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1. Introduction
In last RAN2 meeting, the potential RAN2 impact to support Rel-18 uplink Tx switching enhancements has been discussed. Companies agreed that as a baseline the general Rel-16/17 RAN2 signaling framework should be reused, but the details are pending to RAN1/4 discussion. 
In Aug RAN1/RAN4 meetings, there are some progress related to RAN2 signaling design. In this contribution, the corresponding RAN2 impact based on RAN1/4 latest agreements is discussed further.
2. Discussion
In last RAN2 meeting, the following issues are listed as FFS:
· RAN2 waits for RAN1/4 input and then addresses the potential issues according to RAN1/4 indication, e.g.:
– whether the switching period is configured per band pair or per band combination on UE capability reporting.
– whether the switching option (i.e. switchedUL or dualUL) is configured per band pair or per band combination on UE capability reporting.
– how RRC configures a period location for each band pair within three or four bands on RRC configuration.
– how to configure a state of Tx chains after the UL Tx switching is not unique in Rel-18 framework on RRC configuration.
There were corresponding discussions related to the above issues in RAN1/RAN4. Based on RAN1/RAN4 progress, RAN2 can start evaluating the signalling design for Rel-18 UL Tx switching enhancements. 
2.1 RAN1 and RAN4 progress
In RAN4 reply LS [1], the same set of switching periods as Rel-17 is reused for all band types, which confirms the applicability of the gains in RAN1 observation above. In RAN1#110, a working assumption is achieved that the same UL Tx switching mechanism as Rel-17 (i.e. Alt.1) is taken as a baseline, on top of which 4 potential UE complexity reduction solutions are listed for down-selection [2]. 
	Working Assumption in RAN1#110 meeting
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signalling


Based on the above agreements, significant gains are observed by companies and the remaining issue is mainly UE memory size. To be specific, whether or how to manage a modest size of UE memory is the main remaining issue, to address which 4 potential options are listed in the RAN1 working assumption above for down-selection. The motivations for those options are summarized below,
· RAN4 has confirmed that no UE complexity issue is identified except that the UE memory sharing can be up to RAN1 discussion. 
· Majority of companies believe that the size of UE memory is increased as the number of configured bands increases, while one company feels that it is increased as the number of band pairs increases. The former motivates solution Option 3, i.e. the UE memory sharing mentioned in RAN4 LS, while the latter motivates solution Option 4. In both solutions, UL-CA Option 2 requires more UE complexity than UL-CA Option 1 by special handling of UE memory or precluding more band pairs from UL Tx switching. 
· All companies believe that UL-CA Option 2 is of much more UE complexity than UL-CA Option 1 because many concurrent UL transmission cases are supported in UL-CA Option 2 and complicates the UE memory management very much. It mainly motivates solution Option 1, which is dedicated to UL-CA Option 2 only.
· Some companies believe the more bands are supported with 2-port UL-MIMO, the larger UE memory size is needed. It motivates solution Option 2, which is generic to both UL-CA Option 1 and UL-CA Option2. However, it has been supported by the existing UE capability reporting, i.e. which band in any band combination can support 2-port UL-MIMO has been supported in current specification.
As in the summary for UE memory, UL-CA Option 2 has much more complexity than UL-CA Option 1 which results in more specification impacts and more complicated handling of UE memory size for support of UL-CA Option 2. On the contrary, UL-CA Option 1 has very small specification impact by reusing existing Rel-16/17 mechanism and very simple handling of UE memory size which can be simply handled by the existing UE capability reporting. For example, if a UE has no sufficient UE memory size to support 4-band UL Tx switching, it can only report proper number of bands and proper number of ports on each band that could match with its UE memory size.
Observation 1: Option 1 and SUL has very small RAN1 specification impact by reusing existing Rel-16/17 mechanism and very simple handling of UE memory size which can be simply handled by the existing UE capability reporting.
Observation 2: Compared to option 1 (i.e. switched UL), option 2 requires more specification impacts and more complicated handling of UE memory size.
Observation 3: For the UE complexity reduction, the RAN1 candidate solutions may introduce new UE capability reporting for option 2 specifically.
Based on above analyse, we observe the switching mechanism is quite clear for UL-CA option1 and SUL, while there are still many FFS for UL-CA option2, thus it is pre-mature to discuss the RAN2 signalling design for UL-CA option2. In this case, we would like to focus on UL-CA option1 and SUL in this meeting, meanwhile wait for more input from RAN1/RAN4 on UL-CA option2.
Proposal 1: RAN2 to start working on the signalling design for option 1 and SUL in this meeting, meanwhile wait for more inputs from RAN1/RAN4 on option 2.
2.2 RAN2 signalling for basic switching mechanism in option 1 and SUL
In Aug RAN1 meeting, the dynamic Tx carrier switching across all the supported switching cases was taken as WA. This means the same logic of Rel-16/17 UL Tx switching is adopted, i.e. network configures UL carriers, and the UE can determine whether Tx switching is required based on the UL scheduling. 
	· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission


