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Introduction
In this contribution, we discuss the progress of URLLC/IIoT WI in RAN1 and provide our views on the way forward to finalize the work.
Discussion
By last RAN plenary meeting, there were several open issues in the URLLC/IIoT work item. Consequently, the WI was declared incomplete and extra efforts/focus was given in 2022/Q1 RAN1 meetings to resolve the open issues. Good progress has been achieved and most of the open issue were addressed, but there are still some open issues that need to be resolved in the maintenance phase. We highlight one of the issues that requires RAN plenary guidance, which is PUCCH repetition for PUCCH cell switching.
[bookmark: _Ref47480075][bookmark: _Ref47479950]Table 1: URLLC/IIoT WI status.
	Agenda Item
	Status

	UE feedback enhancements for HARQ-ACK
	Good progress. Still some open issues

	CSI feedback enhancements
	Stable/finalized

	Enhancements for unlicensed band URLLC/IIoT
	Stable

	Intra-UE Multiplexing/Prioritization
	Good progress. Still some open issues

	Propagation delay compensation
	Good progress. Stable



PUCCH cell switching and PUCCH repetition
PUCCH cell switching was introduced in R17 URLLC/IIoT WI to reduce the latency of the HARQ-ACK feedback. PUCCH repetition is an existing feature in NR that essential for the reliability of the PUCCH transmission. In the last two RAN1 meetings, RAN1 discussed the possible options for supporting PUCCH repetition for PUCCH cell switching. There are mainly two options considered by RAN1, that are described below.
· Option#1: The PUCCH cell of the first repetition is applicable for all the PUCCH repetitions.
This is the most straightforward option as it keeps R16 behaviour for PUCCH repetition, while is allows the network to switch the PUCCH cell if needed. Similar to R16, if the slot on the PUCCH cell is DL, the PUCCH repetition is postponed to the next UL slot.
[image: ]
[bookmark: _Ref47625949]Figure 1: Illustration of option#1 for PUCCH cell switching with PUCCH repetition.

· Option#2: The PUCCH cell is determined separately for each PUCCH repetition.
This option offers relatively lower latency in transmitting all the repetitions by allowing the PUCCH repetitions to be transmitted on different cells to utilize the available UL slots. However, the configured PUCCH resources for the two cells could be different, hence, it could result in different PUCCH resources for the PUCCH repetitions. This would cause implementation issues for the UE and gNB in terms of different PUCCH formats, coding and soft-combining for the PUCCH repetitions. These issues could be avoided by imposing a restriction to allow option#2 only for the case when the PUCCH resources for the all the repetitions are the same.
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Figure 2: Illustration of option#2 for PUCCH cell switching with PUCCH repetition.

It is clear that both options will offer PUCCH latency and reliability enhancement compared to R16. Not supporting PUCCH repetition for PUCCH cell switching will degrade the system performance as the network will have to choose either PUCCH cell switching (to reduce the HARQ-ACK latency) or PUCCH repetition (to improve the reliability). Hence, it is important that RAN1 adopt at least one of the options for joint operation between PUCCH cell switching and PUCCH repetition.
Observation 1: Joint operation of PUCCH cell switching and PUCCH repetition is essential for PUCCH latency and reliability.
Observation 2: Option#1 for joint operation of PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions), is straightforward and can be adopted with minimum specification impact.
Observation 3: [bookmark: _Hlk97844965]Option#2 for joint operation of PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell is determined separately for each PUCCH repetition), can be adopted with some restrictions to reduce the specification and implementation impact.
Proposal 1: RAN plenary should provide one of the following guidance to RAN1.
· Alt-1: RAN1 to adopt Option#1 for joint operation between PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions).
· Alt-2: RAN1 to adopt the following options for joint operation between PUCCH cell switching and PUCCH repetition:
· Option#1: the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions.
· Option#2: the PUCCH cell is determined separately for each PUCCH repetition (with restrictions to reduce the specification and implementation impact).
Conclusion
In this contribution, we discussed the progress in RAN1 on URLLC/IIoT WI, and we have the following observations and proposal.
Observation 1: Joint operation of PUCCH cell switching and PUCCH repetition is essential for the PUCCH latency and reliability.
Observation 2: Option#1 for joint operation of PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions), is straightforward and can be implemented with minimum specification impact.
Observation 3: Option#2 for joint operation of PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell is determined separately for each PUCCH repetition), can be adopted with some restrictions to reduce the specification and implementation impact.
Proposal 1: RAN plenary should provide one of the following guidance to RAN1.
· Alt-1: RAN1 to adopt Option#1 for joint operation between PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions).
· Alt-2: RAN1 to adopt the following options for joint operation between PUCCH cell switching and PUCCH repetition:
· Option#1: the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions.
· Option#2: the PUCCH cell is determined separately for each PUCCH repetition (with restrictions to reduce the specification and implementation impact).
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