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1. Introduction
In RAN2#119e meeting, companies discussed Rel-18 UL Tx switching and made the following conclusions:
	· As a baseline, RAN2 reuse Rel-16/17 UL Tx switching band combination list (i.e. BandCombinationList-UplinkTxSwitch-r16) for Rel-18 UL Tx switching capability reporting.
· As a baseline, uplink bands for Rel-18 UL Tx switching are configured as in legacy way, i.e. by UplinkConfig.
· 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.


As we can see, it is not mature to discuss the signalling design in RAN2 because many open issues are pending on the inputs from other WGs. After RAN1#110, RAN1 made the following work assumption on the switching mechanism for R18 UL Tx switching across 3 or 4 bands.  
	RAN1#110 Working assumption
· 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, RAN2 receives a new LS [1] from RAN4 which includes the latest RAN4 agreements. Based on these inputs, we further discuss the design of UE capability and RRC reconfiguration, and identify the remaining open issues.
2. UE capability signalling
Similar to Rel-16/17 UL Tx switching, the granularity of switching period is the key issue that impacts the UE capability signalling design. In RAN4’s LS, they made the following agreements for Rel-18 switching period.  
	RAN4 agreements:
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.


Based on above agreements, we can see that Rel-18 switching period is still per-band pair signaled, the UE can indicate different switching periods for 1Tx-2Tx switching and 2Tx-2Tx switching. However, for a specific band pair, RAN4 hasn’t concluded on whether the same or different switching periods for Rel-18 and Rel-16/17 can be signaled, which means it is unclear whether the switching period signaled for Rel-16/17 can be used in Rel-18 UL Tx switching. 
Observation 1 	Based on RAN4 conclusion, Rel-18 switching period should be per-band pair per BC signaled, however, for a specific band pair, it is unclear whether the signaled Rel-16/17 switching period can be applied to Rel-18 UL Tx switching.
Rel-16 and Rel-17 only support UL Tx switching across 2 bands, so based on the reported band pairs, the network knows which 2 bands can be configured for Rel-16 and Rel-17 UL Tx switching. However, the Rel-18 UL Tx switching can across 3 or 4 bands, but only supports concurrent UL transmission on 2 UL (out of 3 or 4) bands, so if the UE only reports per-band pair level switching period, it is still unclear to the network which 3 or 4 bands can be configured for Rel-18 UL Tx switching. 
An example is provided below, for band combination A+B+C+D, the UE supports UL Tx switching for multiple band-pairs (A+C, A+B, C+D, B+C). Then the UE indicates the band pairs and corresponding switching period. But on top of it, the UE only supports Rel-18 UL Tx switching for A+B+C (3 bands) or B+C+D (3 bands); the UE does not support Rel-18 UL Tx switching for A+B+C+D (4 bands) and other cases. So if only band pairs are reported, it is unclear to the network that which 3 or 4 bands can be configured with Rel-18 Rel-18 UL Tx switching. 


Figure 1 Example of UE capability signalling structure
Observation 2 	If only supported band pairs (2 bands) are reported, from network perspective, it is unclear which 3 or 4 bands can be configured with Rel-18 UL Tx switching.
To address this issue, we think it is straightforward to indicate the combination subsets composed of 3 or 4 bands in UE capability. In above example, the UE can indicate the support of “band group A+B+C” and “band group B+C+D” to the network. 
If the network enables band group A+B+C, for switching from A+B to B+C, the switchPeriod-2 applies; for switching from A+C to A+B, the switchPeriod-4 applies. While for switching from A+B to only C, whether to apply switchPeriod-1 or switchPeriod-4 is still under RAN1’s discussion. 
But in any case, we should avoid the network to deduce the applicable 3 or 4 bands based on the reported band pairs, because it is too complex and may cause mis-match between the UE and the gNB. 
Proposal 1 	In addition to band pairs, the UE can explicitly indicate the band group which composed of 3 or 4 bands in UE capability for Rel-18 UL Tx switching. 
Regarding whether to reuse Rel-16 and Rel-17 switching period signalling, RAN2 can wait for RAN4’s progress. 
Proposal 2 	Wait for RAN4 on whether to reuse Rel-16/17 switching period signalling for the same band pair. 
3. RRC reconfiguration
For Rel-16/17 UL Tx switching, the enabled carriers are configured via servingCellConfig->UplinkConfig, the network can indicate “carrier1/2” and “Switching period location”: 
UplinkConfig ::=                    SEQUENCE {
    initialUplinkBWP                    BWP-UplinkDedicated                                                     OPTIONAL,   -- Need M
    uplinkBWP-ToReleaseList             SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                              OPTIONAL,   -- Need N
    uplinkBWP-ToAddModList              SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink                          OPTIONAL,   -- Need N
    firstActiveUplinkBWP-Id             BWP-Id                                                                  OPTIONAL,   -- Cond SyncAndCellAdd
    pusch-ServingCellConfig             SetupRelease { PUSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    carrierSwitching                    SetupRelease { SRS-CarrierSwitching }                                   OPTIONAL,   -- Need M
    ...,
    [[
    powerBoostPi2BPSK                   BOOLEAN                                                                 OPTIONAL,   -- Need M
    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
    [[
    enablePL-RS-UpdateForPUSCH-SRS-r16  ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUSCH0-0-r16 ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUCCH-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForSRS-r16      ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    uplinkTxSwitching-r16               SetupRelease { UplinkTxSwitching-r16 }                                  OPTIONAL,   -- Need M
    mpr-PowerBoost-FR2-r16              ENUMERATED {true}                                                       OPTIONAL    -- Need R
    ]]
}

