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1. Introduction
In this contribution, we discuss the corresponding RAN2 signaling design based on the latest RAN1 and RAN4 agreements on Rel-18 UL Tx switching enhancements. 
1. Discussion
In previous RAN2 meetings, a basic signaling structure of UE capability reporting was agreed, i.e. reusing the Rel-16/Rel-17 UL Tx switching BC list to report Rel-18 UL Tx switching UE capability, and RAN2 further agreed to reuse uplinkTxSwitching-DL-Interruption-r16 to report DL interruption, and reuse uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17 to report UL-MIMO coherence in Rel-18. Then for other aspects e.g. switching period, switching options, due to lack of RAN1/RAN4 inputs, no RAN2 consensus has been achieved. 
According to the latest status report, we understand the RAN1 part of this topic is almost done, meanwhile RAN4 had extensive discussion on the requirements and left some details for further discussion in next meeting. In this case, RAN2 can settle more signaling design for the UE capability reporting and RRC configuration. For instance, the following aspects seem to be ready for RAN2 signaling discussion:
· Configuration of switching option, period location, the state of Tx chains for dualUL, and 1Tx-2Tx/2Tx-2Tx mode, which are per-band pair configuration. 
· UE capability of supported switching option(s) (together with the support of concurrent transmission for dualUL), switching period.
In addition to above, there are some new UE capacities are further introduced by RAN1 and RAN4, but they seem not mature enough to be captured in RAN2 spec for now.
· RAN4 capability: The optional UE capability is to allow UL transmission not interrupted on a band with one Tx chain maintained on the band during UL switching caused by the other Tx chain. (RAN4 will further discuss and decide the granularity of the optional UE capability as indicated in R4-2220548.)
· RAN1 capability: The minimum separation time is a sum of X us and the switching gap required for the second uplink switching. X us is subject to UE capability with a value set of {0us, 500us}. (The granularity is not clear for now, so it needs further RAN1 discussion.)  
Proposal 1: For the RAN4 UE capability of unaffected/maintained UL transmission on the unchanged Tx chain when the other Tx chain is switching, and RAN1 UE capability of minimum separation time, RAN2 wait for further RAN4/RAN1 agreements on the attributions, e.g. granularity.  
2.1 UE capability reporting
There are two aspects on how to report UE capability for Rel-18 UL Tx switching among more than one band pairs in case of 3 or 4 bands involved.
· Part I: Capabilities related to Tx switching requirement/mechanism, e.g. switching time, switching option and so on, which are mainly per band pair because switching between different bands may have different situation.
· Part II: Capabilities related to UL transmission when Rel-18 UL Tx switching is enabled, e.g. support of UL MIMO/2-port transmission and so on, which are reported per-band or per-FS in non-UL Tx switching cases, as well as in Rel-16/Rel-17 UL Tx switching between 2 bands.
2.1.1 Part I: Capabilities related to Tx switching requirement/mechanism 
1. The supported switching option  
For Rel-18 UL Tx switching among 3/4 bands, RAN1 discussed the two legacy switching options (i.e. switchedUL and dualUL) in Rel-18, and agreed that in case of dualUL a UE may not support concurrent transmission on some band pairs, which means those band pairs supports Rel-18 switching but not supports concurrent transmission, i.e. only switchedUL can be performed on those band pairs. RAN1 has provided 3 alternatives to RAN2 for the capability reporting signalling.
	Excerpt from R1-2210724
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs


Alt.1 bypasses the Rel-16/Rel-17 per-BC capability (i.e. uplinkTxSwitching-OptionSupport-r16) and introduces an independent Rel-18 parameter of switched option for each band pair. 
Alt.2 can inherit the Rel-16/Rel-17 per-BC capability (i.e. uplinkTxSwitching-OptionSupport-r16), but it also needs to indicate concurrent transmission is supported or not for each band pairs if dualUL or both is reported in the per-BC capability, which means per-band pair parameters are to be introduced also.
Alt.3 reduces signalling reporting based on the assumption switchedUL is supported for all the band pairs supporting Rel-18 switching because if a band pair does not support concurrent transmission for dualUL it supports switchedUL, so the UE only needs to indicate whether dualUL is supported or not for each band pair.
Based on the above analysis, we understand there is no essential difference among the three alternatives, and alt.1 is the most straightforward/clear one, RAN2 can take this as baseline to settle the signalling structure, and can discuss the signalling overhead reduction later.
