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1	Introduction
In this contribution we discuss  
· support of {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}with switched/dual UL
· simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· back-to-back transmissions for SUL combinations
· [bookmark: _Hlk144731058]“simultaneous” switching on two band pairs for all scenarios

Based on our discussion, we propose that further work in RAN1 and RAN4 is needed before approving corresponding CRs on CA and SUL TX-switching band combinations.
2	Discussion
· Configuration of a SUL BC
It is indeed possible to configure a UE with the band combination {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}. However, it is not possible to indicate simultaneous transmission between a SUL and the corresponding NUL in a cell, but this is not due to a limitation in the RAN4 specifications. 
Proposal 1: It is specified in 38.214 and/or 38.331 that for a band combination including supplementary uplink bands, the switchingOptionConfigForBandPair-r18 is set to 'switchedUL' for band pairs for which the SUL carrier and the NUL carrier belong to the same serving cell. 
In general, UE behaviour and support of capabilities of the TX switching feature should not be specified in RAN4 specifications, only the relevant radio requirements and TX-switching bands combinations. 

· Dual UL on two SUL carriers
There are no RAN4 requirements for simultaneous transmission across 2 bands with a SUL transmission in a cell {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) in other serving cell(s). In clause 4 of 38.101-1 it is specified that
	For a terminal that supports SUL for the band combination specified in Table 5.2C-1, the current version of the specification assumes the terminal is configured with active transmission either on UL carrier or SUL carrier at any time in one serving cell and the UE requirements for single carrier shall apply for the active UL or SUL carrier accordingly.



that is, only the switched UL scenario is covered for any SUL transmission. In particular, for the configured maximum output power of a SUL band combination, 
	[bookmark: _Toc21344279][bookmark: _Toc29801765][bookmark: _Toc29802189][bookmark: _Toc29802814][bookmark: _Toc36107556][bookmark: _Toc37251322][bookmark: _Toc45888137][bookmark: _Toc45888736][bookmark: _Toc61367381][bookmark: _Toc61372764][bookmark: _Toc68230705][bookmark: _Toc69084118][bookmark: _Toc75467128][bookmark: _Toc76509150][bookmark: _Toc76718140][bookmark: _Toc83580450][bookmark: _Toc84404959][bookmark: _Toc84413568][bookmark: _Hlk508786183]6.2C.1	Configured transmitted power for SUL
When a UE is configured with both NR UL and NR SUL carriers in a serving cell with active transmission either on the UL carrier(s) or SUL carrier, the configured transmit power requirements specified in clause 6.2.4 [single CC] and 6.2A.4 [UL CA] are applicable for the UL carrier(s) and the SUL carrier, respectively.



There is no specification for concurrent transmissions, neither for wanted nor unwanted signals. Moreover, band combinations with 3-4 uplink bands with switching across 3-4 bands are not specified for SUL. 
Observation 1: Assuming the same TX switching framework applies for CA and SUL, support of dual UL for simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) is not possible due to missing requirements for these concurrent transmissions in the 38.101-1, notwithstanding the time masks discussed at RAN#100. Only NUL + NUL is supported with dual UL by the CA part of 38.101-1.

· Back-to-back transmissions for SUL combinations
In the LS [1], RAN4 informed RAN that
· For a UE configured with two serving cells, each with SUL, back to back transmission between two SUL carriers and back-to back transmission between SUL carrier and non-corresponding NUL carrier without any switching period can be supported by some UE implementations but enabling such feature will require RAN4 work. 
Now, clause 5 of 38.101-1 contains the following for a SUL band combination without TX-chain switching
	If a UE is configured with both NR UL and NR SUL carriers in a cell, the switching time between NR UL carrier and NR SUL carrier is 0 us.



