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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This is to discuss the left issues for Tx switching.
Discussion on UE Capability
Issues in [Post121][045]
Current RRC allows UE to report band-pair(s) supporting R16/R17 Tx-switching for a BC via 
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}
If we reuse the r16 band pair indication, e.g., for a 3-band BC of band-A/B/C, if UE report 
a/ A 3-band FSC, where MIMO layer = 2 for all band-A/B/C, and 
b/ three band-pairs for Tx switching, i.e., A+B, B+C, A+C
It may have two interpretations:
1/ UE supports 2-band switching on two bands, e.g., band A+B, e.g., switching between (2T, 0T), (1T, 1T) and (0T, 2T). Similarly for B+C and A+C.
2/ UE supports R18 3-band switching on band A+B+C, i.e., switching between (1T, 1T, 0T) and (0T, 0T, 2T).
One solution is to allow 3/4-band FSC, but differentiate between indication of 2-band Tx switching and 3/4-band Tx switching. E.g., 
1/ Relying on bandIndexULxx-r16 / uplinkTxSwitchingPeriod-r16 / uplinkTxSwitchingPeriod2T2T-r17 for 2-band switching, but 
2/ Introducing a bandIndexULxx-v18 indication / uplinkTxSwitchingPeriod-r18 for 3/4-band switching. 
Given the following restriction, it seems feasible
	supportedBandPairListNR-r16, supportedBandPairListNR-v1700
Indicates a list of band pair supporting UL Tx switching as defined in TS 38.101-1 [15] for a given band combination.
A UE supporting 2Tx-2Tx switching should include both of supportedBandPairListNR-r16 and supportedBandPairListNR-v1700. And the UE shall include the same number of entries listed in the same order as in supportedBandPairListNR-r16.
If the UE does not support 2Tx-2Tx switching for a given band pair, the field of uplinkTxSwitchingPeriod2T2T in the corresponding entry is absent.


As captured in P6 of [045] 
Proposal 6.  Continue discussion to down-select from following alternatives.
Alt.1:   RAN2 introduce one per-band-pair UE capability to report a length of a switching period.
Alt.2a: RAN2 introduce two per-band-pair UE capabilities, a length of a switching period for 1Tx-2Tx switching (like Rel-16) and that for 2Tx-2Tx switching (like Rel-17). If the UE supports both 1T-2T and 2T-2T switching for the band pair, the UE shall report both capabilities.
Alt.2b: RAN2 introduce two per-band-pair UE capabilities, a length of a switching period for 1Tx-2Tx switching (like Rel-16) and that for 2Tx-2Tx switching (like Rel-17). If the UE supports both 1T-2T and 2T-2T switching for the band pair, the UE can report
- both capabilities.
- either of capabilities to be applied to both switching. (FFS on which is reported.)
The further issue is whether we need to have separate reporting for 1T-2T and 2T-2T, for which we believe there is no need to further complicate the procedure since UE can adopt a longer value of the two to report.
Proposal 1 [bookmark: _Toc131520579]For P6 from [Post121][045], adopt Alt-1, and the UE is mandatory to include the switching period value even if the value is the same as R16/17 2-band switching.
Another issue is the feasibility of 3/4 band FSC entry, as captured in [045] summary
Continue discussion
Proposal 1.  RAN2 wait for RAN4 conclusion on fallback of Rel-18 Tx switching to Rel-16/17 Tx switching. In parallel, RAN2 continue following discussion:
-	If it is possible that UE supports both Rel-18 and Rel-16/17 UL Tx switching for the same band combination,
	Approach 1: the 3/4 FeatureSetUplink are reported in one row in FSC for the 3/4 UL bands involved in Rel-18 UL Tx switching;
	Note: If Approach 1 is down-selected, 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.
	Note: If Approach 1 is down-selected, discuss if UEs are allowed to report feature sets for Rel-16/17 UL Tx switching apart from that for Rel-18 UL Tx switching.
	Approach 2: the FeatureSets reported for Rel-16/17 Tx switching between 2 bands can be combined to indicate UL capabilities on the 3/4 UL bands for Rel-18 UL Tx switching;
Please note that opponents may argue that it would lead to restriction of UE capability, e.g., 
In the example above, the band 2 can be paired with band 1 or band 3 and assuming:
· the carrier in band1 is 100MHz;
· the carrier in band 3 is 50MHz; 
· the UE can process 150MHz in total;
[bookmark: _Hlk118189643]The carrier in band 2 can only be set to less than 50MHz considering it might be paired with band1 in dual UL transmission. However, when it paired with band 3, the actual capability for band 2 can be extended to 100MHz while it can’t be reported in this scheme. therefore, this report scheme would restrict the report flexibility from UE side.
And thus argue this issue can be solved by always reporting 2-band FSC, so that network cannot misunderstand, but this would lead to unnecessary signaling overhead, comparing three 2-band FSC versus a single 3-band FSC. 
Firstly, this issue only comes from concurrent transmission, i.e., if we limit to switched-UL, there is no dependency between the capability of each FS entry.
Secondly, even for dual-UL, this issue exists since R16, i.e., even for a 2-band FSC, if
· UE can support 150MHz on band-A alone, i.e., for 2T on band-A, or
· UE can support 50MHz on band-B and 100MHz on band-A, i.e., for 1T-1T on band-A/B
If we follow this logic, it means even for 2-band Tx switching, UE should not use a single 2-band FSC, with MIMO-layer = 1 on band-B and MIMO-layer = 2 on band-A for the 2-band Tx switching, since that may lead to lower BW when UE is configured to transmit via 2T on band-A only. A similar issue exists for R17 2T-2T Tx switching. 
But please note that we concluded previously for R16 Tx switching, at R2#111 that
[019] Confirm that apart from the agreed 1T+2T UE capability there is no need to report 1T+1T UE capability in new BC list specific for inter-band CA/EN-DC option2.
So there seems no need to revisit this issue again. 
Observation 1 R2 concluded not to handle the capability difference between dual-UL and switched-UL, since R16 2-band Tx switching. 
Proposal 2 [bookmark: _Toc131520580]For P1 from [Post121][045], R2 adopt Approach-1, and clarify UE is not required to but can report additional 2-band FSC entry (as in legacy if it is with higher capability than parent FSC entry).
Other issues
At 120, it was agreed that
R2 assumes to reuse the per band per BC capability, uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17, on UL-MIMO coherence for the 2Tx-capable UL band(s) for Rel-18 UL Tx switching (fallback description FFS).
For R18 Tx switching involving 2 bands, it is just legacy R16/17 Tx switching, so the delta part is on 3/4 band switching, for which it is assumed the legacy spec is sufficient to handle the fallback issue.
	UplinkTxSwitchingBandParameters-v1700
Contains the UL Tx switching specific band parameters for a given band combination.
The capability signalling comprises of the following parameters:
-	bandIndex-r17 indicates a band on which UE supports dynamic UL Tx switching with another band in the band combination. bandIndex xx refers to the xxth band entry in the band combination.
-	uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17 indicates support of the uplink codebook subset for the carrier(s) on a band capable of two antenna connectors on which UE supports dynamic UL 2Tx-2Tx switching with another band in the band combination. UE indicating support of full coherent codebook subset shall also support non-coherent codebook subset. If this field is absent, the per BC UE capability reported in uplinkTxSwitching-PUSCH-TransCoherence-r16 is applied, and if this field and uplinkTxSwitching-PUSCH-TransCoherence-r16 are both absent, the UE capability reported in pusch-TransCoherence is applied when uplink Tx switching is triggered between last transmitted SRS and scheduled PUSCH transmission, as specified in TS 38.101-1 [2].
	BC
	No
	N/A
	FR1 only

