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Introduction
In RAN1#106bis-e, the following agreement has been made to support joint operation between PUCCH cell switching and PUCCH repetitions:

	Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition. 



However, multiple options have been discussed in RAN1#107b and RAN1#108 [1][2] on how to support the joint operation between PUCCH cell switching and PUCCH repetitions without conclusion on the solution to adopt. Three options have been discussed and captured as potential direction and companies are requested to select one option to be specified. 

In this contribution, we share our views about the different options and present our preference on the option to be adopted.
Joint operation of 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.
Also, when using Option#1 with dynamic PUCCH carrier switching, signalling of the PUCCH carrier for each individual repetition would be needed and will require overhead in the DCI and new bit-fields to be introduced.
[image: ]
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.

Assuming the following scenario and assuming 3 PUCCH repetitions including the first PUCCH transmission:
· PCell TDD pattern = [D U]
· SCell TDD pattern = [D D S U U]

Regarding the S slot, we assume it can be used for PUCCH transmission if the PDSCH arrives in a previous slot and it couldn’t be used for PUCCH transmission if the PDSCH arrives in the same slot. 
Table 1: Slot of last PUCCH repetition
	PDSCH Slot
	Option#1
	Option#2
	Rel-16 

	Slot # 1
	Slot #5
	Slot #5
	Slot #6

	Slot # 2
	Slot #5
	Slot #4
	Slot #6

	Slot # 3
	Slot #8
	Slot #6
	Slot #8

	Slot # 4
	Slot #8
	Slot #6
	Slot #8

	Slot # 5
	Slot #9
	Slot #8
	Slot #10

	Slot # 6
	Slot #10
	Slot #9
	Slot #10

	Slot # 7
	Slot #10
	Slot #10
	Slot #12

	Slot # 8
	Slot #12
	Slot #10
	Slot #12

	Slot # 9
	Slot #13
	Slot #12
	Slot #14

	Slot # 10
	Slot #14
	Slot #13
	Slot #14



[bookmark: _Hlk101775302]From Table 1, we can see that Option#2 is better than Option#1 in terms of latency. However, Option#1 is always similar or better than the legacy Rel-16 design. 

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: 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), has similar or better performance than legacy R16 design.
Observation 4: [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: Support Option#1 for the joint operation between dynamic PUCCH cell switching and PUCCH repetition:
· the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions.
Conclusion
In this contribution, we discussed the options for joint operation between PUCCH cell switching and PUCCH repetition, and we have the following observations and proposal:
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: 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), has similar or better performance than legacy R16 design.
Observation 4: 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: Support Option#1 for the joint operation between dynamic PUCCH cell switching and PUCCH repetition:
· the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions.
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