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1	Introduction
In the Rel-17 WI of NR IIoT/URLLC enhancements, several new features have been introduced or are under consideration across different RAN WGs. This document aims to identify potential impacts of these new features to RAN4, in order to justify the WID update as proposed in the companion paper [1]. 
2	Discussions
This section describes some potential impacts of several RAN1 enhancement to RAN4. According to the latest WID [2], the WI objectives are:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 




From our point of view, some features to be defined under Objective 1 (UE feedback enhancements for URLLC) may require RAN4 to define new test cases and/or performance requirements. More details relating to the foreseeable impacts to the aspects including BS demodulation, UE demodulation, and RRM, are elaborated below.

2.1	BS Demodulation
In order to support more reliable PUCCH transmission with lower latency, RAN1 agreed to support sub-slot based PUCCH repetition, including dynamic repetition indication as well as repetition for PUCCH formats 0 and 2, in NR_IIOT_URLLC_enh in RAN1#104-e:
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH.
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition



Similar discussions took place in other Rel-17 WIs, including NR_feMIMO and NR_cov_enh. 
It is worth noting that the minimum performance requirements for Rel-15 multi-slot PUCCH repetition were introduced by RAN4 [38.104, section 8.3.7]. Hence, when the PUCCH repetition (incl. PUCCH format 0 &2) is extended to the sub-slot level as being considered in RAN1 in WIs such as NR_IIOT_URLLC_enh, the achievable performance should  verified, if differences exist as compared to multi-slot PUCCH repetition as specified in Rel-15. The largest change with respect to Rel-15 is the introduction of repetition also for the short PUCCH formats (0&2). Sub-slot PUCCH repetition clearly has a performance impact with respect to non-repeated short PUCCH formats, and RAN4 should discuss if new minimum performance requirements are needed for short format sub-slot repetition. Therefore, from BS demodulation point of view, new  performance requirements for sub-slot based PUCCH repetition and the corresponding conformance tests should be included in NR_IIOT_URLLC_enh-Perf, such that RAN4 can take sub-slot PUCCH repetition into account as well. 
As discussed above, sub-slot based PUCCH repetition is under discussion in different Rel-17 WIs, it is up to RAN plenary to decide which updated WI(s) to cover the corresponding RAN4 work.
Observation 1: RAN4 impact is foreseeable in performance part for PUCCH repetition enhancements specified as part of Objective 1 (UE feedback enhancements for HARQ-ACK). 

2.2	UE Demodulation
Moreover, according to the WI objectives, RAN1 is also investigating CSI feedback enhancements to allow for more accurate MCS selection. Currently there are two new enhanced reporting cases on the table for further study:
· New reporting Case 1: based on channel/interference measurement considering for example CQI/SINR statistics (mean, variance etc.), maximum interference from multiple IMR, CQI reporting considering the worst subbands, updated CQI reporting based on previous RI/PMI and so on;
· New reporting Case 2: based on addition information other than channel/interference for example soft-ACK, reporting block error probability or reporting CQI/MCS with NACK etc. 
Clearly these enhancements imply new UE behaviours and reporting quantities in addition to conventional CSI parameters such as CQI, RI and PMI. In addition, such enhancements will result in improved DL performance at UE side calling for new related performance requirements.

Akin to PUCCH repetition, in Rel-15 RAN4 has also captured the performance requirement of reporting quantities (CQI, RI, PMI) [38.101-4, sections 6 and 8]. In light of the new reporting cases that will be potentially introduced by RAN1 in Rel-17, RAN4 should investigate the impacts on UE behaviour, including possible new reporting quantities, new test cases and the corresponding UE demodulation performance requirements assuming RAN1 agrees to introduce this feature.
Observation 2: RAN4 impact is foreseeable in performance part for Objective 1 (CSI feedback enhancements to allow for more accurate MCS selection) discussed in RAN1. 

2.3	RRM
In addition to the potential impacts on BS demodulation and UE demodulation, another aspect worth to note is RRM. One area which could bring impact on RAN4 RRM is PUCCH carrier switching discussed as part of UE feedback enhancements for HARQ-ACK (Objective 1) in RAN1 based on the agreement from RAN1#104-e. 
	Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study



If such enhancement is agreed in Rel-17, RAN4 needs to investigate for example switching delay, and any UE requirements of switching carrier for HARQ-ACK transmission. 
Observation 3: RAN4 impact is foreseeable in performance part for PUCCH carrier switching discussed as part of Objective 1 (UE feedback enhancements for HARQ-ACK) in RAN1. 

2.4	Summary of Discussion
Based on the discussions and the observations we have made, it is clear the WID of NR IIoT/URLLC should be revised in order to capture the RAN4 impacts that have been identified above. In particular, RAN4 should be involved in the objectives relating to Objective 1 Physical Layer feedback enhancements.
Proposal 1: The WID of NR_IIOT_URLLC_enh should be updated to involve RAN4 in the objective relating to Physical Layer feedback enhancements.
Moreover, more TU allocation should be provided such that RAN4 can have more time to work on these.
Proposal 2: TU allocation of this work item should be updated for RAN4.

3	Conclusion
This paper has identified some potential impacts that could be introduced to RAN4 by certain new features in Rel-17 NR IIoT/URLLC WI. In particular, we have made the following observations:
Observation 1: RAN4 impact is foreseeable in performance part for PUCCH repetition enhancements specified as part of Objective 1 (UE feedback enhancements for HARQ-ACK). 
Observation 2: RAN4 impact is foreseeable in performance part for Objective 1 (CSI feedback enhancements to allow for more accurate MCS selection) discussed in RAN1. 
Observation 3: RAN4 impact is foreseeable in performance part for PUCCH carrier switching discussed as part of Objective 1 (UE feedback enhancements for HARQ-ACK) in RAN1. 
Based on these observations, we have the following proposals:
Proposal 1: The WID of NR_IIOT_URLLC_enh should be updated to involve RAN4 in the objective relating to Physical Layer feedback enhancements.
Proposal 2: TU allocation of this work item should be updated for RAN4.
The proposed revision of the WID can be found in our companion paper [1], while the TU allocation update request is detailed in the time budget request document attached to the status report [3].
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