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1. Introduction
Discussion on Rel-18 Multi-carrier enhancements started in RAN2#119-e where RAN2 achieved following agreements on general issues and potential issues on UL Tx switching.
	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.



In this meeting, RAN2 is planned to discuss and decide some detailed signalling design for UL Tx switching including to down-select necessary enhancements on of UE capabilities and RRC configuration [1].
	RAN1#111 (0.5 TU)
RAN2#120 (0.25 TU)
RAN4#105 (RF:0.5 TU, RD:0.5 TU)
	RAN1
· Finalize any remaining details on detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including new RRC parameter(s) and MAC-CE(s)
RAN2
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands, including
· Down-selection of necessary enhancements of UE capability for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios (e.g., required UE capability conditions)
· Down-selection of necessary enhancements of RRC configuration for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios
RAN4
· Discuss and decide some detailed RAN4 impacts for UL Tx switching schemes across up to 3 or 4 bands, including
· Down-selection of necessary enhancements of switching time and other RF aspects, and RRM requirements for UL Tx switching across up to 3 bands first, and then up to 4 bands
· Down-selection of necessary enhancements to support UL Tx switching with multiple TAGs if supported



We have received an LS from RAN1 [2] and RAN4 [3] to inform their agreements, so we would like to start detailed discussion on signalling with raising RAN2 issues and proposing solutions detailed enough to achieve the system RAN1/4 agreed.

2. Discussion
2.1. Issues RAN2 can address now
2.1.1  UE capabilities
UE Caps Issue #1: Concurrent transmission
RAN1 informed RAN2 of following agreements via the LS [2]:
	Proposed agreement 3.1
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction



Therefore, RAN2 should make sure the UE capability can report that some band pairs in the BC support concurrent transmission. 
It should be noted that in RAN1 interpretation, it means a band pair supports concurrent transmission that the band pair supports ‘dualUL’ option. Thus, we would like to jointly discuss the issue on concurrent transmission (this one) and switching option (UE Caps Issue #2).
// Proposal for this issue is combined to Proposal 1.

UE Caps Issue #2: Switching option (switchedUL, dualUL)
RAN1 informed RAN2 of following agreements via the LS [2]:
	Updated Proposed agreement 3.1.3
· Ask RAN2 to consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs



In RAN2#119-e, we agreed to wait for RAN1/4’s input and then address this issue.
RAN1 provided three alternatives to report the supported switching option and left the down-selection to RAN2. Thus, we can start discussion.
We would like to provide our understanding on intended signalling architecture for each alternative in Figure 1. Note that names of fields in the figure are provisional.
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Figure 1. Alternatives on UE capabilities for reporting supported switching options and UL concurrent transmission.

· Alt.1: Introduce a per-band-pair UE capability, uplinkTxSwitching-OptionSupport4Band-r18 ({switchedUL, dualUL, both}).
· Pros.: Fewer fields needed. The report of ‘dualUL’ means that the band pair support the concurrent transmission, thus the UE do not have to separately report the capability. 
(Anyway, this report for options needs 2 bits per band pair, while Alt.2 needs 1 bit per band pair for uplink-TxSwitching-ConcurrentTx-r18 and 2 bits per BC for uplinkTxSwitching-OptionSupport4Band-r18. We are not sure which totally takes fewer bits, Alt.1 or Alt.2.)
· Cons.: Not align with legacy. UEs cannot report supported options per BC. If Alt.1 is applied, it is unclear how to ensure that at least one option is common with Rel-16/17 if RAN1 agreed to support fallback feature also in Rel-18 (details in UE Caps Issue #10).
· Alt.2: Introduce a per-BC UE capability, uplinkTxSwitching-OptionSupport4Band-r18 ({switchedUL, dualUL, both}), and a per-band-pair UE capability, uplinkTxSwitching-ConcurrentTxSupport-r18 ({supported}).
· Pros.: Align with legacy. UE reports supported options per BC as in Rel-17.
· Cons.: More fields needed than Alt.1. UE reports both supported options per BC and concurrent transmission per band pair.
· Alt.3: Introduce a per-band-pair UE capability, uplinkTxSwitching-OptionDualUL ({supported}).
· Pros.: Fewest bits needed among three alternatives. This report only needs 1 bit per band pair.
· Cons.: In addition to Cons. on Alt.1, UEs mandatorily support switchedUL for all band pairs.
In our understanding, it is better for RAN2 to reuse the same signalling architecture as Rel-17. Given that the switching options are reported per BC in Rel-17, Alt.2 is the best way to go.
Proposal 1. Introduce a per-BC UE capability to report the supported options, and a per-band-pair UE capability to report whether concurrent transmission is supported.