Proposal 2: For the capability reporting of supported switching option, RAN2 take per-band pair signalling as baseline (i.e. for a band combination supporting Rel-18 UL Tx switching, UE indicates {switchedUL, dualUL, both} for each band pair), and further signalling overhead reduction can be done later. 
2. The switching period
In current specification, a UE reports the switching period for 1Tx-2Tx switching via uplinkTxSwitchingPeriod-r16, and reports the switching period for 2Tx-2Tx switching via uplinkTxSwitchingPeriod2T2T-r17. The Rel-18 UL Tx switching involves more than one band pair, and RAN1 confirmed that a UE can only support 2 ports transmission on some of the bands, therefore 1Tx-2Tx switching and 2Tx-2Tx switching are both possible for a given BC. Meanwhile, RAN4 agreed that similar as in Rel-17, the switching period should be reported for 1Tx-2Tx and 2Tx-2Tx switching. But it is not decided whether the values reported via Rel-16/Rel-17 capability parameters are to be applied to Rel-18 switching or different values must be reported in Rel-18. 
	Excerpt from R4-2214464
· 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.


From RAN2 perspective, Rel-16/Rel-17 parameters of switching period can be reused in Rel-18 if RAN4 agree the same value applies to switching among 3/4 bands, otherwise Rel-18 parameters are to be introduced, but the signalling design should be straightforward. 
In addition to the switching periods for 1Tx-2Tx switching and 2Tx-2Tx switching, there may be 1Tx-1Tx switching when 2 ports transmission is only supported on some bands according to the following RAN1 agreements in RAN1#111 meeting.
	For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario
For dual UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, corresponding switching case(s) with 2T for the band where up to 2 ports transmission is not supported are assumed
· If the UE does not support concurrent transmission on specific band pair(s) in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed


For instance, assuming a UE supports 2 ports UL transmission on band A, but does not support 2 ports UL transmission on band B and band C in the band combination A+B+C, if the #n UL scheduling is 1 port transmission on band C but the #n-1 UL scheduling is 1 port transmission on band B, then there could be 1Tx-1Tx switching in some UE implementation. Hence, RAN4 need to discuss and decide whether a new switching period should be reported for 1Tx-1Tx switching in Rel-18. Before that, RAN2 can hold the capability signalling of Rel-18 switching period.
Proposal 3: For switching period, RAN2 wait for the RAN4 decision on whether different values can be reported in Rel-18 and whether/how to handle the 1Tx-1Tx switching.
2.1.2 Part II: Capabilities related to UL transmission 
As discussed in Part I, once UE reports the Rel-18 parameters for switching options and/or switching time, the network knows the UE supports Rel-18 UL Tx switching. Then the network can figure out the detailed configuration on each UL based on the UE capability for that band according to per band parameters and per FS parameters. 
1. Support of 2 ports UL transmission
One issue discussed in RAN1 is how to indicate whether 2 ports transmission is supported or not for each band. This is not a new issue in Rel-18, since in Rel-17 for 1Tx-2Tx switching between 2 bands, network needs to be aware of the band capable of 2Tx and the band capable of 1Tx, which is done by MIMO capability. The same way is applicable to Rel-18 switching and no new capability is needed specific to this issue.
Proposal 4: Indicating the support of 2 ports UL transmission on some bands in a band combination can be done via legacy capabilities, e.g. MIMO layer and port number, therefore no new capability is to be introduced for Rel-18 UL Tx switching.
2. FSC reporting
[image: ]Regarding the FS reporting, the straightforward option is to report 3/4 FeatureSetUplink in one row of a FeatureSetCombination in BandCombination-UplinkTxSwitch to for the 3/4 UL bands involved in Rel-18 UL Tx switching as below:
Figure 1: Feature sets reporting for R18 UL Tx switching
[bookmark: _Hlk118189604][bookmark: _Hlk118118861]In order to support fallback concept in UL Tx switching, it is better to assume that a legacy network can use the 2 FeatureSetUplink out of 3/4 FeatureSetUplink in one row of FeatureSetCombination combination to configure Rel-16 1Tx-2Tx switching or Rel-17 2Tx-2Tx switching on that band pair if the Rel-16/Rel-17 switching period is also provided and the same switching option of the band pair is supported for Rel-16/Rel-17 switching. Therefore when the UE reports FeatureSetUplinks for Rel-18 ULTx switching, it needs to guarantee the capability reported for Rel-18 does not exceed the capability working for Rel-16/Rel-17. On the other hand, the legacy network is not required to obtain UE capability of Tx switching between 2 bands from the FSC including 3/4 UL bands. To guarantee the legacy network can configure UL Tx switching between two bands, the UE should report FSC including 2 FeatureSetUplink as well.