	uplinkTxSwitching-PUSCH-TransCoherence-r16
Indicates support of the uplink codebook subset when uplink 1Tx-2Tx switching is triggered between last transmitted SRS and scheduled PUSCH transmission, as specified in TS 38.101-1 [2].
UE indicating support of full coherent codebook subset shall also support non-coherent codebook subset.
If the field is absent, the supported uplink codebook subset indicated by pusch-TransCoherence applies when the uplink switching is triggered between last transmitted SRS and scheduled transmission.
	BC
	No
	N/A
	FR1 only


Proposal 3 [bookmark: _Toc131520581]For R18 Tx switching involving 3/4 band, if uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17 is absent, the per BC UE capability reported in uplinkTxSwitching-PUSCH-TransCoherence-r16 is applied, and if this field and uplinkTxSwitching-PUSCH-TransCoherence-r16 are both absent, the UE capability reported in pusch-TransCoherence is applied.
Although R1 reached the following WA
Agreement
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximum 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}
It is not clear on the granularity of Xus, for which R1 has a say.
Proposal 4 [bookmark: _Toc131520582]R2 wait for R1 conclusion on capability granularity before adding capability for separation time.

Conclusion
We have the following proposals:
Proposal 1	For P6 from [Post121][045], adopt Alt-1, and the UE is mandatory to include the switching period value even if the value is the same as R16/17 2-band switching.
Proposal 2	For P1 from [Post121][045], R2 adopt Approach-1, and clarify UE is not required to but can report additional 2-band FSC entry (as in legacy if it is with higher capability than parent FSC entry).
Proposal 3	For R18 Tx switching involving 3/4 band, if uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17 is absent, the per BC UE capability reported in uplinkTxSwitching-PUSCH-TransCoherence-r16 is applied, and if this field and uplinkTxSwitching-PUSCH-TransCoherence-r16 are both absent, the UE capability reported in pusch-TransCoherence is applied.
Proposal 4	R2 wait for R1 conclusion on capability granularity before adding capability for separation time.
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