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Introduction
In the RAN1#109-e meeting, the following agreement was reached for semi-static PUCCH cell switch and PUCCH repetitions [1].
	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)
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Conclusion: PUCCH repetitions are only applicable on Pcell, PScell, and PUCCH Scell.


In the RAN1#110 meeting, some companies offered TP based on the above agreement, but unfortunately, no TP was agreed as some companies still could not agree with it. In order to solve this remaining issue of PUCCH cell switching as soon as possible, FL has reached the following conclusion with some companies and encourages companies to provide analysis for this conclusion [2].
	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: 
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· 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 contribution, some analysis and proposals are provided for the topic on PUCCH repetitions and semi-static PUCCH cell switching based on the conclusion of the last meeting.
Discussion and analysis based on the above conclusion
1.1 Clarification on determining slots for ignoring PUCCH cell switching patterns
In the above conclusion, the UE ignores the PUCCH cell switching pattern starting from the first PUCCH repetition slot until after the last PUCCH repetition is transmitted. However, we think this is an inefficient method. Obviously with this method, there may be many slots in PCell that do not transmit PUCCH repetition, e.g., the downlink slot or the slot not available for PUCCH transmission in PCell, but in these slots, PUCCH cell switching cannot be performed to sSCell and UCIs cannot be transmitted in time because the PUCCH cell switching pattern is ignored. We should reconsider this problem and give the following two options.
Alt1, UE ignores the PUCCH cell switching pattern starting from the first PUCCH repetition slot until after the last PUCCH repetition is transmitted.
Alt2, UE ignores PUCCH cell switching pattern only in the slots determined for PUCCH repetitions based on Section 9.2.6 of TS38.213.
We prefer Alt2, that is, the UE ignores the PUCCH cell switching pattern only in the slots determined for PUCCH repetitions in PCell. Obviously, the Alt2 is more efficient because it constrains the behavior of ignoring the PUCCH cell switching pattern to a minimum number of PCell slots. It is also of the least impact on the specification since the slots determined to ignore the PUCCH cell switching pattern can be directly quoted from TS 38.213 section 9.2.6.
Proposal 1: RAN1 considers the Alt2 to ignore PUCCH cell switching patterns when PUCCH repetition is triggered.
· Alt2: PUCCH cell switching pattern are ignored in the slots determined for PUCCH repetition based on TS 38.213 section 9.2.6.
1.2 Clarification on ignoring PUCCH cell switching pattern due to the delay of the first PUCCH repetition
In the above conclusion it is mentioned:
	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