This can make sense from an implementation perspective, for “standard” NUL-SUL each carrier can be associated with its own TX chain, the “target” prepared such that the actual PUSCH switch is carried out with “0 us” switching time. For TX switching, on the other hand, all SUL to NUL transitions require a switching period, from 6.1.6.3 of 38.214,
	-     If the UE is configured with uplink switching with parameter uplinkTxSwitching,
[bookmark: _Hlk42187124]-     If the UE is to transmit any uplink channel or signal on a different uplink on a different band from the preceding transmission occasion based on DCI(s) received before  or based on a higher layer configuration(s), then the UE assumes that an uplink switching is triggered in a duration of switching gap , where  is the start time of the first symbol of the transmission occasion of the uplink channel or signal and  is the preparation procedure time of the transmission occasion of the uplink channel or signal given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213], respectively. During the switching gap , the UE is not expected to transmit on any of the two uplinks.
-     In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.




The UE is of course allowed perform the actual switch faster than the indicated switching period, but this the network cannot assume. For a SUL to NUL back-to-back without dual UL on any band pair, the network cannot assume “0 us” for switching PUSCH even if “standard” for SUL since this depends on previous state of the TX chains.
Removing the “back-to back transmission between SUL carrier and non-corresponding NUL carrier without any switching period can be supported by some UE implementations” for the TX-switching scenario can perhaps simplify discussions.
Proposal 2: For a UE configured with two serving cells, each with SUL, the network does not assume back-to-back transmissions without switching periods for any band pairs. The same switching framework in 38.214 applies for CA and SUL with restrictions on dual UL for SUL and the corresponding NUL.

· “Simultaneous” switching on two band pairs 
Another itching issue in RAN4 has been simultaneous switching on two band pairs, whatever “simultaneous” means given that the location of the actual UE switching period is not specified. For “simultaneous” switching RAN4 has discussed a band-ordering approach for handling cases where the switching periods are different on band pairs. This needs further investigation as the network cannot force the UE to use a particular transition, only grant transmission and make sure that the transmission preparation times are due.
Observation 2: Tracking UL grants will be most complex for the 3-4 bands scenarios for both the network and the UE – it’s already complex for 2 bands – not only scheduled PUSCH transmissions trigger switches, also other configured transmissions. 
Proposal 3: Further work on 3-4 band switching scenarios is needed in RAN1 and RAN4. RAN4 CRs should not be approved before the RAN1 CR to 38.214 is approved. In addition to the time masks, RAN4 can also consider other outstanding requirements for concurrent SUL and NUL transmissions in switching band combinations.
3	Conclusions
For support of {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} and feasibility of dual UL for SUL configurations
Proposal 1: It is specified in 38.214 and/or 38.331 that for a band combination including supplementary uplink bands, the switchingOptionConfigForBandPair-r18 is set to 'switchedUL' for band pairs for which the SUL carrier and the NUL carrier belong to the same serving cell. 
Observation 1: Assuming the same TX switching framework applies for CA and SUL, support of dual UL for simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) is not possible due to missing requirements for these concurrent transmissions in the 38.101-1, notwithstanding the time masks discussed at RAN#100. Only NUL + NUL is supported with dual UL by the CA part of 38.101-1.
Proposal 2: For a UE configured with two serving cells, each with SUL, the network does not assume back-to-back transmissions without switching periods for any band pairs. The same switching framework in 38.214 applies for CA and SUL with restrictions on dual UL for SUL and the corresponding NUL.
For “simultaneous” switching across band pairs
Observation 2: Tracking UL grants will be most complex for the 3-4 bands scenarios for both the network and the UE – it’s already complex for 2 bands – not only scheduled PUSCH transmissions trigger switches, also other configured transmissions. 
Proposal 3: Further work on 3-4 band switching scenarios is needed in RAN1 and RAN4. RAN4 CRs should not be approved before the RAN1 CR to 38.214 is approved. In addition to the time masks, RAN4 can also consider other outstanding requirements for concurrent SUL and NUL transmissions in switching band combinations 
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