Proposal 5: If RAN2 agree the 3/4 FeatureSetUplink are reported in one row for the 3/4 UL bands involved in Rel-18 UL Tx switching for a given BC, fallback and backward compatibility should be supported in the following way:
· The UE needs to guarantee the FeatureSetUplinks reported for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if the Rel-16/Rel-17 switching period is reported for that band pair and the same switching option of the band pair is supported for Rel-16/Rel-17 switching.
· The UE needs to report FSC row for Rel-16/Rel-17 UL Tx switching explicitly if the Rel-16/Rel-17 switching period is reported for that band pair.
The above method also means the capability reporting is duplicated for Rel-18, because the band pairs involved in Rel-18 switching are likely reported for Rel-16/Rel-17 switching already. To reduce the signalling overhead, another possibility is to combine the FeatureSets reported for 2 bands Tx switching capabilities in Rel-16/17 to indicate 3/4 band Tx switching capability as shown below:
[image: ]
Figure 2: Combine R16/17 feature sets for R18 Tx switching
Proposal 6: In order to reduce signalling overhead, the FeatureSets reported for Rel-16/Rel-17 Tx switching between 2 bands can be combined to substitute the FSC row of 3/4 UL bands for Rel-18 UL Tx switching. 
2.2 RRC configuration
2.2.1 RRC configuration of switching option (Switched UL or Dual UL)
In Rel-16/17, the option is configured via uplinkTxSwitchingOption-r16 included in CellGroupConfig at per UE level because the UE capability of supported switching option is reported per band combination. However, in Rel-18 UL Tx switching, RAN1 confirmed the switching option can be different among different band pair in one band combination, it is reasonable to configure the switching period for each band pair to accommodate the different capability. From signalling point of view, there are two ways to enable the per band pair configuration.
· Option 1: Introduce explicit per band pair signalling, i.e. configuration of {Switched UL or Dual UL} for each band pair.
· Option 2: Reuse the Rel-16/Rel-17 per UE signalling. If switchedUL is configured, all the band pairs work in the switched UL mode; otherwise if dualUL is configured, the band pairs supporting dual UL work in the dual UL mode, while the band pairs only supporting switchedUL should work in the switched UL mode.
We understand both options work well, but considering in general we always try to reuse existing signalling when possible, we prefer option 2 slightly.
Proposal 7: For Rel-18 UL Tx switching among 3/4 band pair, legacy signalling uplinkTxSwitchingOption-r16 is reused in the following way:
· If switchedUL is configured, all the band pairs work in the switched UL mode; 
· Otherwise if dualUL is configured, the band pairs supporting dualUL work in the dual UL mode, while the band pairs only supporting switchedUL should work in the switched UL mode.
2.2.2 RRC configuration of switching period location
RAN4 confirmed the location should be configured per band pair like in Rel-16/Rel-17 according to the below agreement. But considering there may be two band pairs involved upon one time UL Tx switching, it would be better that the switching period impacts minimum number of bands. Hopefully RAN4/RAN1 will introduce an optimized method to handle the case. 
	–	For single-TAG case, RAN4 agrees to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.


Proposal 8: For Rel-18 UL Tx switching among 3/4 bands, the switching period location is configured for each band pair. Further updates are possible if more inputs from RAN4/RAN1.
2.2.3 RRC configuration of associated band for oneT in DualUL
In Rel-17, the RRC parameter uplinkTxSwitching-DualUL-TxState can indicate {oneT, twoT} to address the ambiguity of the Tx state when only one Tx is needs to be switched. In Rel-18 UL Tx switching, two similar ambiguity cases are identified by RAN1 as below. And one new RRC parameter of associated band is agreed to address case#2. From signalling point of view, the associated band is configured per band, and it should be easy to be captured in RRC spec. 
	For dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is based on new RRC parameter
Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled


Proposal 9: For Rel-18 UL Tx switching among 3/4 bands, existing signalling uplinkTxSwitching-DualUL-TxState-r17 is reused to indicate the state of Tx chains for dualUL mode. A new per-band RRC configuration is introduced to configure associated band for each band, which indicates on which band one Tx is assumed when the other Tx chain is to be switched to a band, if oneT is configured in uplinkTxSwitching-DualUL-TxState-r17.