In addition, RAN4 agree that the switching period is per-band pair, and the value range is the same as Rel-16/17. Whether the Rel-18 switching period needs to be reported via a different value from Rel-16/17 is FFS.
	On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.



In Rel-17, when option1 (i.e. switchedUL) is configured for 2Tx-2Tx switching, the UE determines the two Txes are switched when the next uplink transmission is on another band no matter it is 1-port transmission or 2-port transmission. Meanwhile, the UE assumes a switching uplink gap (the length is the switching period reported via UE capability) configured on one band by network and during the gap no uplink transmission is expected. 
Coming to Rel-18, RAN1 adopted the alternative of dynamic uplink switching mechanism, and RAN4 agreed the Rel-18 switching period granularity and value range are the same as that in Rel-16/17. In this case, although the Rel-18 uplink switching in Rel-18 are among 3/4 bands, for each switching the two Txes are switched from one band to another band, which can be considered as Rel-17 2Tx-2Tx switching within one band pair. It can be observed no new signalling is needed for option1/SUL in Rel-18, other than the potential Rel-18 switching period reporting and switching location configuration which would be very similar like the ones specified in Rel-16/17.
As shown in Figure 1, for each switching, the uplink switching gap is the switching period reported for the band pair (e.g. switching period of band pair BC for 1st switching in the left figure). The uplink switching gap is present on the band configured as switching period location (e.g. band B or C by RRC configuration for 1st switching in the left figure). It is exactly the same for 4-band scenario.
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Figure 1. Example of the switching among 3 bands/4 bands in option1/SUL
Proposal 2: For basic uplink switching mechanism among 3/4 bands in option1/SUL, the Rel-16/17 signalling format (i.e. per-band pair switching period reporting and per band pair switching location configuration) is sufficient. No more issues specific to option1/SUL are foreseen.
3. Conclusion
Based on the above discussion, the observations and proposals from our side are: 
Observation 1: Option 1 and SUL has very small RAN1 specification impact by reusing existing Rel-16/17 mechanism and very simple handling of UE memory size which can be simply handled by the existing UE capability reporting.
Observation 2: Compared to option 1 (i.e. switched UL), option 2 requires more specification impacts and more complicated handling of UE memory size.
Observation 3: For the UE complexity reduction, the RAN1 candidate solutions may introduce new UE capability reporting for option 2 specifically.

Proposal 1: RAN2 to start working on the signalling design for option 1 and SUL in this meeting, meanwhile wait for more inputs from RAN1/RAN4 on option 2.
Proposal 2: For basic uplink switching mechanism among 3/4 bands in option1/SUL, the Rel-16/17 signalling format (i.e. per-band pair switching period reporting and per band pair switching location configuration) is sufficient. No more issues specific to option1/SUL are foreseen.
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