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1. Introduction

TSG RAN approved a Rel-17 new work item on enhanced Industrial Internet of Things (IoT) and URLLC support [1] at RAN#86. The second objective of this work item is the following:
2. Identify potential enhancements to ensure Release 16 feature compatibility with unlicensed band URLLC/IIoT operation in controlled environment [RAN1, RAN2]
a.  Detailed objectives to be clarified at RAN#87 based on essential issues to be identified in RAN#87 (if any)
Since there was no possibility to identify the essential issues at RAN#87e, this paper provides our analysis of the compatibility between the Rel-16 eURLLC design and the Rel-16 NR-U design. Our views are also provided on possible optimizations not resulting from an incompatibility of the Rel-16 configurations, based on the RAN_DRAFT email discussion started on May 20.
2. Discussion
2.1 Compatibility of Rel-16 eURLLC and NR-U designs and configurations
RAN1#101-e discussed the compatibility of configurations of HARQ design for eURLCC and NR-U, and reached the following observations [2]:
Observations:

Examples of joint configurations/signaling for eURLLC and NR-U that can work in Rel-16:

· Example 1: Handling of NNK1 value (dl-DataToUL-ACK-r1 with value -1) with Type-2 HARQ-ACK codebook and two HARQ-ACK codebook priorities (when UE is provided with PDSCH-HARQ-ACK-CodebookList-r16), using DCI format 1_1 and/or DCI format 1_2, when the NNK1 value is signaled in DCI format 1_1.

Examples of joint configurations/signaling for eURLLC and NR-U that cannot work in Rel-16:

· Example 2: Joint configuration of Enhanced Type-2 HARQ-ACK codebook and two HARQ-ACK codebook priorities (when UE is provided with PDSCH-HARQ-ACK-CodebookList-r16)

· RAN1’s understanding is that the RRC parameter PDSCH-HARQ-ACK-CodebookList-r16 cannot configure the UE with Enhanced Type-2 HARQ-ACK codebook, although RAN1 specifications can support reporting with Enhanced Type-2 HARQ-ACK codebook when two HARQ-ACK codebook priorities can be indicated using DCI format 1_1/1_0, and can also support handling of NNK1 value in this case

· Example 3: Reporting Type-3 HARQ-ACK codebook when different HARQ processes have been scheduled with different PUCCH priorities (when UE is provided with PDSCH-HARQ-ACK-CodebookList-r16)

Example 2 stems from the RRC configurations in 38.331 shown below, which does not allow PDSCH-HARQ-ACK-CodebookList-r16 to configure the HARQ-ACK codebook as enhancedDynamic-r16.
PDSCH-HARQ-ACK-CodebookList-r16 ::=     SEQUENCE (SIZE (1..2)) OF ENUMERATED {semiStatic, dynamic}
Example 3 stems from the fact that all HARQ processes are supposed to be reported in a Type-3 HARQ-ACK codebook, which may contradict with the priority assigned to each HARQ process and thus won’t allow HARQ processes to the reported in the same PUCCH if they have different priorities. 
Both examples would be rather simple to fix in Rel-17. For example 2, just adding the possibility to configure the HARQ-ACK codebook as enhancedDynamic-r16 in PDSCH-HARQ-ACK-CodebookList-r17 would likely work without further enhancements. For example 3, an exception could be defined to allow reporting all HARQ processes in a Type-3 HARQ-ACK codebook even when HARQ processes are assigned with different priorities.
On the other hand, we do not see the need to introduce the DCI fields used for enhanced Type-2 codebook in DCI format 1_2, since it would defeat the purpose of using DCI format 1_2 as a compact format. At most, one could consider allowing the configuration of 1 bit for One-shot HARQ-ACK request field in DCI format 1_2, and clarify that the UE reports HARQ-ACK feedback for all HARQ processes in Type-3 HARQ-ACK codebook regardless of priority indication.
2.2 Further optimizations of NR-U operation for URLLC

The RAN_DRAFT email discussion also asked whether enhancements for URLLC/IIOT unlicensed band operation using semi-static channel access mode should be included among the objectives of the Rel-17 Enhanced IIoT and URLLC support WID. In our view, further enhancement in UL transmission could be considered if there is enough time budget in URLLC/IIoT WI. For example, Alt 2 PUSCH transmission in wideband carrier (i.e. UE can adjust transmission BW according to LBT outcome). One of the reason for not supporting such mode in Rel-16 is due to low uplink demand in regular cellular offloading scenario. However, the demand on uplink capacity is high in IIoT scenario, e.g. for HD cameras widely installed in the factories. Allowing UL transmission only when UE pass LBT on all LBT bandwidths significantly restricts uplink throughput when a narrow band device operates in the same area.
Another enhancement can be multiple uplink opportunities for PUCCH in frequency domain, e.g. for HARQ feedback. The latency can be reduced when retransmission is expected in short time period. Although introduction of UE-initiated COT for FBE could be useful for URLLC applications, it would be better to focus on enhancement of LBE considering LBE is the default operation mode in NRU. 
In Rel-16 RAN2 will ensure that TDRA configurations of URLLC PUSCH repetitions and NR-U multi-PUSCH scheduling are compatible and forward-compatible, but both features cannot be configured simultaneously in Rel-16. A possible enhancement in Rel-17 is to allow one DCI to signal either type of scheduling. If a mixed type of scheduling is allowed (multiple TBs including some repetitions), enhancements may be needed to ensure no time gaps in the allocation.
3. Conclusions

We have identified the following potential enhancements to improve Release 16 feature compatibility with unlicensed band URLLC/IIoT operation in controlled environment, to be considered as Rel-17 objectives:
· Allow configuring HARQ-ACK codebook as enhancedDynamic-r16 in PDSCH-HARQ-ACK-CodebookList-r17
· Allow reporting all HARQ processes in a Type-3 HARQ-ACK codebook irrespective of assigned priorities
· Consider allowing a configurable bit for One-shot HARQ-ACK request field in DCI format 1_2
· Consider allowing PUSCH transmission in wideband carrier where UE adjusts Tx BW according to LBT outcome
· Consider introducing multiple uplink opportunities for PUCCH in frequency domain, e.g. for HARQ feedback
· Consider dynamic signalling of PUSCH repetitions and multi-PUSCH scheduling in the same DCI Format
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