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1	Introduction
RAN4 starts Rel-17 enhanced IIOT and URLLC WI discussion from work plan in this meeting and identifying RRM core requirements and demodulation to be specified the details of requirements.
The aim of this document is to discuss the foreseeable RAN4 work for Rel-17 enhanced IIOT and URLLC.
2	Discussion
The objectives from the WID in [1] are as following1. 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] 


It has been discussed in [2] that with the current discussions and AIs from RAN1, Objective 1 may require RAN4 to define new test cases and/or performance requirements. Therefore, by considering both Objectives 1&4, the following discussions are about the foreseeable potential RAN4 works from enhanced IIOT and URLLC in Rel-17 regarding to BS demodulation, UE demodulation, and RRM.
2.1	BS Demodulation
2.1.1 PUCCH Repetition
In order to support more reliable PUCCH transmission with lower latency, in RAN1#104-e it has been agreed to support sub-slot based PUCCH repetition, including dynamic repetition indication as well as repetition for PUCCH formats 0 and 2:
	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



The minimum performance requirements for Rel-15 multi-slot PUCCH repetition were introduced by RAN4 [TS 38.104, section 8.3.7]. Hence, for the agreed PUCCH sub-slot repetition for all formats, the achievable performance should be verified at least in a sub-set of the formats, if differences exist as compared to multi-slot PUCCH repetition as specified in Rel-15. Also, RAN4 should discuss whether new minimum performance requirements are needed for PUCCH short format (formats 0 and 2) multi-slot repetition if it is agreed from RAN1.
Considering 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.
RAN4 may need to discuss if new minimum BS demodulation performance requirements are needed for PUCCH sub-slot repetition considering all PUCCH formats and for PUCCH multi-slot repetition for the short formats (formats 0 and 2) if it is agreed from RAN1. 
2.2	UE Demodulation
2.2.1 CSI Feedback Enhancement
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 from RAN1#104bis-e for further study:Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:
 
· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay
Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS:
· Note: this delta-CQI/MCS is determined based on UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· Companies are encouraged to provide more details in their analysis
· FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
· FFS: Whether quantity reported is relative to the scheduled MCS


At least the enhancements in Case 1 (bullet 1&2) and Case 2 would imply new UE behaviors and reporting quantities in addition to conventional CSI parameters such as CQI, RI and PMI. In Rel-15 RAN4 has also captured the performance requirements of reporting quantities (CQI, RI, PMI) [TS 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 will need to investigate the impacts on UE behavior, including possible new reporting quantities, new test cases and the corresponding UE demodulation performance requirements, assuming RAN1 agrees to introduce this feature and RAN4 identifies a performance impact.
RAN4 will need to discuss the impacts on UE behavior, including possible new reporting quantities, new test cases and the corresponding UE demodulation performance requirements for the CSI feedback enhancement Case 2 and Case 1 (if bullet 1 or 2 is agreed from RAN1).

With the target completion date of September 2022 at RAN#97[1], we notice that the TU allocation for NR_IIOT_URLLC_enh-Perf at [3] starts from November 2021 at RAN4 #101 and we believe it does not reflect the fact that the completion date has been postponed for three RAN plenary meetings. Therefore, we consider a reasonable start date for the related demodulation performance discussions can be April 2022 RAN4 #102bis. 
The TU allocation for NR_IIOT_URLLC_enh-Perf at [3] does not reflect that the completion date has been postponed for three RAN plenary meetings and therefore, the TU allocation for NR_IIOT_URLLC_enh-Perf should be updated and the start date can be April 2022 RAN4 #102bis.

2.3	RRM
2.3.1 PUCCH Carrier Switching
PUCCH carrier switching is currently discussed as part of UE feedback enhancements for HARQ-ACK (Objective 1 in WID) in RAN1 and it has the following agreement from RAN1#104e: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

Depending on the RAN1 discussions that whether support PUCCH carrier switching and the corresponding triggering mechanism, RAN4 may need to investigate for example carrier switching delay, and any UE requirements of switching carrier for HARQ-ACK transmission. 
RAN4 may need to investigate carrier switching delay, and any UE requirements of switching carrier for HARQ-ACK transmission. 

2.3.2 Propagation delay compensation enhancements
RAN1 has sent out a LS [4] to RAN4 asking for (1) whether UE transmit timing error (Te) includes the downlink timing error and (2) the interpretation of the “reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing. In RAN4 reply LS [5], it has been pointed out that the downlink timing error is included in Te and RAN4 needs to further discuss the interpretation of the reference point. Considering RAN1 #105e does not have agenda item for time synchronization, RAN4 can address the reference point issue starting from RAN4 #100e if it is remaining open after RAN4 #99e. 
3	Conclusion
In this paper we present the following observations on RAN4 work plan for Rel-17 enhanced IIOT and URLLC support:
1. RAN4 may need to discuss if new minimum BS demodulation performance requirements are needed for PUCCH sub-slot repetition considering all PUCCH formats and for PUCCH multi-slot repetition for the short formats (formats 0 and 2) if it is agreed from RAN1. 
1. RAN4 will need to discuss the impacts on UE behavior, including possible new reporting quantities, new test cases and the corresponding UE demodulation performance requirements for the CSI feedback enhancement Case 2 and Case 1 (if bullet 1 or 2 is agreed from RAN1).
The TU allocation for NR_IIOT_URLLC_enh-Perf at [3] does not reflect that the completion date has been postponed for three RAN plenary meetings and therefore, the TU allocation for NR_IIOT_URLLC_enh-Perf should be updated and the start date can be April 2022 RAN4 #102bis.
RAN4 may need to investigate carrier switching delay, and any UE requirements of switching carrier for HARQ-ACK transmission. 
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