UplinkTxSwitching-r16 ::=              SEQUENCE {
    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,
    uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}
}
For Rel-18 UL Tx switching, the dynamic switching is triggered by DCI, but still the UE needs to know which 3 or 4 bands are configured for UL Tx switching, from signalling point of view, one possible solution is to reuse the same method, e.g. indicated in UplinkConfig. 
However, for switching period location, different from Rel-16/17 UL Tx switching, there may be multiple band pairs within the 3 or 4 bands, if switching period location is configured per-band pair, then it may cause ambiguity.
For example, in scenario 1, the UE is switching from A+B to C, even if the network already indicates the switching period location for band pair A+C and band pair B+C, it is unclear which Tx (from A or B) is switched, so it is unclear which switching period location configuration should be applied. 


Figure 2 Rel-18 UL Tx switching-Scenario 1
Similarly, in scenario 2, when the UE is switching from band pair A+B to band pair C+D, it is unclear whether the switching location configured for band pairs A+C and B+D should be applied, or the configuration of band pairs A+D and B+C should be applied. 


Figure 3 Rel-18 UL Tx switching- Scenario 2
The above issue also exists in determining the switching period value. 
Observation 3 	Even if switching period location is per band pair configured, there is ambiguity in some scenarios.
From RAN2 perspective, we think how to configure switching period location and how to determine switching period for specific case can be further discussed in RAN1 and RAN4, we can discuss the RAN2 signalling once receives their inputs. 
Proposal 3 	Wait for RAN1 and RAN4 on how to configure the switching period location and how to determine the switching period. 
In addition, uplinkTxSwitching-DualUL-TxState-r17 IE is introduced in Rel-17 UL Tx switching, this field indicates the state of Tx chains if the state of Tx chains after UL Tx switching is not unique. From function point of view, this field clarifies the state after UL Tx switching, so “switching from” band or band pair does not matter. For Rel-18 UL Tx switching, it is feasible to reuse the existing signalling, which means in above scenario 2, for switching target C+D, they apply the same Tx state if the state of Tx chains after UL Tx switching are not unique.   
Observation 4 	From function point of view, for Rel-18 UL Tx switching, it is feasible to reuse existing uplinkTxSwitching-DualUL-TxState-r17 field (finer granularity is not needed).
[bookmark: _GoBack]However, similar to the discussion on other RRC parameters, we suggest to wait for RAN1 and RAN4 before determining the final solution.
Proposal 4 	Wait for RAN1 and RAN4 on how to indicate the Tx state if the state of Tx chains after the UL Tx switching is not unique. 
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1 	Based on RAN4 conclusion, Rel-18 switching period should be per-band pair per BC signaled, however, for a specific band pair, it is unclear whether the signaled Rel-16/17 switching period can be applied to Rel-18 UL Tx switching.
Observation 2 	If only supported band pairs (2 bands) are reported, from network perspective, it is unclear which 3 or 4 bands can be configured with Rel-18 UL Tx switching.
Observation 3 	Even if switching period location is per band pair configured, there is ambiguity in some scenarios.
Observation 4 	From function point of view, for Rel-18 UL Tx switching, it is feasible to reuse existing uplinkTxSwitching-DualUL-TxState-r17 field (finer granularity is not needed).
Proposal 1 	In addition to band pairs, the UE can explicitly indicate the band group which composed of 3 or 4 bands in UE capability for Rel-18 UL Tx switching. 
Proposal 2 	Wait for RAN4 on whether to reuse Rel-16/17 switching period signalling for the same band pair. 
Proposal 3 	Wait for RAN1 and RAN4 on how to configure the switching period location and how to determine the switching period. 
Proposal 4 	Wait for RAN1 and RAN4 on how to indicate the Tx state if the state of Tx chains after the UL Tx switching is not unique. 
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