2.2.4 RRC configuration of 2T mode (1Tx-2Tx switching, 2Tx-2Tx switching)
In Rel-17, the field uplinkTxSwitching-2T-Mode-r17 was introduced, when looking back the main usage of this configuration is to determine whether the switching period of Rel-17 2Tx-2Tx switching should be used when determine the UL switching gap. As discussed in 2.1.1, RAN4 already agree that the switching periods can be different for 1Tx-2Tx switching and 2Tx-2Tx switching in Rel-18, this kind of configuration seems still to be useful. But the existing field is in CellGroupConfig, i.e. per UE configuration, it cannot be inherited in Rel-18 directly, i.e. new per band pair level signalling is needed to configure 2T mode. Since this is also related the capability reporting for switching period, for instance whether there would be 1Tx-1Tx switching and corresponding switching period, which should be confirmed by RAN4, we suggest to suspend the signalling and capture it together with switching period. And if there are RAN4/RAN1 inputs to hint the signalling is not needed or should be other granularity, we can follow that.
Proposal 10: For Rel-18 UL Tx switching among 3/4 bands, whether new signalling indicating the mode of 1Tx-2Tx switching, 2Tx-2Tx switching[, and 1Tx-1Tx switching] for each band pair is pending to RAN4/RAN1’s further discussion.
1. Conclusion
Based on the above discussion, the proposals from our side are: 
Proposal 1: For the RAN4 UE capability of unaffected/maintained UL transmission on the unchanged Tx chain when the other Tx chain is switching, and RAN1 UE capability of minimum separation time, RAN2 wait for further RAN4/RAN1 agreements on the attributions, e.g. granularity.  
Proposal 2: For the capability reporting of supported switching option, RAN2 take per-band pair signalling as baseline (i.e. for a band combination supporting Rel-18 UL Tx switching, UE indicates {switchedUL, dualUL, both} for each band pair), and further signalling overhead reduction can be done later. 
Proposal 3: For switching period, RAN2 wait for the RAN4 decision on whether different values can be reported in Rel-18 and whether/how to handle the 1Tx-1Tx switching.
Proposal 4: Indicating the support of 2 ports UL transmission on some bands in a band combination can be done via legacy capabilities, e.g. MIMO layer and port number, therefore no new capability is to be introduced for Rel-18 UL Tx switching.
Proposal 5: If RAN2 agree the 3/4 FeatureSetUplink are reported in one row for the 3/4 UL bands involved in Rel-18 UL Tx switching for a given BC, fallback and backward compatibility should be supported in the following way:
· The UE needs to guarantee the FeatureSetUplinks reported for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if the Rel-16/Rel-17 switching period is reported for that band pair and the same switching option of the band pair is supported for Rel-16/Rel-17 switching.
· The UE needs to report FSC row for Rel-16/Rel-17 UL Tx switching explicitly if the Rel-16/Rel-17 switching period is reported for that band pair.
Proposal 6: In order to reduce signalling overhead, the FeatureSets reported for Rel-16/Rel-17 Tx switching between 2 bands can be combined to substitute the FSC row of 3/4 UL bands for Rel-18 UL Tx switching. 
Proposal 7: For Rel-18 UL Tx switching among 3/4 band pair, legacy signalling uplinkTxSwitchingOption-r16 is reused in the following way:
· If switchedUL is configured, all the band pairs work in the switched UL mode; 
· Otherwise if dualUL is configured, the band pairs supporting dualUL work in the dual UL mode, while the band pairs only supporting switchedUL should work in the switched UL mode.
Proposal 8: For Rel-18 UL Tx switching among 3/4 bands, the switching period location is configured for each band pair. Further updates are possible if more inputs from RAN4/RAN1.
Proposal 9: For Rel-18 UL Tx switching among 3/4 bands, existing signalling uplinkTxSwitching-DualUL-TxState-r17 is reused to indicate the state of Tx chains for dualUL mode. A new per-band RRC configuration is introduced to configure associated band for each band, which indicates on which band one Tx is assumed when the other Tx chain is to be switched to a band, if oneT is configured in uplinkTxSwitching-DualUL-TxState-r17.
Proposal 10: For Rel-18 UL Tx switching among 3/4 bands, whether new signalling indicating the mode of 1Tx-2Tx switching, 2Tx-2Tx switching[, and 1Tx-1Tx switching] for each band pair is pending to RAN4/RAN1’s further discussion.
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