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Introduction
[bookmark: _Hlk510705081]RAN#94 in December 2021 approved a new WI on Multi-carrier enhancements, and the WID was further revised (schedule update and WI identifier) in RAN#95 in [1] and yet again in RAN#96 [2] (clarifying the applicability of the two-TAG note). The second objective of the updated WID (copied below) is to be discussed in RAN1#110 under the agenda item 9.10.2 Multi-carrier UL Tx switching scheme. 
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



In continuation of RAN1#109 discussions, RAN#96 had a discussion on target scenarios for Rel-18 UL Tx switching in [3] with additional guidance to WGs agreed as follows:
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall work focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 timeframein Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Other Further check additional scenarios as below can be discussed in RAN4#104e and RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· 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)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



1 Discussion 
1.1 Basic switching mechanism
Based on various proposals to and discussions during the RAN1#109 meeting, the following was listed for Tx carrier switching mechanisms:
	Agreement
Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· 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 UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded



The following outlines our considerations wrt. the alternatives recorded in RAN1#109:
Alt1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission
From logical functionality perspective this is an attractive alternative as it allows the gNB to dynamically schedule any UL transmission as long as the UE capability constraints on how the two transmit chains can operate are respected. If e.g. the UE is able to transmit 2Tx on all bands and it is also able to transmit 1Tx on each band on any two band pairs, then the gNB scheduler can freely pick any UL to transmit 2Tx or any UL pair to each transmit 1Tx without any further preparation or pre-configuration.
From specification compatibility perspective this alternative should work directly with the definitions in TS38.214 subclause 6.1.6.2 ”Uplink switching for carrier aggregation”. However, there are new switching cases that may require additional specification.
Table 1: Switching cases existing in Rel-17 and possible new ones in Rel-18 with Alt1
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From UE capability perspective, it would be important to agree that UE supporting a set different pairs of Tx to band mapping cases, then the UE should also be able to switch from any one mapping to any other mapping of the Tx chains to bands directly and with the same switching transient.
Observation 1: Alt1 offers the best flexibility, but the specification and UE capability implications are not fully clear

Alt2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is the same as Rel-17
From logical functionality perspective this can be understood as 2-stage Tx switching, where a band pair is selected from the set of configured bands as stage-1, and then the dynamic switching takes place between the selected two bands as in Rel-17 as stage-2. As the PCell uplink is designated to always carry the PUCCH this alternatively might be reduced to selecting which band is the pair for the band of the PCell.
From specification compatibility perspective the above-dubbed stage-2 switching would be exactly as defined for Rel-17 with no functional difference. The new functionality would be the stage-1 switch that would need to be specified together with the transients and timelines that it carries with it. If it would be possible to not include the PCell in the band pair that the stage-1 picks, then additional specification complications would also arise.
From the UE capability considerations perspective this approach may potentially simplify the cases the UE needs to be able to support, especially if the operation is constrained to always include the PCell uplink in the selected band pair in the stage-1. that the PCell uplink must always be included in the band pair that is dynamically switched. In addition, when needing to switch from a third band, and added delay of first having to change the dynamic switching band pair is required.
Observation 2: Alt2 offers the direct compatibility with the existing definitions but requires adding a band pair selection stage and the respective transition timelines. The relation to PUCCH cell (whether the band of the PUCCH cell must always be one of the two bands selected) and the related implications would need to be clarified. Alt2 adds switching delay when compared to Alt1 for some switching cases.

Alt3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band 
This alternative is somewhat less clear than the Alt1 and Alt2. First question is how the anchor band selection is done. If the anchor band is to always contain the PCell, then the Alt3 would seem to be a special case of Alt1 where on 1+1 transmission case the band of the PCell is always one of two bands, and whenever a non-anchor band is to begin transmission, the Tx chain needed to be on the anchor band first. However, this rotation behaviour, if actually part of this alternative, is not very attractive from the system operations perspective. If, the anchor band is not tied to the PCell band, then it leaves the question on PUCCH handling to be answered as the UE might not be able to transmit PUCCH when needed. 
It is difficult to assess the specification implications before further discussing the specifics of this alternative. If the correct interpretation of this alternative is that if Band A is the anchor, then moving a Tx from Band B to Band C is only possible by rotating it first through Band A, then all the switching cases reduce to those in Rel-17, which should simplify the specification effort. It should be noted thought that there is an additional transitory delay when needing to switch form Band B to Band C, if that requires that the transmit chain has to be rotated from Band B to Band C via the anchor band A.
Observation 3: Alt3 seems to be a special case of Alt1 where a subset of transitions only are allowed. The question on how the anchor cell is selected and, as with Alt2, the relation to PUCCH cell (whether the band of the PUCCH cell must always be the anchor) and the related implications would need to be clarified. Alt3 adds switching delay when compared to Alt1 for some switching cases.