UE Caps Issue #3: DL interruption
RAN4 informed RAN2 of “Issue 5” described as follows via the LS [3]:
	Issue 5: Applicability of DL interruption
In general, RAN4 agreed to reuse the Rel-16/17 agreement, and reached the following agreements:
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.



Above RAN4 agreements includes nothing new from Rel-16/17, and the current spec has an appropriate UE capability, uplinkTxSwitching-DL-Interruption-r16, to align with RAN4. In our understanding, we can go with the same manner as when Rel-17 UL Tx switching was introduced, i.e., RAN2 does not implement separate capability from Rel-16/17, and reuses uplinkTxSwitching-DL-Interruption-r16.
Proposal 2. For UE capability to report applicability of DL interruption for Rel-18 UL Tx switching, RAN2 reuses uplinkTxSwitching-DL-Interruption-r16 (no spec impact).

UE Caps Issue #4: 3 or 4 bands subset of band combination
RAN1 informed RAN2 of following agreements via the LS [2]:
	Proposed agreement 3.6
· Confirm the following working assumption made at the RAN1#110 meeting.
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



We [4] and another company [5] raised an open issue in each TDoc for the previous RAN2 meeting: whether a new UE capability to report supported band groups composed of 3 or 4 bands should be introduced. As we explained in [4], this is an issue when RAN1 assumed Alt.1 as the switching mechanism for Rel-18. Now Alt.1 has been down-selected, so we can start discussing this issue.
In our understanding, there would be three alternatives; do nothing (i.e., not introduce a new capability for band groups), add the new UE capability, or replace the capability for band pair.
[image: ]
Figure 2. Alternatives on UE capabilities to report supported band pairs/groups
· Alt.1: Do nothing, i.e., a UE only reports supported band pairs.
· Pros.: Smaller report message. Also, align with Rel-16/17 manner.
· Cons.: The network cannot directly interpret which band groups are available for UL Tx switching.
· Alt.2: Introduce a new UE capability to report supported band groups composed of 3 or 4 bands.
· Pros.: The network can directly interpret which band groups are available for UL Tx switching. Also, ULTxSwitchingBandGroup can accommodate per-band-group parameters, if any.
· Cons.: Larger report message.
· Alt.3: Replace the UE capability to report supported band pairs.
· In our understanding, we do not need to discuss Alt.3 (even though Alt.3 was our original preference ...).
According to RAN1 and RAN4 agreements, at least following parameters have to be reported per band pair.

- Switching period
- DL interruption
- Concurrent transmission

Although it is possible that the reports of switching periods and DL interruption are allowed to reuse the value for Rel-17 (details in UE Caps Issue #7 and #3), support of the concurrent transmission has to be reported per band pair via new UE capability (details in UE Caps Issue #1). If Alt.3 is applied, it is unclear how to report such a per-band-pair parameter.
We think RAN2 should discuss on down-selection of Alt.1 and Alt.2.
If there is any UE capability the UE should report per band group, Alt.2 is straightforward way to implement that signaling. However, in our understanding, any of possible capabilities under discussion in RAN1/2/4 are per band, per band pair, or per BC. Therefore, given that the Alt.1 achieves shorter report than Alt.2, RAN2 should assume Alt.1 as a baseline.
One company who supported Alt.2 [5] explained that, if Alt.1 is applied, in some cases the network cannot even clearly understand UE’s ability:
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.
However, we have different understanding. In above example, if the UE only supports A+B+C and B+C+D, the UE shall report the band pairs, (A+B, A+C, B+C, B+D, C+D), and corresponding switching periods (, and DL interruption, so on). I would like to emphasize that the band pair (A+D) is not reported. The network can recognize that only two band groups, A+B+C and B+C+D, where all the included band pairs are supported, are available for UL Tx switching. Thus, the capability is clear enough for the network.
Proposal 3. As a baseline, RAN2 do not introduce a new UE capability to report supported band groups composed of 3 or 4 bands.

