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1. Introduction
In the Rel-17 WI of NR IIoT/URLLC enhancements, for the objectives of physical layer feedback enhancements and intra-UE multiplexing and prioritization of traffic with different priority, several new features have been introduced or are still under consideration. 
In this contribution, the related RAN1 progress on above objectives for HARQ-ACK feedback enhancements, CSI feedback enhancements and intra-UE multiplexing/prioritization are summarized. Accordingly, the WID scope is updated. 
2. Discussions 
Progress for HARQ-ACK feedback enhancements
For HARQ-ACK feedback enhancements, there are five features to be supported with explicit agreements. In RAN1#106-e meeting, a good set of agreements were achieved [1]. Table 1 gives a brief progress summary for each feature. 
Table 1: Progress overview for Rel-17 HARQ-ACK feedback enhancements 
	Objectives
	Status

	SPS HARQ-ACK deferral for TDD
	Overall very good progress

	Retransmission of cancelled HARQ
	Overall reasonable progress

	[bookmark: _GoBack]PUCCH repetition enhancements
	Overall good progress 

	Type 1 HARQ CB based on sub-slot PUCCH configuration
	Overall acceptable progress with less pending issue
e.g. Per DL slot vs. Per sub-slot TDRA pruning/grouping 

	PUCCH carrier switching
	Overall behind the schedule



From Table 1, it is observed that good progress has been made for each feature except for the PUCCH carrier switching. During the RAN1#106-e meeting discussion, one controversial issue for PUCCH carrier switching is whether the PUCCH carrier switching should include the SUL and what kinds of switching scenarios as listed below are supported if PUCCH carrier involves the SUL [2].
· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL. 
· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both
· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL
Clearly, it is difficult to make consensus on the supported cases especially Case 2-2 and Case 3. In addition, besides above cases, considering the similarity between the SUL and FDD, if Case 2-2 and Case 3 are not supported for PUCCH carrier switching, it is also questionable on whether to support PUCCH carrier switching between TDD and FDD, between FDD and FDD. Given the current situation, the proposed WA in [2] should be taken to move forward. In addition, to minimize the specification complications and complete this feature with other 4 features within Rel-17, the maximum number of PUCCH cells per cell group for switching should be defined as 2. Therefore, we have following proposal:
Proposal 1: For PUCCH carrier switching, the following switching scenario is supported in Rel-17:
· Case 1: PUCCH carrier switching between two TDD cells per cell group
· FFS: Whether any additional restriction on the applicable scenarios, e.g. whether to support switching between FR1 TDD and FR2 TDD  

Progress for CSI feedback for enhanced URLLC/IIoT
According to the guidance from RAN#92e meeting, the further investigation in RAN1 group focuses on two new reporting schemes, i.e., increasing the granularity of subband CQI and reporting of delta-MCS. In RAN1#106-e meeting, only supporting 4-bits CQI subband reporting was agreed for increasing granularity of subband CQI scheme. Unfortunately, for delta-MCS, no consensus is achieved in RAN1 group. Therefore, 4-bits subband CQI reporting is the only feature that needs to be specified for CSI feedback enhancement in Rel-17, which should be explicitly included in the objective of WID. 
Proposal 2: Support of 4-bits subband CQI reporting should be explicitly added in objective for CSI feedback enhancements to allow for more accurate MCS selection.  

