSCH mapping type A with last PDSCH symbol ending in symbol ‘i' of a slot, where i < 7 
· N1 processing time is increased by (7-i) relative to the case where i=7.
· For PDSCH mapping type B with 4 or 2 symbols
· N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
· For a DCI received in a 3-symbol CORESET where first 2 symbols of CORESET are overlapped with 2-symbol PDSCH scheduled by this DCI, then d=3
· No UCI multiplexing
· For C-RNTI
· Note: The UE signals whether Capability #2 is supported for each SCS, and separately for uplink and downlink



The agreed UE capability #2 processing times are provided in 38.214 and are reproduced here for convenience in Table 1. 
Table 1UE processing capability 2
	

	N1
	N2
	N3

	0
	3
	5
	3

	1
	4.5
	5.5
	4.5

	2
	9 (FR1)
	11 (FR1)
	9



A first question is whether the N1/N2 processing times should be decreased given the 0.5-1ms latency requirement in Rel-16. This of course is one avenue worth pursuing in reducing latency as much as possible. Note also that additional symbol(s) would be added to the PUSCH preparation time if UCI is multiplexed on PUSCH.
[bookmark: _GoBack]On the other hand since it is sure to come with further UE capabilities not all URLLC UEs may support more stringent processing times. As such it is beneficial to consider another alternative such as to keep the current processing capabilities but consider further processing restrictions such as a reduction in the number of monitored PDCCH candidates. An example approach to cutting down number of blind decodes is to consider a group scheduling mechanism, wherein multiple UEs can be scheduled using a single GC-PDCCH as described in [2]. 

Proposal 2: as an alternative to further reduction in UE processing times consider other mechanisms such as restrictions in number of monitored PDCCH candidates.

Scheduling timeline
In Rel-15 HARQ-ACK timing is slot-based. For instance the set of HARQ-ACK timing values is {1, 2, 3, 4, 5, 6, 7, 8} slots for a PDSCH scheduled by DCI format 1_0, whereas it can be from a configured set of 8 values taken from the range {0 – 15} for DCI format 1_1. The granularity can be reduced from slot level to mini-slot level given the tight latency constraints of URLLC. For example, half-slot based granularity would allow HARQ-ACK timing in each half slot supporting two HARQ transmissions in a slot. 
In contrast Rel-15 scheduling timing supports flexible resource allocations at the mini-slot level for both PDSCH and PUSCH and no enhancements are necessary.  
Proposal 3: consider reduction in HARQ-ACK timing granularity to efficiently support URLLC.
Conclusion
This contribution discussed possible PHY enhancements to adequately support Rel-16 URLLC use cases. A few observations are as follows:
Proposal 1: out of order HARQ processing restriction in Rel-15 should be relaxed for a UE supporting URLLC and non-URLLC traffic. 
Proposal 2: as an alternative to further reduction in UE processing times consider other mechanisms such as restrictions in number of monitored PDCCH candidates.

Proposal 3: consider reduction in HARQ-ACK timing granularity to efficiently support URLLC.
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