Proposal 1:
a) Take the Alt1 as the working assumption for way forward
b) Clarify Alt2 relation to PUCCH cell, and whether it offers a concrete simplification (spec or implementation) over Alt1
c) Clarify Alt3 relation to anchor cell selection and relation to PUCCH cell, and whether it offers any concrete simplification (spec or implementation) over Alt1

1.2 Framework for UL Tx switching across 3 or 4 bands
RAN1#109 made the following observations on possible switching configurations:
	RAN1 Observation
Following proposals to address the concern on UE/gNB complexity increase or scheduling restriction due to UL Tx switching across larger number of bands compared with Rel-16/17 are identified in contributions submitted at RAN1#109-e, and companies are encouraged to investigate pros and cons of the proposals so that one or some of them may be down-selected after the down-selection of the mechanism for dynamic Tx carrier switching across the configured bands
· UE can report the supports of only some of concurrent UL cases (combinations of 2 bands for concurrent UL transmissions)
· Switching across 0/1/2 ports is supported only for 2 configured bands out of 3 or 4 configured bands and other bands support switching across 0/1 port only
· Only switching across 0/1 port is supported across all configured bands when 3 or 4 bands are configured
· Prioritization rules between uplink carriers are specified
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the UL Tx switching band combination is introduced
· After one RF state switch, the next RF state switch must occur after 14 symbols or later (FFS: which SCS is assumed for the symbol duration)
· Note: Other solutions are not precluded
· Note: each proposal assumes certain mechanism for dynamic Tx carrier switching across the configured bands, and hence some or all of the proposals may not be necessary depending on the down selection of the mechanism for dynamic Tx carrier switching across the configured bands

RAN1 Observation
Following possible switching configurations can be considered, and RAN1 may discuss if any of the following switching configurations need to be supported after making some progress on the discussion on the switching mechanism
· For 3 bands case
· Switching configuration.3-1: all the 3 bands support up to 2Tx
· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx
· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx
· For 4 bands case
· Switching configuration.4-1: all the 4 bands support up to 2Tx
· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 
· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 
· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 
· Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands. 



If all these combinations are to be allowed, it can cause a significant ecosystem fragmentation issue. It would be preferrable that a UE indicating support for 3-band or 4-band Tx switching band combination would be required to support 2Tx on all the bands in the combination, as well as any 1Tx band pair of that combination. If this is not the case, the UE capability options can grow uncontrollably as the obvious implication of not requiring the above would be that some 1Tx + 1Tx band pairs would be supported, but some other not, because there is only 1 Tx that can support a set of bands and that Tx can’t simultaneously be allocated to more than 1 band at a time.
Furthermore it is important to agree that all transitions between valid Tx switching combinations are supported so that the “before switch” configuration does not limit which “after switch” configurations are allowed.
Proposal 2: The UE indicating support for UL Tx switching for 3-band or 4-band band combination should be able to transmit 2Tx on all the 3 or 4 bands
Proposal 3: All the 1Tx+1Tx band pairs within the configured band combination are valid combinations for all UEs supporting the feature
Proposal 4: Switching directly from any valid transmit combination to any other valid transmit combination is supported by all the UEs supporting the feature
1.3 Additional SUL scenarios
The RAN#96 guidance asked the RAN1/2/4 to further check the extension of SUL mechanism in the context of UL Tx switching [3]:
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
[…]
· Other Further check additional scenarios as below can be discussed in RAN4#104e and RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· 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)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



The Rel-16/Rel-17 specifications define separately switching for CA and switching for SUL. Introducing support for a switching combination where both CA and SUL exist (either of the two cases mentioned in the RAN guidance) would lead to needing to introduce another flavour of UL Tx Switching for a combined CA+SUL uplink Tx switching scenario. The implications of this depend on the CA switching mechanism adopted for the 3- or 4-band UL Tx Switching, hence it is not possible to assess the compatibility or additional work needed for the CA+SUL combination before the CA case has gained more maturity
Proposal 5: Postpone the discussion on the UL Tx Switching with a SUL cell in a CA configuration until after UL Tx Switching for 3 or 4 bands in the CA configuration has gained more maturity

Conclusion
In this contribution the following observations and proposals are made:
On the basic switching mechanism:
The three alternatives noted in RAN1#109 for reference:
· 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 UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band

Observation 1: Alt1 offers the best flexibility, but the specification and UE capability implications are not fully clear
Observation 2: Alt2 offers the direct compatibility with the existing definitions but requires adding a band pair selection stage and the respective transition timelines. The relation to PUCCH cell (whether the band of the PUCCH cell must always be one of the two bands selected) and the related implications would need to be clarified. Alt2 adds switching delay when compared to Alt1 for some switching cases.
Observation 3: Alt3 seems to be a special case of Alt1 where a subset of transitions only are allowed. The question on how the anchor cell is selected and, as with Alt2, the relation to PUCCH cell (whether the band of the PUCCH cell must always be the anchor) and the related implications would need to be clarified. Alt3 adds switching delay when compared to Alt1 for some switching cases.
Proposal 1:
a) Take the Alt1 as the working assumption for way forward
b) Clarify Alt2 relation to PUCCH cell, and whether it offers a concrete simplification (spec or implementation) over Alt1
c) Clarify Alt3 relation to anchor cell selection and relation to PUCCH cell, and whether it offers any concrete simplification (spec or implementation) over Alt1

On the switching framework:
Proposal 2: The UE indicating support for UL Tx switching for 3-band or 4-band band combination should be able to transmit 2Tx on all the 3 or 4 bands
Proposal 3: All the 1Tx+1Tx band pairs within the configured band combination are valid combinations for all UEs supporting the feature
Proposal 4: Switching directly from any valid transmit combination to any other valid transmit combination is supported by all the UEs supporting the feature

On additional scenarios:
Proposal 5: Postpone the discussion on the UL Tx Switching with a SUL cell in a CA configuration until after UL Tx Switching for 3 or 4 bands in the CA configuration has gained more maturity
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