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Introduction
The last RAN1 meeting began the discussion on the maintenance of Rel-18 UL Tx switching across up to 4 bands and the following were agreed [1].
	Agreement
For the specification (latest draft CR from the editor) of minimum separation time in TS38.214, remove the description “or the capability is not reported by the UE,”
Agreement
Send the RAN1 recommendation on the update of TS38.300 to RAN2/4 as below.
· In uplink CA or SUL, a UE configured with uplink Tx switching can have Tx chain(s) dynamically switched from one uplink carrier band or two uplink bands to another uplink carrier band or two uplink bands for enabling up to 2Tx UL transmission on that carrierin one uplink band or simultaneous UL transmissions in two uplink bands at a time.
Final LS is approved in R1-2310492.
Conclusion
When UE is configured with 3 or 4 bands for Rel-18 UL Tx switching, it is RAN1 understanding that the determination of switching period location is based on the band priority even for the switching involving only 2 bands.
Agreement
For the TS38.214, conditions for triggering switch and descriptions on determination of the length of switching period for different switching cases with dual uplink with more than two bands involved in one uplink TX switching,
· Alt.3: it is kept in both TS38.214 and TS38.101-1 (TS38.214 refers TS38.101-1 and vice versa)
· From RAN1 point of view, conditions for triggering switching is in TS38.214, and the length determination of switching period should be in TS38.101-1
· Send an LS to RAN4 to reflect the above in their specification. Final version is approved in R1-2310584.
Agreement
Update the RAN1 agreement made at RAN1#112 meeting as below and send LS to RAN4/2 to inform the updated agreement.
Alt.5: gNB configures priorities to each carrier/band.
· The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band among set of bands, where each band in the set satisfies the following condition: 
· (for switched UL) is contained in either switching-from band(s) or switching-to band(s) (not both) with actual transmission.
· (for dual UL) is contained in either switching-from band(s) or switching-to band(s) (not both) with or without actual transmission
Final version is approved in R1-2310679.



The draft CR on TS38.214 for the introduction of Rel-18 UL Tx switching was discussed post the last meeting and agreed in [2].
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In this contribution, we discuss some remaining issues for the maintenance of Rel-18 UL Tx switching.
Discussion on remaining issues
Ambiguity handling for dual UL
In case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B, the last meeting had listed the potential alternatives regarding how to determine the switching-to band of another Tx chain: [3]
· Alt.1: another Tx chain is switched to band B regardless of configured associated band of band B
· Alt.2: another Tx chain is switched to configured associated band (band C) of band B if the associated band is configured for band B, otherwise another Tx chain is switched to band B
From the spirit of introducing associated band, Alt. 2 is suggested to be adopt.
Proposal 1: In case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B, another Tx chain is switched to configured associated band (band C) of band B if the associated band is configured for band B, otherwise another Tx chain is switched to band B.
Another case to be further discussed is in case that up to 2 ports transmission on band B is not supported but twoT is indicated and the switching is performed from 2T on band A (or 1T+1T on band A+C) to 1 port transmission on band B, whether another Tx chain should be switched to band B. The alternatives listed in previous meeting are: [3]
· Alt.1: another Tx chain is also switched to band B since twoT is configured
· Alt.2: another Tx chain is switched to configured associated band of band B if the associated band is configured for band B even though twoT is configured, otherwise another Tx chain is switched to band B
From our perspective, if the next 1 port transmission band B does not support up to 2 ports transmission and is configured with an associated band, switching two Tx chains to band B is of no use and would cause additional switching back to the associated band for future transmission on the associated band. Thus even if twoT is configured, UE performs switching as oneT is configured.
Proposal 2: In case that up to 2 ports transmission on band B is not supported but twoT is indicated and the switching is performed from 2T on band A (or 1T+1T on band A+C) to 1 port transmission on band B, another Tx chain is switched to configured associated band of band B if the associated band is configured for band B, otherwise another Tx chain is switched to band B.
Ambiguity between one switching and two switchings
If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), it was raised to discuss how to perform Tx switching in previous meeting, i.e. the two Tx chains are switched together as one Rel-18 Tx switching or switched as twice of Rel-18 Tx switching with separate switching periods.
We think there is also similar issue for Tx switching in previous release. As an example of 2Tx-2Tx switching between band A and B, two Tx chains are currently located on band A and uplinkTxSwitching-DualUL-TxState is configured as twoT, two one port UL transmissions are scheduled with the first one on band B and the second one on band A. If they are overlapped, one Tx chain is switched to band B for the two UL transmissions. Otherwise, both Tx chains are switched to band B for the first UL transmission and then switched to band A for the second UL transmission. Rel-18 can refer the mechanism in Rel-17 for the similar issue. The basic mechanism is based on the grants, if two UL transmissions on different bands are scheduled after Tx switching, when the two UL transmissions are at least partially overlapped in time domain, UE performs it as one Tx switching to transmit the two UL transmissions, otherwise as one possible Tx switching to transmit first UL transmission and another possible Tx switching to transmit second UL transmission. 
Based on Rel-17 timeline determination of Tx switching, if the two Tx chains are triggered to switch between two different band pairs, the UL grant should be received no later than the earlier time between T01-Toffset01 and T02-Toffset02, T01 / T02 is the start of the earlier/later UL transmission, Toffset1/ Toffset2 is the corresponding processing time of the earlier/later UL transmission.
Proposal 3: Conclude the Rel-17 mechanism can be reused to determine the switching for Rel-18 Tx switching:
· When a UE is triggered to perform TX switching for two UL transmissions on different bands, UE uses grants received before the earlier time between T01-Toffset01 and T02-Toffset02 to determine how to perform switching, where T01 / T02 is the start of the earlier/later UL transmission, Toffset1/ Toffset2 is the corresponding processing time of the earlier/later UL transmission.
· Based on the grants, when the two UL transmissions are at least partially overlapped in time domain, UE performs it as one Tx switching to transmit the two UL transmissions, otherwise as one possible Tx switching to transmit first UL transmission and another possible Tx switching to transmit second UL transmission.
Deactivation of the cell in one band in UL Tx switching band combination
The issue about deactivation of all the cells in one band configured for UL Tx switching was raised in the last meeting [3]. Whether UL Tx switching framework needs to be fallback to UL Tx switching for smaller number of bands (e.g., Rel-18 switching for 3 or 4 bands to Rel-16/17 switching for 2 bands) when all cells in one band are deactivated was proposed to be discussed. Although fallback to UL Tx switching with smaller number of bands can match the Tx switching procedure to actual uplink scheduling, it will cause RRC signaling overhead to update the associated band configuration if all the cells on an associated band are deactivated. The RRC signaling can not be updated as fast as Scell activation /deactivation which can be indicated by MAC-CE command. The simple way is the activated cells are chosen for UL transmission by gNB implementation. And the associated band configuration is still valid even if all Scell(s) on the band of associated band are deactivated.
Proposal 4: Conclude the associated band configuration is still valid even if all Scell(s) on the band of associated band are deactivated.
Discussion on TS38.214 CR
On capturing the switching condition to transmit a 1-port transmission on 1st band and the preceding is 1T + 1T on 2nd and 3rd band
For the switching case highlighted in yellow in the below agreement, the switching triggering is not clearly defined in the current editor’s CR [2].
	Agreement
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)