UE Caps Issue #5: UL-MIMO coherence
RAN4 informed RAN2 of “Issue 6” described as follows via the LS [3]:
	Issue 6: UL-MIMO coherence
RAN4 agreed that: 
· For Rel-18 Tx switching across 3 or 4 bands, apply per band per BC capability on UL-MIMO coherence for the 2Tx-capable UL band(s). If the per band per BC capability on UL-MIMO coherence is absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable UL band(s) for Tx switching. 
· It is up to RAN2 discussion on whether the Rel-17 per band per BC signalling on UL-MIMO coherence capability for 2Tx-2Tx switching can be reused for Rel-18 Tx switching.



According to RAN4 agreement, RAN2 can reuse the Rel-17 per band per BC UE capability, uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17, for Rel-18 UL Tx switching (if we don’t mind its name – it may be a bit strange that the parameter having ”2T2T” in it is also applied for Rel-18).
Proposal 4. RAN2 reuse the per band capability, uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17, on UL-MIMO coherence for the 2Tx-capable UL band(s) for Rel-18 UL Tx switching (no spec impact).

UE Caps Issue #6: 2-port UL transmission
RAN1 made following agreements in the last meeting [6]:
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction



Although RAN1 is down-selecting alternatives for some restrictions, RAN2 can start discussing details on how to report UE capabilities for 2 port UL transmission for each band.
In our understanding, there are two alternatives:
· Alt.1: Introduce a separate UE capability, (e.g.,) uplinkTxSwitching-2PortsUL-Transmission-r18 ({supported}), in ULTxSwitchingBandPair.
· Alt.2: Do not introduce separate UE capability for UL Tx switching, i.e., the network interprets UE is capable of 2-port UL transmission for Rel-18 UL Tx switching on the same bands as usual.
We do not have strong preference, but it seems to be straightforward to introduce a separate capability, thus Alt.1 might be better.
Proposal 5. RAN2 introduce a separate UE capability on 2 port UL Transmission for Rel-18 UL Tx switching in ULTxSwitchingBandPair.
2.1.2  RRC configuration
RRC Config Issue #1: Concurrent transmission
RAN1 informed RAN2 of following agreements via the LS [2]:
	Proposed agreement 3.1
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction



It should be noted that in RAN1 interpretation, it means a band pair is allowed concurrent transmission that the band pair is configured ‘dualUL’ option. Thus, we would like to jointly discuss the issue on concurrent transmission (this one) and switching option (RRC Config Issue #2).
// Proposal for this issue is combined to Proposal 6.

RRC Config Issue #2: Switching option (switchedUL, dualUL)
RAN1 informed RAN2 of following agreements via the LS [2]:
	Updated Proposed agreement 3.1.4
· Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission



RAN1 provided three alternatives for RRC configuration of switching options.
We would like to provide our understanding on intended signalling architecture for each alternative in Figure 3. Note that names of fields in the figure are provisional.
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Figure 3. Alternatives for RRC configuration of switching options and UL concurrent transmission
· Alt.1: Introduce a field, uplinkTxSwitchingOption-r18, in CellGroupConfig.
· Pros.: Align with legacy and lowest impact on the spec.
· Cons.: The network does not have control on concurrent transmission, i.e., the network has to allow concurrent transmission for all band pairs that a UE supports (and reported as supporting concurrent transmission via UE capability).
· Alt.2: Introduce a new IE, UplinTxSwitching-CellPairConfig, in CellGroupConfig, then introduce a field, uplinkTxSwitchingOption-r18, in UplinTxSwitching-CellPairConfig.
· Pros.: The network can configure switching options for each serving cell pair.
· Cons.: Larger spec impact than Alt.1. (We are not still sure how to correctly implement UplinTxSwitching-CellPairConfig, especially how to indicate cell indexes mixing up both SpCell and SCells). Also, does not align with legacy, i.e., the network does not configure switching options per cell group but per serving cell pair.
· Alt.3-1: Introduce a field, uplinkTxSwitchingOption-r18, in CellGroupConfig. Also introduce a new IE, UplinTxSwitching-CellPairConfig, in CellGroupConfig, then introduce a field, uplinkTxSwitchingConcurrenTx-r18, in UplinTxSwitching-CellPairConfig.
· We do not discuss on Alt.3-1 because there seems to be little gain from Alt.2 while the spec impact is larger.
· Alt.3-2: Introduce a field, uplinkTxSwitchingOption-r18, in CellGroupConfig. Also introduce a field, uplinkTxSwitching-ConcurrentTx-EnabledBandList-18, in ServingCellConfig. The UE is enabled concurrent transmission for pairs of serving cells which hold the other carrier’s number (carrier1, ..., carrier4) in uplinkTxSwitching-ConcurrentTx-EnabledBandList-18 each other.
· Pros.: Does not need to introduce a new concept, cell pairs, in CellGroupConfig. Also, w.r.o. configuration of options, align with legacy (i.e., options are configured per cell group).
· Cons.: Larger spec impact than Alt.1.
We think the network should have freedom on for which band pair to enable concurrent transmission, so Alt.1 approach is not preferable.
Both Alt.2 and Alt3-2 have larger spec impact. Conparing these two alts, Alt.3-2 seems to be slightly more acceptable than Alt.2, because we do not have to introduce a new concept of configuration, cell pair, to CellGroupConfig. Thus, we propose to go with Alt.3-2, but this is not a strong preference.
Proposal 6. RAN2 introduce a field in CellGroupConfig to indicate a switching option. Also, introduce a field in ServingCellConfig to indicate a list of carriers with which concurrent transmission is allowed.

RRC Config Issue #3: 2 ports UL transmission
RAN1 made following agreements in the last meeting [6]:
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction



Although RAN1 is down-selecting alternatives for some restrictions, RAN2 can start discussing details on how to indicate 2 port UL transmission mode for each serving cell.
In our understanding, there are two alternatives:
· Alt.1: Introduce a separate field, (e.g.,) uplinkTxSwitching-2PortsTransmission-r18 ({enabled}), in ServingCellConfig.
· Alt.2: Do not introduce separate configuration for UL Tx switching, i.e., the UE interprets that for UL Tx switching, the same serving cells are allowed for 2-port transmission as usual transmission.
We do not have strong preference, but Alt.1 is better because it seems to be safer that the network has finer granularity on control.
Proposal 7. RAN2 introduce a separate field to enable 2 port transmission for Rel-18 UL Tx switching in ServingCellConfig.

2.2. Issues pending to RAN1/4
In this section, we refer to several foreseeable issues, i.e., it is certain that there is RAN2 impact.
We provide a review of discussion on these issues in RAN1 and RAN4, then elaborate why RAN2 should still wait for conclusions on them.

2.2.1  UE capabilities
UE Caps Issue #7: Switching period
RAN1 made following agreements in the last meeting [6]:
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· 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)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions



Also, RAN4 informed RAN2 of “Issue 1” described as follows via the LS [3]:
	Issue 1: Length of switching period
For the same band pair, RAN4 discussed whether the same or a different value can be reported for the specific band pair involved in Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17, and will further discuss based on the following options:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and Option 2 for dualUL.



In RAN2#119-e, we agreed to wait for RAN1/4’s input and then address this issue.
As RAN4 said in the previous LS [7], RAN4 agreed that switching periods should be reported per band pair, and the set of periods are the same as Rel-17.
However, RAN4 has not yet concluded whether the UE can report separate switching periods from Rel-17 capability. Of course, this FFS affects whether RAN2 should introduce separate UE capability for Rel-18. Furthermore, RAN1 is also discussing on switching periods; whether the same value of periods can be applied even when more than two bands are involved in the switch (e.g., is it allowed to reuse the same period as Band A => B and A =>C even when these switches happen simultaneously, i.e., A-A => B-C?). In our understanding, RAN1’s FFS is basically the same as RAN4’s.
Therefore, RAN2 should start implementation of switching period capability after details on signaling become clearer in RAN1/4.
Proposal 8. RAN2 still wait for RAN4 to decide whether the same or a different switching period value can be reported between Rel-18 and Rel-16/17, then discuss how to implement UE capabilities for switching periods.