In the case of PUCCH cell switching, it is not clear about that the first PUCCH repetition is still allowed to defer if the slot indicated for this first PUCCH repetition cannot support PUCCH transmission due to the TDD frame structure. For example, in PCell, the slot indicated for the first PUCCH repetition is a DL slot, or the PUCCH resource indicated for the first PUCCH repetition overlaps with the DL symbol in the indicated slot.
From our point of view, the first PUCCH repetition should be allowed to defer, which conforms to the section 9.2.6 of TS38.213. Also for the PUCCH transmission for UCIs scheduled or configured by gNB, e.g., HARQ-ACK or CSI, the deferred first PUCCH repetition should still be guaranteed by gNB to be transmitted in the PUCCH slot on PCell which is determined by PUCCH cell switching pattern.
If PUCCH repetitions for SR occur in PCell, as SR is initiated by UE spontaneously, UE should guarantee the first SR PUCCH repetition on the PUCCH slot on PCell determined by PUCCH cell switching pattern. If the first SR PUCCH repetition is deferred, UE should guarantee the deferred first SR PUCCH repetition still on the PUCCH slot on PCell determined by PUCCH cell switching pattern.
If the first PUCCH repetition is deferred in the above case, whether the UE ignores the PUCCH cell switching pattern in the initial slot of first PUCCH repetition? 
According to the principle of Alt2 in Section 2.1, the UE only ignores the PUCCH cell switching pattern in the slots determined for the PUCCH repetition. According to the principle of Alt1 in Section 2.1, the UE ignores the PUCCH cell switching pattern in the slots starting from the first PUCCH repetition slot until after the last PUCCH repetition is transmitted. So no matter which alternative is selected, the initial slot of deferred first PUCCH repetition is not determined for the PUCCH repetition and the ignoring of PUCCH cell switching pattern should not be applied. 
Proposal 2: For ignoring PUCCH cell switching pattern,
· The first PUCCH repetition should be deferred if the first PUCCH repetition collides with DL symbols in the initial slot. The deferred first PUCCH repetition should still be guaranteed by gNB or UE to be on PCell based on PUCCH cell switching pattern.
· UE shall not ignore the PUCCH cell switching pattern in the initial slot if the first PUCCH repetition would be deferred from the initial slot.
1.3 Clarification on ignoring PUCCH cell switching pattern due to SR PUCCH repetition  
There is a special case that a non-repetitive PUCCH scheduled in a SCell slot overlapping with the SR PUCCH repetition in PCell slot. For example, referring to Figure 1, a HARQ-ACK PUCCH is scheduled in the 6th slot in the SCell slot based on the PUCCH cell switching pattern. After the PDSCH1, the UE triggers an SR PUCCH repetitions starting from the 5th slot in the PCell slot, and the SR PUCCH repetition2 is determined in the 6th slot in the PCell slot overlapping with the HARQ-ACK PUCCH in SCell slot. This case is inevitable as the SR triggering by UE is spontaneous.
Following the conclusion that for slots with a PUCCH repetition the PUCCH cell pattern is not applicable, the non-repetitive PUCCH scheduled in advance should be cancelled. That is, in the example of Figure 1, the HARQ-ACK PUCCH in SCell should be cancelled. Obviously, the UE is expected to cancel the non-repetitive PUCCH transmission in a SCell slot before the first symbol of the SR PUCCH repetition in a PCell slot as the PUCCH cell pattern is not applicable for the slot. Due to the cancellation of HARQ-ACK PUCCH, whether to introduce a cancellation timeline for this case should be discussed further. 
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Figure 1
In addition, UE should guarantee the first repetition of SR PUCCH to be on PCell. That is, the UE should ensure that the first repetition of SR PUCCH is transmitted in a PUCCH slot in PCell based on PUCCH cell switching pattern. In other words, if a PCell slot is not for PUCCH based on PUCCH cell switching pattern, the UE would not transmit the first repetition of SR PUCCH in the PCell slot. For example, in Figure 2, SR PUCCH repetition1 should not be triggered by UE in the 5th PCell slot because it is not for PUCCH based on PUCCH cell switching pattern. The HARQ-ACK PUCCH would be transmitted in the 5th SCell slot.
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Figure 2
Proposal 3: For SR PUCCH repetition and PUCCH cell switching,
· If it is supported that for slots with a PUCCH repetition the PUCCH cell pattern is not applicable, the UE is expected to cancel the PUCCH transmission in a SCell slot before the first symbol of the SR PUCCH repetition in a PCell slot when the SCell slot overlaps with the PCell slot.
· The first repetition of SR PUCCH should not be transmitted by UE in a PCell slot if the PCell slot is not for PUCCH based on PUCCH cell switching pattern.
1.4 Summary for the above discussion  
[bookmark: _GoBack]Obviously, the proposal in RAN1#110 meeting does not bring extra benefit compared with the original proposal  in RAN1#109 meeting and may introduce additional complexity in UE implementation, gNB scheduling and standardization. Hence, if the above proposals are not supported in the this meeting, we prefer to support the original proposal with potential limitation that only PUCCH repetition on PCell is allowed based on agreement in RAN1#109 meeting.
Proposal 4: If the above proposal1~proposal3 are not supported in the this meeting, it is proposed to support the original proposal with potential limitation that only PUCCH repetition on PCell is allowed based on agreement in RAN1#109 meeting.

Conclusions
According to the analysis given above, we have the following proposals:
Proposal 1: RAN1 considers the Alt2 to ignore PUCCH cell switching patterns when PUCCH repetition is triggered.
· Alt2: PUCCH cell switching pattern are ignored in the slots determined for PUCCH repetition based on TS 38.213 section 9.2.6.
Proposal 2: For ignoring PUCCH cell switching pattern,
· The first PUCCH repetition should be deferred if the first PUCCH repetition collides with DL symbols in the initial slot. The deferred first PUCCH repetition should still be guaranteed by gNB or UE to be on PCell based on PUCCH cell switching pattern.
· UE shall not ignore the PUCCH cell switching pattern in the initial slot if the first PUCCH repetition would be deferred from the initial slot.
Proposal 3: For SR PUCCH repetition and PUCCH cell switching,
· If it is supported that for slots with a PUCCH repetition the PUCCH cell pattern is not applicable, the UE is expected to cancel the PUCCH transmission in a SCell slot before the first symbol of the SR PUCCH repetition in a PCell slot when the SCell slot overlaps with the PCell slot.
· The first repetition of SR PUCCH should not be transmitted by UE in a PCell slot if the PCell slot is not for PUCCH based on PUCCH cell switching pattern.
Proposal 4: If the above proposal1~proposal3 are not supported in the this meeting, it is proposed to support the original proposal with potential limitation that only PUCCH repetition on PCell is allowed based on agreement in RAN1#109 meeting.
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