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1. Introduction

In RAN#81, the updated study item description on physical layer enhancements for NR URLLC was approved with the following objectives [1]:
	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)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)
The following items have been identified to have relationship with URLLC but are covered in other study items and will not be studied as part of this SI:

· Multi-TRP transmission 

· Mobility improvements for higher reliability

· Beam Management

· Time Sensitive Networking related enhancements

· UL/DL intra-UE prioritization/multiplexing


In this contribution, we discuss several discussion points regarding scheduling/HARQ processing timeline enhancement techniques to be studied from RAN1 point of view. 
2. Enhancements to scheduling/HARQ processing timeline

	5.1
UE procedure for receiving the physical downlink shared channel

For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-processesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.

A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i.
6.1
UE procedure for transmitting the physical uplink shared channel

PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or semi-statically configured to operate according to Subclause 6.1.2.3 and according to Subclause 5.8.2 of [10, TS 38.321] upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI, or configurdGrantConfig not including rrc-ConfiguredUplinkGrant semi-persistently scheduled by an UL grant in a DCI after the reception of higher layer parameter configurdGrantConfig not including rrc-ConfiguredUplinkGrant.
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.


Considering the UE with mixed type of traffics having various latency/reliability requirements (e.g., eMBB and URLLC), it would be beneficial if out-of-order HARQ-ACK/scheduling are allowed. According to rel-15 TS38.214 as in the table above, out-of-order HARQ-ACK and out-of-order scheduling are disallowed to facilitate easier UE implementation. However, if out-of-order HARQ-ACK is supported, then gNB can schedule urgent URLLC DL traffic without waiting the HARQ-ACK feedback of eMBB scheduled earlier. Analogously, if out-of-order PUSCH scheduling is supported, gNB can schedule urgent URLLC UL traffic without waiting the eMBB PUSCH scheduled earlier. In this sense, we think that at least out-of-order HARQ-ACK/scheduling needs to be allowed.  
Proposal 1: Allowing out-of-order HARQ-ACK and out-of-order PUSCH scheduling can be considered.

· For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE can expect to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i
· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, the UE can expect to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B
According to rel-15 NR UE capability, a UE reports PDSCH/PUSCH processing capability as “X” and “fallback” per band per numerology. Only when all carriers are self-scheduled and all capability#2 carriers in a band are of the same numerology, the UE can support capability#2 processing time on all configured carriers if the number of configured carriers is not more than X, otherwise the UE supports capability#2 processing time on the lowest cell index carrier in the band if “fallback” indicates ‘SC’ and the UE supports only capability#1 processing time in the band if “fallback” indicates ‘Cap1-only’. In case gNB configures more carriers than X in a certain band, then the UE may not be able to support capability#2 processing time in the band at all depending on UE capability, which may imply that URLLC operation cannot be well supported in the band. For supporting URLLC, such configuration should be avoided by gNB. 
Proposal 2: For supporting URLLC, CA configurations inducing no support of capability#2 processing time should be avoided.

3. Conclusions

In this contribution, we discussed several aspects on scheduling/HARQ processing timeline enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:

Proposal 1: Allowing out-of-order HARQ-ACK and out-of-order PUSCH scheduling can be considered.

· For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE can expect to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i

· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, the UE can expect to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B

Proposal 2: For supporting URLLC, CA configurations inducing no support of capability#2 processing time should be avoided.
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