2.2.2  RRC configuration
RRC Config Issue #4: Ambiguous switching state
RAN1 made following working assumption in the last meeting [6]:
	Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases



In RAN2#119-e, we agreed to wait for RAN1/4’s input and then address this issue.
RAN1 assumed to reuse existing parameter {oneT, twoT}. RAN1 is still discussion on how the Tx state changes upon Rel-18 specific switch when oneT is applied, and it is still possible that the network controls the state with a new RRC parameter (Case#2, Alt.1 in above RAN1 working assumption). RAN2 should still wait for ongoing RAN1 discussion on this issue.
Proposal 9. RAN2 still wait for RAN1 to decide how to configure a state of Tx chains after the UL Tx switching is not unique in Rel-18 framework on RRC configuration, then discuss how to implement RRC configuration for Tx states.

RRC Config Issue #5: Switching period location
RAN4 informed RAN2 of “Issue 4” described as follows via the LS [3]:
	Issue 4: Location of switching period
· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.



In RAN2#119-e, we agreed to wait for RAN1/4’s input and then address this issue.
RAN4 agreed to reuse the semi-static configuration of switching period location (in other words, gNB configures via RRC configuration which band houses the switching period when switching), and left the details to RAN1. RAN2 can wait for RAN1’s conclusion on details of RRC configuration.
Proposal 10. RAN2 still wait for RAN1 to decide details on RRC configuration of switching periods, then discuss how to implement that.

2.3. Potential RAN2 Issues
Some issues discussed in RAN1 and RAN4 may or may not require solutions in UE capabilities or RRC signalling.
In this section, we provide a review of discussion on these issues in RAN1 and RAN4, then propose what we should wait for.

2.3.1  UE capabilities
UE Caps Issue #8: UL transmission while switching
RAN4 informed RAN2 of “Issue 2” described as follows via the LS [3]:
	Issue 2: Impact from switching of one Tx chain on the other Tx chain
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has not concluded on whether to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.



This issue is originally raised in RAN1; some companies wondered if one Tx chain can continue UL transmission even while switching when the band transmitted in the Tx chain is not involved in the change (e.g. [Tx1]-[Tx2]: A-B => A-C, in this case Tx1 could remain transmitting). This is a specific issue to Rel-18 (i.e. across 3 or 4 bands) switching.
RAN4 has not concluded yet, but if this functionality is supported, it is possible that RAN2 is required to implement new UE capabilities for this feature, e.g., per band per BC, so we should wait for RAN4 discussion.
Proposal 11. RAN2 wait for RAN4 to decide whether to allow UL transmission while switching, then discuss how to implement corresponding UE capabilities, if any.

UE Caps Issue #9: Supported switching case
RAN1 made following agreements in the last meeting [6]:
	Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination



In short, RAN1 is discussing whether and how the states of Tx chains should be supported, in each condition (i.e., depending on switching options, or restriction of concurrent transmission on some band pairs). For example, in Rel-17, when switchedUL is applied the switching option of {1T, 1T} is not allowed, but some companies propose to ease this restriction in Rel-18 in order to reduce unnecessary switches (e.g., when 2 port transmission is not allowed).
RAN1 has not concluded yet, but if that restriction is agreed as an option, it is possible that RAN2 is required to implement UE capabilities (and RRC configuration) to configure the restriction of switching cases.

Proposal 12. RAN2 wait for RAN1 to decide how to support switching cases, then discuss how to implement corresponding UE capabilities, if any.

