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Introduction
The PUCCH repetition operation for semi-static PUCCH cell switching had been discussed for several meetings and the final operation is still unclear. 
The following agreement from RAN1#109-bis is available: 
	Agreement
For semi-static PUCCH cell switch and PUCCH repetitions: 
· Semi-static PUCCH cell switching is applicable only to PUCCH transmissions without repetitions. 
· Note: UE assumes there is no PUCCH scheduling on multiple slots mapped to PCell and PUCCH-sSCell. i.e., gNB need to schedule carefully so there is no such case where a  PUCCH repetition from PCell would be need to be transmitted in a slot indicated by the pattern for PUCCH transmission on PUCCH-sSCell (as for slot #X+3 in the example figure below)
[image: ]
Conclusion: PUCCH repetitions are only applicable on Pcell, PScell, and PUCCH Scell.



During RAN1#110, there had been further discussions with the following discussed way to proceed on this issue, see Sec. 2.3.9 of the final moderator summary in R1-2208102:
	Therefore, the companies discussed / concluded the following handing / next steps: 
1. We try to support PUCCH cell switching in a way, that for slots with a PUCCH repetition the PUCCH cell pattern is not applicable (i.e. the UE neglects / does not apply the PUCCH cell switching pattern indication for such slots) 
· This operation is sketched in the following figure: 
[image: ]
· Moderator Note / explanation: The red crossing out means the pattern is not applicable / neglected and the UE transmits the PUCCH on PCell – so the pattern would again only be applied from Slot X+3 (after the rep bundle) 
· For the first repetition, the gNB will still need to guarantee the PUCCH to be on PCell – therefore there is no ‘crossed out’ for slot #X, but starts only in the next slot
· The PUCCH cell pattern to be applicable applies to all the slots until the UE has transmitted the last PUCCH repetition (so also including the time that there would be some potential PUCCH repetition deferral based on 9.2.6 of 38.213). So for the case above, the pattern would only be applicable again from slot X+3
· The pattern not being applicable / neglected by the UE applies also for PUCCH transmissions without repetition when having an ongoing PUCCH repetition bundle and is applicable for scheduled PUCCH (through DCI) as well as for non-scheduled PUCCH. 
· This is to prevent that there would be PUCCHs on PCell (through the repetition) and any other PUCCH in overlapping slot on PUCCH-sSCell. 
2. Companies will check if there are any specific issues / showstoppers for this operation till RAN1#110b-e and will check how this would need to be implemented in the specifications (which may require specially also checking the details of the PUCCH repetition operation incl. deferral in Sec. 9.2.6 of 38.213) 
3. It is encouraged that if someone identifies some issues / showstoppers to inform other interested companies offline about the findings to be able to check these issues possibly already before RAN1#110b-e. 
4. At RAN1#110b-e: 
· If no showstoppers / major issues are identified, we try to agree the related CRs (if needed, intention is to prevent any ambiguity) to have the intended operation as outline in the first bullet agreed. 
· If showstoppers / major issues are identified, we may need to revert the earlier agreement to support the combination of semi-static PUCCH cell switching and PUCCH repetition operation. 



In this document, we discuss some final pending details on the operation of PUCCH repetition following the RAN1#110 discussed further handling. The related draft CR to 38.213 Sec. 9.A can be found in R1-2210147.

Discussion 
Overall, we are fine with the intention of the PUCCH repetition procedure but think that on some issues certain clarifications will be needed. 

No PUCCH resource with repetitions on PUCCH-sSCell?
Looking at the following RAN1#110 discussions: 
	· Moderator Note / explanation: The red crossing out means the pattern is not applicable / neglected and the UE transmits the PUCCH on PCell – so the pattern would again only be applied from Slot X+3 (after the rep bundle) 
· For the first repetition, the gNB will still need to guarantee the PUCCH to be on PCell – therefore there is no ‘crossed out’ for slot #X, but starts only in the next slot



the intention is clearly, that the UE would not be expected to find a PUCCH with   on PUCCH-sSCell – and then based on the pattern not being applicable / neglect / assume ‘0’ (i.e., PCell) required to re-do all the PUCCH determination operation on PCell (i.e. to limit the UE complexity). We think that the simplest way to guarantee the RAN1#110 intended behavior would be to specify that the UE does not expect to be configured with any PUCCH repetition on PUCCH-sSCell. We think that this could be simpler than defining the UE to not expect any PUCCH repetition, and from gNB perspective would not really make any difference as the PUCCH-sSCell has a fully independent PUCCH configuration. 
Observation 1: To prevent a ‘first’ PUCCH repetition on PUCCH-sSCell, the simplest way would be to defined that the UE does not expect to be configured with any PUCCH resource with   on PUCCH-sSCell. 