Firstly, the below paragraph of spec only specifies how the UE determines the Tx state after switching, but does not say the UE is not expected to transmit for the duration of NTx1-Tx2. It is not clear by the “as if” clause the UE behavior is to check other switching cases specified by the “When” bullet.
	-	If the UE is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', when the UE is under the operation state in which 1-port transmission can be supported on one carrier on the 1st band and the 2nd band followed by no transmission on any carrier on these two bands and 1-port transmission on the other carrier on the 3rd band the UE shall consider this as if 1-port transmission was transmitted on the 3rd band and the band associated with the 3rd band as configured by AssociatedBand, otherwise the UE shall consider this as if 2-port transmission took place on the transmitting carrier.



Secondly, RAN1 spec is from “port” perspective. The discussed case is the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band, which is not the same as any switching case the below “when” bullets describe. The below “when” bullets correspond to the switching cases highlighted in other colors respectively, which should not be mixed with the yellow colored one.
	-	When the UE is to transmit a 2-port transmission on one uplink carrier on the 1st band and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the switching gap defined in [8, TS 38.101-1].
-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port or 2-port transmission on a carrier on the 3rd band and the UE is under the operation state in which 2-port transmission can be supported on the 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the switching gap defined in [8, TS3 8.101-1].
-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 1st and 3rd band, if UE indicates UplinkTxSwitchingAdditionalPeriodDualUL for the 1st band for band pair{the 2nd band, the 3rd band} then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, otherwise then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers , where NTx1-x2 is the switching gap defined in [8, TS3 8.101-1].
-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 3rd band and/or the 4th band and the UE is under the operation state in which 1-port transmission can be supported in the 3rd and 4th band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the switching gap defined in [8, TS 38.101-1].




Proposal 5: Explicitly specify the switching triggering for the switching condition “When the UE is to transmit a 1-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band)”.
The proposed TP on TS38.214 section 6.1.6.2.2 addressing this issue is as below.
	<omitted text>
-	When the UE is to transmit a 2-port or 1-port transmission on one uplink carrier on the 1st band and is configured with uplinkTxSwitching-DualUL-TxState set to 'twoT', or configured with uplinkTxSwitching-DualUL-TxState set to 'oneT' and the 1st band is not configured as dualUL for any band pair it belongs to, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the switching gap defined in [8, TS 38.101-1].
-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port or 2-port transmission on a carrier on the 3rd band and the UE is under the operation state in which 2-port transmission can be supported on the 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the switching gap defined in [8, TS3 8.101-1].
-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, or the UE is to transmit a 1-port transmission on one uplink carrier on the 2nd band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 2nd band is configured as 1st band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 1st and 3rd band, if UE indicates UplinkTxSwitchingAdditionalPeriodDualUL for the 1st band for band pair{the 2nd band, the 3rd band} then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, otherwise then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers , where NTx1-Tx2 is the switching gap defined in [8, TS3 8.101-1].
-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, or the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', and the band associated with the 1st band is configured as 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 3rd band and/or the 4th band and the UE is under the operation state in which 1-port transmission can be supported in the 3rd and 4th band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the switching gap defined in [8, TS 38.101-1].
<omitted text>


