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Discussion
1      Introduction
In RAN #83, a new work item “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)” was approved for Rel-16 [1]. The objectives of this new work item include:
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
In last RAN1 meeting, the following were agreed.
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.

Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.

· FFS the exact signaling method

· FFS the exact DCI format(s)

· FFS the exact mechanism to enable or disable

· FFS the DCI activating type 2 configured grant PUSCH

In this contribution, we give our views on the potential enhancements to PUSCH.
2      Discussion
As captured in TR 38.824 [2], for PUSCH enhancements, it is recommended to support enhancements for both grant-based PUSCH and configured grant based PUSCH in Rel-16, to enable one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. 
Candidate solutions are as shown in section 6.3 in [2]. During the study item, originally two major solutions were proposed:
· Option 1 (Mini-slot level repetition): One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots

· Option 2 (Multi-segment transmission): One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations

In RAN1 #96 meeting, additional solutions were proposed, i.e. option 4, 5, 6. It is concluded to finalize the details regarding how to use “option 1” vs. “option 2” during the work item phase using option 4, 5 and 6 as shown in section 6.3 in [2] as a starting point.
Option 4 has the similar idea of mini-slot level repetition with option 1. The main purpose is to perform short PUSCH transmissions within a slot and in the next available slot in order to achieve the needed total duration without mapping single PUSCH across slot boundary. Option 5 has the similar idea of multi-segment transmission with option 2. The basic idea is to keep PUSCH structure within a slot same as in Rel-15 in order to reuse UE implementation as much as possible.
With short PUSCH transmission, mini-slot level repetition can have shorter waiting time to process than the multi-segment transmission. For multi-segment transmission, due to the long PUSCH, gNB has to wait at least until the end of the first slot to start processing the PUSCH due to its long duration. Hence, the mini-slot level repetition can have shorter latency than the multi-segment transmission. Accordingly, potentially shorter UCI feedback latency for mini-slot level repetitions than multi-segment transmission can be achieved. Furthermore, for mini-slot level repetition, early termination can be realized with an explicit ACK fed back in the middle of the repetitions. Then the rest of the repetitions are not needed to be transmitted any more. This results in less interferences to the transmission of neighbouring cells. 
Inter-PUSCH-repetition frequency hopping and inter-slot frequency hopping can be supported for mini-slot level repetition. The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number. Regarding the time domain resource assignment (TDRA), for option 4, TDRA field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.

For multi-segment transmission, the number of the repetitions signalled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger or smaller than the nominal number. The TDRA and the number of repetitions K are used to determine the overall resources for all the repetitions (L*K). If the overall resources go across the slot boundary or DL/UL switching point, one repetition is transmitted in each UL period in a slot. Otherwise, the nominal number of repetitions are transmitted, each repetition with the transmission duration indicated in the TDRA. Inter-slot frequency hopping can be supported for multi-segment transmission, while intra-slot frequency hopping specified in Rel-15 should be modified.
For option 6, the TDRA field in the DCI or the TDRA parameter in the type 1 configured grant indicates an entry in the higher layer configured table. The number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table. More than one repetition can be mapped to one slot. The resource assignment for each repetition is contained within one slot. Each transmitted repetition is contained within one UL period in a slot. 

In last RAN1 meeting, it was agreed that “Option 5 is not considered further as part of PUSCH enhancements.” There are still two options, i.e., option 4 and option 6, to be down selected. Since option 6 relies on the higher layer configured table, it may require a lot of TDRA entries, considering the number of repetitions, different starting symbols and TDD slot structure, which may introduce high overhead for both higher layer signalling and TDRA in DCI. Thus, option 4 should be supported for PUSCH enhancements while option 6 should not be supported for PUSCH enhancements for URLLC.
Proposal 1: Option 4 should be supported for PUSCH enhancements for URLLC.
Proposal 2: Option 6 should not be supported for PUSCH enhancements for URLLC.
3      Conclusion
In this contribution, we discussed the candidate solutions to enable one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. Based on the discussion, we have following proposals:
Proposal 1: Option 4 should be supported for PUSCH enhancements for URLLC.
Proposal 2: Option 6 should not be supported for PUSCH enhancements for URLLC.
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