Handling of shorter PCell slot than the UL slot of the reference SCS / granularity of the ‘neglect / does not apply’ decision
One of the things not discussed during RAN1#110 but which needs further clarification is the handling of a shorter PUCCH slot length than the pattern granularity, i.e. the UL slot length of the reference SCS.
An example is shown in Figure 1 below, where it is not clear when the PCell has different SCS from the reference SCS for PUCCH cell switching pattern if the UE should transmit PUCCH on Pcell or PUCCH-sSCell in slot #7 (not containing any PUCCH repetition but the pattern indicating the PUCCH-sSCell).
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Figure 1: Handling of different slot length of PCell and reference SCS

Clearly two options can be there to define the handling for slot#7: 
· Option 1: The ‘decision’ to apply the pattern or to neglect the pattern is done per PCell (PUCCH) slot
· Note: this means, for slot #7 in the figure above the pattern is applicable and the UE transmits the PUCCH (if any) on the PUCCH-sSCell
· Note: this would lead to a PUCCH cell switch during an UL slot of the reference SCS configuration (i.e. switching with higher granularity that the time-domain pattern).  
· Option 2: The ‘decision’ to apply the pattern or to neglect the pattern is done per UL slot of the reference SCS configuration (i.e. the granularity of the time-domain pattern) 
· Note: this means, for slot #7 in the figure above the pattern is not applicable and the UE transmits the PUCCH (if any) on the PCell (and neglects the pattern, although there is no PUCCH of repetition within the PCell UL slot). 
Clearly both options are valid, but we think that it would be better to limit the PUCCH switching points aligned with the time-domain pattern granularity. 

Observation 2: Having the UE to neglect / not apply the PUCCH cell pattern for UL slots of the reference SCS configuration with a PUCCH transmission with  as determined in Sec. 9.2.6 of TS 38.213 (compared to decision per PCell PUCCH slot) would simplify the specification effort and guarantee the PUCCH cell switching times aligned with the time-domain pattern granularity. 


Required clarification on the PUCCH cell determination
The intention of the semi-static PUCCH cell switching pattern has been, that the UE would decide based on the time-domain pattern which cell is used for PUCCH transmission – either the PCell (with ‘0’) or the PUCCH-sSCell (with ‘1’), which is currently captured in Sec. 9.A of 38.213 as: 
	
9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. The UE does not transmit a PUCCH in a slot on a cell if the pattern indicates a different cell for PUCCH transmission during the slot. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the PCell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.




The current formulation there would imply, that the UE would process / operate PUCCH on both, PCell and PUCCH-sSCell, but then finally decides to not transmit on the cell not indicated by the pattern. This could lead to some confusion e.g. for the case shown in Figure 2. 
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Figure 2: First / initial PUCCH repetition on PCell even though PUCCH-sSCell is indicated

Based on the current formulation, even though the PUCCH-sSCell is indicated in the pattern for slot #N+1 the UE could identify a PUCCH resource on PCell and then decide to not apply the pattern. This is is clearly not the intention, as the PUCCH-sScell would be the cell for PUCCH transmission if there is no earlier pending PUCCH repetitions there. Therefore, we think some clarification to the current specification text would be needed to clarify, that the UE not only does not transmit PUCCH on the cell not being indicated, but also to not process PUCCH on that cell – i.e. for slots indicated as ‘1’ the UE would not identify a new PUCCH repetition bundle to start on PCell as for the case of slot #N+1 of Figure 2 above. 

Observation 3: To prevent uncertainty on the PUCCH cell switching operation a change to the current specification text is required so that the UE in addition to not transmit PUCCH on the cell not being indicated to also not process PUCCH on the cell not being indicated in the time-domain pattern. 


PHY priority handling: Decision to neglect / not apply the pattern requiring joint handling across PHY priorities
So far, the description of semi-static PUCCH cell switching in Sec. 9.A of 38.213 does not really consider different PHY priorities, as the pattern would be applicable for both PHY priorities / PUCCH configurations (first & second). 
But now for the intended operation for PUCCH repetition, as long as there is a pending PUCCH repetition of either PHY priority (started in a previous slot) the UE would need to ‘neglect / not apply’ the time-domain pattern, as the PHY prioritization operation is only to happen after the determination of the cell for PUCCH transmission. 

Observation 4: The decision to neglect / not apply the PUCCH cell pattern is to be based on the (pending) PUCCH repetitions of both priorities jointly, to guarantee the pattern is equally applied for either PHY priority. 