UE Caps Issue #10: Common option with Rel-17 switching
In the previous RAN2 meeting, one company proposed in their TDoc that as follows [8]:
Proposal 1. As a baseline, RAN2 understands that a UE supporting Rel-18 UL Tx switching would also support at least one switching option (Option 1:Switched UL or Option 2:Dual UL) as defined for the Rel-17 capability of UL Tx switching.
We share the intension of the proposal. It was agreed in RAN2 that in Rel-17 UL Tx switching, supported switching options can be separately reported from Rel-16 one, but at least one switching option shall be common with Rel-16. This is because RAN1 is discussing on fallback feature.
Our preference is, RAN2 wait for RAN1 (whether the same feature is applied also in Rel-18), and the actual discussion on this restriction is held after RAN1 input.
Note: Alt.1 and Alt.3 in UE Caps Issue #2 would make it hard to support common switching option between Rel-18 and Rel-17, because switching options are reported per band pair in Rel-18 while it is per BC in Rel-17. If RAN2 agree on Alt.1 or Alt.3 and then “common switching option” is required, RAN2 would have to revert the agreement, or add a report of switching options per BC (which is the same as Alt.2 after all). This is another reason we think RAN2 should go with Alt.2 in UE Caps Issue #2.
Proposal 13. RAN2 wait for RAN1 to decide whether a UE supporting Rel-18 UL Tx switching shall support at least one switching option supported for Rel-17 UL Tx switching, then discuss how to implement corresponding UE capabilities, if any.

2.3.2  RRC configuration

RRC Config Issue #6: Minimum separation time between switches
RAN1 made following working assumption in the last meeting [6]:
	Working assumption
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time



In short, RAN1 discussed whether and how to specify the minimum separation time after a switch and agreed to down-select from four alternatives. RAN2 is involved if Alt.4 is applied; then RAN2 will be required to some UE capabilities for minimum separation time.
Note that even if Alt.4 is selected, it is still unclear how the capability should be made, i.e., per band pair (e.g., separation time after switches between a certain band pair) or per band (e.g., separation time after switched to a certain band). This should be clarified by RAN1 or RAN4.
Proposal 14. RAN2 wait for RAN1 and RAN4 to decide how to specify minimum separation time, then discuss how to implement corresponding RRC configuration, if any.

3. Summary and proposal
Issues RAN2 can address now
Proposal 1. Introduce a per-BC UE capability to report the supported options, and a per-band-pair UE capability to report whether concurrent transmission is supported.
Proposal 2. For UE capability to report applicability of DL interruption for Rel-18 UL Tx switching, RAN2 reuses uplinkTxSwitching-DL-Interruption-r16 (no spec impact).
Proposal 3. As a baseline, RAN2 do not introduce a new UE capability to report supported band groups composed of 3 or 4 bands.
Proposal 4. RAN2 reuse the per band capability, uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17, on UL-MIMO coherence for the 2Tx-capable UL band(s) for Rel-18 UL Tx switching (no spec impact).
Proposal 5. RAN2 introduce a separate UE capability on 2 port UL Transmission for Rel-18 UL Tx switching in ULTxSwitchingBandPair.
Proposal 6. RAN2 introduce a field in CellGroupConfig to indicate a switching option. Also, introduce a field in ServingCellConfig to indicate a list of carriers with which concurrent transmission is allowed.
Proposal 7. Introduce a separate field to enable 2 port transmission for Rel-18 UL Tx switching in ServingCellConfig.
Issues pending to RAN1/4
Proposal 8. RAN2 still wait for RAN4 to decide whether the same or a different switching period value can be reported between Rel-18 and Rel-16/17, then discuss how to implement UE capabilities for switching periods.
Proposal 9. RAN2 still wait for RAN1 to decide how to configure a state of Tx chains after the UL Tx switching is not unique in Rel-18 framework on RRC configuration, then discuss how to implement RRC configuration for Tx states.
Proposal 10. RAN2 still wait for RAN1 to decide details on RRC configuration of switching periods, then discuss how to implement that.
Potential RAN2 issues
Proposal 11. RAN2 wait for RAN4 to decide whether to allow UL transmission while switching, then discuss how to implement corresponding UE capabilities, if any.
Proposal 12. RAN2 wait for RAN1 to decide how to support switching cases, then discuss how to implement corresponding UE capabilities, if any.
Proposal 13. RAN2 wait for RAN1 to decide whether a UE supporting Rel-18 UL Tx switching shall support at least one switching option supported for Rel-17 UL Tx switching, then discuss how to implement corresponding UE capabilities, if any.
Proposal 14. RAN2 wait for RAN1 and RAN4 to decide how to specify minimum separation time, then discuss how to implement corresponding RRC configuration, if any.
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