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Introduction
RRM requirements for Rel-17 URLLC/IIOT were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. In particular, most of the discussions were focused on propagation delay compensation (PDC) and the main conclusion was to wait for RAN1 inputs. The RRM impacts due to PDC is discussed in our companion paper [2].
In RAN4#99-e, some companies proposed to study potential RRM requirements for PUCCH carrier switching, and this was included in the approved work plan [3]. In this paper we will provide our views on RRM impacts due to PUCCH carrier switching.
Discussion
RAN1#105-e has agreed to introduce PUCCH carrier switching as a UE feedback enhancements for HARQ-ACK for URLLC/IIOT.
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 
Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


In our understanding, the main motivation to introduce PUCCH carrier switching is to get more available UL opportunities to reduce latency with the combination of different DL/UL configurations over carriers. For example, in the figure from our previous RAN1 paper [4], without PUCCH carrier switching, the HARQ-ACK for PDSCH in slot #1 on cell#1 can only be transmitted in slot #4 on the same cell due to UL/DL configuration. This is the case even from UE capability perspective the HARQ-ACK can be sent in symbols 3~8 in slot #2, and this would introduce a 0.32ms additional latency is introduced just for the HARQ-ACK feedback.
With PUCCH carrier switching, the HARQ-ACK for the concerned PDSCH can be scheduled or configured on another cell#2 with an earlier available PUCCH resource. For example, the UE could send feedback in symbol 8 in slot 0 of cell#2, which would obviously decrease the latency compared to using symbol#3~8 in slot#4 of cell#1.
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Figure 1: An example for PUCCH carrier switching
Although the detailed mechanism for PUCCH carrier switching is under development in RAN1, RAN4 can start discussing whether and what requirements are to be defined. We have made some initial analysis as follows:
· There is no RF re-tuning due to PUCCH carrier switching
Unlike SRS carrier switching where UE needs to re-tune the RF to the carrier without PUSCH, or BWP switching where UE needs to re-tune the RF center frequency or BW, PUCCH carrier switching is among active serving cells with UL PUCCH resource configured per UL BWP. This means the RF chain can be readily usable when UE needs to transmit PUCCH from an active BWP of an active serving cell.
· There is no measurement or time tracking due to PUCCH carrier switching
Unlike UL spatial information switching where UE may not have fine timing or Rx beam information to make the transmission, UE should maintain the timing and beam information for the active serving cell no matter if the serving cell is configured with PUCCH resource or not. This means when UE needs to transmit PUCCH from an active serving cell, it may not need additional time to obtain the timing or beam information
· There is baseband adjustment due to PUCCH carrier switching
Like BWP switching, UE needs to adjustment the PHY to transmit HARQ-ACK from different serving cells. For BWP switching, the PHY resources may need to be reconfigured e.g. due to applying new SCS or new BW, but for PUCCH carrier switching, the PHY resources may not need to be changed, so we understand there may be no need for additional time (on top of the existing PDSCH processing time) for BB adjustment in PUCCH carrier switching.
Based on above analysis, we think there may be no need for RAN4 to define requirements for PUCCH carrier switching, but since this is the first meeting RAN4 discussed this issue, we are open to hear other companies’ views and further discuss the possible RAN4 impacts due to PUCCH carrier switching.
Proposal: RAN4 to further discuss if there is a need to define RRM requirements for PUCCH carrier switching.
Conclusions
In this paper we provided our views on RRM impacts due to PUCCH carrier switching.
Proposal: RAN4 to further discuss if there is a need to define RRM requirements for PUCCH carrier switching.
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