Corection for RRC parameter alignment
The parameter uplinkTxSwitchingMoreBands-r18 is defined in [4] for the indication of UL band list, band pair list and other configurations for Rel-18 UL Tx switching. It is proposed the parameter is also reflected in TS38.214 section 6.1.6 as the following TP.
	<omitted text>
6.1.6	Uplink switching
The UE may omit uplink transmission during the uplink switching gap  if the conditions defined in this clause are met and the UE is configured with uplinkTxSwitching or uplinkTxSwitchingMoreBands. The switching gap  is indicated by UE capability uplinkTxSwitchingPeriod2T2T if uplinkTxSwitching-2T-Mode is configured, and uplinkTxSwitchingPeriod otherwise in clauses 6.1.6.1, 6.1.6.2.0, 6.1.6.3, and is determined with UE capability uplinkTxSwitchingPeriodForBandPair in clause 6.1.6.2.2 for uplink switching with 3 or 4 uplink bands: 
<omitted text>



In [5][6], uplinkTxSwitchingMaintainedUL-Trans-r18 is defined to indicate that UL transmission with the number of Tx chain unchanged is allowed on the band during UL Tx switching between two other bands when UL Tx switching is configured as specified in 38.101-1. Absence of this field means there is interruption in all UL bands during the switching. So UplinkTxSwitchingAdditionalPeriodDualUL in the following sub-bullet should be uplinkTxSwitchingMaintainedUL-Trans.
	<omitted text>
-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 1st and 3rd band, if UE indicates UplinkTxSwitchingAdditionalPeriodDualUL uplinkTxSwitchingMaintainedUL-Trans for the 1st band for band pair{the 2nd band, the 3rd band} then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, otherwise then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers , where NTx1-Tx2 is the switching gap defined in [8, TS3 8.101-1].
<omitted text>



Parameter uplinkTxSwitchingOptionForBandPair-r18 is used for UE capability reporting indicating whether switchedUL or dualUL or both switching options is supported for a given band pair [5][6]. The paremeters in the below sub-bullet needs to be updated with aligned parameter name.
	<omitted text>
-	If the UE indicated a uplinkTxSwitchingOption-bandPair uplinkTxSwitchingOptionForBandPair set to ‘DualUL’, or ‘Both’ for a band pair in the band combination, the UE can be configured with switchingOptionConfigForBandPair set to 'dualUL' for that band pair.
-	If the UE indicated a uplinkTxSwitchingOptionForBandPair uplinkTxSwitchingOption-bandPair  set to ‘SwitchedUL’, or ‘Both’ for a band pair in the band combination, the UE can be configured with switchingOptionConfigForBandPair set to 'switchedUL' for that band pair.
<omitted text>



Proposal 6: Adopt the TP to reflect uplinkTxSwitchingMoreBands configuration, and correct the UE capability name as uplinkTxSwitchingMaintainedUL-Trans and uplinkTxSwitchingOptionForBandPair for Rel-18 Tx switching.
Conclusion
In this contribution, we discuss on the remaining issues for UL Tx switching across up to 4 bands and have following proposals:
Proposal 1: In case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B, another Tx chain is switched to configured associated band (band C) of band B if the associated band is configured for band B, otherwise another Tx chain is switched to band B.
Proposal 2: In case that up to 2 ports transmission on band B is not supported but twoT is indicated and the switching is performed from 2T on band A (or 1T+1T on band A+C) to 1 port transmission on band B, another Tx chain is switched to configured associated band of band B if the associated band is configured for band B, otherwise another Tx chain is switched to band B.
Proposal 3: Conclude the Rel-17 mechanism can be reused to determine the switching for Rel-18 Tx switching:
· When a UE is triggered to perform TX switching for two UL transmissions on different bands, UE uses grants received before the earlier time between T01-Toffset01 and T02-Toffset02 to determine how to perform switching, where T01 / T02 is the start of the earlier/later UL transmission, Toffset1/ Toffset2 is the corresponding processing time of the earlier/later UL transmission.
· Based on the grants, when the two UL transmissions are at least partially overlapped in time domain, UE performs it as one Tx switching to transmit the two UL transmissions, otherwise as one possible Tx switching to transmit first UL transmission and another possible Tx switching to transmit second UL transmission.
Proposal 4: Conclude the associated band configuration is still valid even if all Scell(s) on the band of associated band are deactivated.
Proposal 5: Explicitly specify the switching triggering for the switching condition “When the UE is to transmit a 1-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band)”.
Proposal 6: Adopt the TP to reflect uplinkTxSwitchingMoreBands configuration, and correct the UE capability name as uplinkTxSwitchingMaintainedUL-Trans and uplinkTxSwitchingOptionForBandPair for Rel-18 Tx switching.
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