Progress for Intra-UE multiplexing and prioritization
· PHY prioritization of overlapping DG and CG PUSCH of different PHY priorities on a BWP of a serving cell
For intra-UE multiplexing and prioritization, besides to specify the multiplexing behavior among UCIs and PUSCH with different priorities e.g. multiplexing UCI on PUCCH and UCI on PUSCH with different priorities, specify the PHY prioritization between DG and CG PUSCH of different PHY priorities as explicitly listed as one objective [3]. DG and CG PUSCH prioritization should be based on the Rel-16 design of DG/CG/UCI overlapping, which is complicated and still under discussion in Rel-16 maintenance, involving many RAN1 and RAN 2 meetings [4]. Correspondingly, specifying PHY prioritization of overlapping DG and CG PUSCH of different PHY priorities still cannot carry on and the progress is far behind the schedule. Given such situation and the limited time for the WI finalization, it is realistic to remove the objective on PHY prioritization of overlapping DG and CG PUSCH of different PHY priorities. 
Proposal 3：Remove the following objective for intra-UE multiplexing and prioritization of traffic with different priority,
· 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 

· Simultaneous PUCCH and PUSCH transmission within a PUCCH cell group on different CCs
Simultaneous PUCCH and PUSCH transmission within a PUCCH cell group on different CCs was agreed in RAN1 to avoid dropping Low Priority (LP) PUSCH/PUCCH due to the overlapping with High Priority (HP) PUCCH/PUSCH. As observed, this feature is actually competing with other features like the first objective of intra-UE multiplexing and prioritization: specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, and the feature of Retransmission of cancelled HARQ under the objective of UE feedback enhancements for HARQ-ACK. On one hand, supporting simultaneous PUCCH and PUSCH transmission within a PUCCH cell group is not a general solution and is only applicable for the limited scenario, i.e., for UEs supporting inter-band UL CA. On the other hand, the progress on this feature is not good compared to the first objective of multiplexing of UCI of different priorities on PUCCH & PUSCH. Furthermore, large efforts and complexity are expected to enable the joint operation of simultaneous PUCCH and PUSCH transmission and multiplexing of UCI of different priorities on PUCCH & PUSCH. Therefore, it is proposed to remove the support of simultaneous PUCCH and PUSCH transmission within a PUCCH cell group on different CC in Rel-17 and focus on the first objective that explicitly listed under the topic of intra-UE multiplexing and prioritization of traffic with different priority.
Proposal 4: Remove the support of simultaneous PUCCH and PUSCH transmission within a PUCCH cell group on different CCs in Rel-17.
· Focus on the objective of multiplexing of UCI of different priorities on PUCCH & PUSCH.
Proposal 5: Adopt the revised WID in Annex for Enhanced IIoT and URLLC.

3. Conclusion
In this contribution, we discussed RAN1 progress for HARQ-ACK feedback enhancements, CSI feedback enhancements and intra-UE multiplexing/prioritization. Based on discussion, following proposals are made:
Proposal 1: For PUCCH carrier switching, the following switching scenario is supported in Rel-17:
· Case 1: PUCCH carrier switching between two TDD cells per cell group
· FFS: Whether any additional restriction on the applicable scenarios, e.g. whether to support switching between FR1 TDD and FR2 TDD  
Proposal 2: Support of 4-bits subband CQI reporting should be explicitly added in objective for CSI feedback enhancements to allow for more accurate MCS selection.  
Proposal 3：Remove the following objective for intra-UE multiplexing and prioritization of traffic with different priority,
· 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 
Proposal 4: Remove the support of simultaneous PUCCH and PUSCH transmission within a PUCCH cell group on different CCs in Rel-17.
· Focus on the objective of multiplexing of UCI of different priorities on PUCCH & PUSCH.
Proposal 5: Adopt the revised WID in Annex for Enhanced IIoT and URLLC.
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Annex: 
Revised WID for Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR
	The detailed objectives of the Work Item 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]
a. Specify support for deferring SPS HARQ-ACK that dropped due to TDD specific collisions 
b. Specify support for HARQ-ACK re-transmission
c. Specify support for sub-slot based PUCCH repetition for HARQ-ACK
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
d. Specify support for Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration
e. Specify support for PUCCH carrier switching between two TDD cells based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration, aiming for minimum specification impact 

· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
· Specify 4-bits subband CQI reporting
Note: DMRS-based CSI feedback is not in scope of this WI
Note: Delta-MCS is not supported in Rel-17 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] 
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