So based on the discussions during RAN1#110 and the discussions and considerations above, the following is proposed overall to be agreed to describe the PUCCH repetition operation aligned with the RAN1#110 discussions / way forward: 

Proposal: For semi-static PUCCH cell switching with PUCCH repetition: 
· The UE does not expect to be configured with any PUCCH resource with  on the PUCCH-sSCell. 
· Note: This guarantees that semi-static PUCCH cell switching is not applicable for a first PUCCH repetition of a PUCCH repetition bundle to limit the UE complexity
· The UE neglects / does not apply the time-domain pattern for UL slots of the reference SCS configurations with PUCCH transmission of either PHY priority with repetitions, starting from a slot where the UE would transmit a first repetition of the PUCCH until a slot where the UE would transmit a last repetition of the PUCCH as described in Clause 9.2.6.  

The following TP clarifies the two bullets of the intended operation of the proposal as well as observation 3: 
	[bookmark: _Toc114216063]9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. For slots of the reference SCS configuration with PUCCH transmissions of any PHY priority, starting from a slot where the UE would transmit a first repetition of a PUCCH of a PHY priority until a slot where the UE would transmit the last repetition of the PUCCH as described in Clause 9.2.6, the UE does not apply the provided pattern but determines the PCell as the cell for PUCCH transmission. The UE does not neither processes nor transmits a PUCCH in a slot on a cell if the pattern indicates a different cell for PUCCH transmission during the slot. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the PCell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell. The UE does not expect to be configured with any PUCCH resource with  on the PUCCH-sSCell.
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the PCell or on the PUCCH-sSCell. When the UE transmits a PUCCH with HARQ-ACK information that is associated only with SPS PDSCH receptions, the UE transmits the PUCCH on the PCell. The UE does not expect the PUCCH cell indicator field to indicate the PUCCH-sSCell for a PUCCH transmission in a slot that overlaps with a slot on the PCell where the UE would transmit another PUCCH of same or different priority index.




The related draft CR can be found directly in R1-2210147. 

Summary
In this contribution, we discussed the semi-static PUCCH cell switching operation for PUCCH repetitions, which can be summarized as: 
· Observation 1: To prevent a ‘first’ PUCCH repetition on PUCCH-sSCell, the simplest way would be to defined that the UE does not expect to be configured with any PUCCH resource with   on PUCCH-sSCell. 

· Observation 2: Having the UE to neglect / not apply the PUCCH cell pattern for UL slots of the reference SCS configuration with a PUCCH transmission with  as determined in Sec. 9.2.6 of TS 38.213 (compared to decision per PCell PUCCH slot) would simplify the specification effort and guarantee the PUCCH cell switching times aligned with the time-domain pattern granularity. 

· Observation 3: To prevent uncertainty on the PUCCH cell switching operation a change to the current specification text is required so that the UE in addition to not transmit PUCCH on the cell not being indicated to also not process PUCCH on the cell not being indicated in the time-domain pattern. 
· Observation 4: The decision to neglect / not apply the PUCCH cell pattern is to be based on the (pending) PUCCH repetitions of both priorities jointly, to guarantee the pattern is equally applied for either PHY priority. 


· Proposal: For semi-static PUCCH cell switching with PUCCH repetition: 
· The UE does not expect to be configured with any PUCCH resource with  on the PUCCH-sSCell. 
· Note: This guarantees that semi-static PUCCH cell switching is not applicable for a first PUCCH repetition of a PUCCH repetition bundle to limit the UE complexity
· The UE neglects / does not apply the time-domain pattern for UL slots of the reference SCS configurations with PUCCH transmission of either PHY priority with repetitions, starting from a slot where the UE would transmit a first repetition of the PUCCH until a slot where the UE would transmit a last repetition of the PUCCH as described in Clause 9.2.6.  

A related draft CR can be found in R1-2210147, based on the following related TP: 
	9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. For slots of the reference SCS configuration with PUCCH transmissions of any PHY priority, starting from a slot where the UE would transmit a first repetition of a PUCCH of a PHY priority until a slot where the UE would transmit the last repetition of the PUCCH as described in Clause 9.2.6, the UE does not apply the provided pattern but determines the PCell as the cell for PUCCH transmission. The UE does not neither processes nor transmits a PUCCH in a slot on a cell if the pattern indicates a different cell for PUCCH transmission during the slot. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the PCell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell. The UE does not expect to be configured with any PUCCH resource with  on the PUCCH-sSCell.
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the PCell or on the PUCCH-sSCell. When the UE transmits a PUCCH with HARQ-ACK information that is associated only with SPS PDSCH receptions, the UE transmits the PUCCH on the PCell. The UE does not expect the PUCCH cell indicator field to indicate the PUCCH-sSCell for a PUCCH transmission in a slot that overlaps with a slot on the PCell where the UE would transmit another PUCCH of same or different priority index.
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