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1. Introduction
RAN2 finishes work on Multi-carrier enhancements in this meeting. To wrap up discussion, this document focuses on remaining issues to be resolved in this meeting.

2. Discussion
2.1.  Remaining issues
2.1.1  UE capability for minimum separation time
As following, RAN1 already agreed to introduce a UE capability for minimum separation time in RAN2#112 [1].
	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 end start of all transmission(s) prior toafter 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 summaximum 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}



And RAN1 have agreed following FG in RAN1#112bis-e [2].
	Agreement:
Introduce FG 49-Y as follows
	49. NR_MC_enh
	49-Y
	Minimum separation time for two uplink switching on more than 2 bands within any two consecutive reference slots
	If two uplink switchings are triggered and UL transmissions involved in the two uplink switchings 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, and X us is reported with a candidate value set of {[0us], 500us}
· The reported value X is applied to both one TAG case and two-TAG case (if UE supports two-TAG case)
FFS: Note: If the UE reports [0us], the minimum separation time is not applied
	49-X
	Yes

	
	[two uplink switching cannot be triggered in two consecutive reference slots for UL transmissions on more than 2 bands]
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling





As you can see, RAN1 agreed that the values for minimum separation time are {0us, 500us} and the granularity of UE capability is per BC. In our understanding, the FFS in FG table in RAN1#112bis-e agreement is RAN2 issue.
There should be two ways to deploy the UE capability based on RAN1 agreement.
Alt1.	Set ENUMERATED {0us, 500us} and present condition is CY (The field is mandatory when UE supports dynamic UL Tx switching across more than two bands.)
Alt2.	Set ENUMERATED {500us} and present condition is CY (UE only indicates when it needs the separation time. If this field is absent, 0us is implied)
We think Alt1 is straightforward and do not see a good enough reason to go with Alt2.
Proposal 1.	For UE capability for minimum separation time, introduce a per-BC UE capability. The field is set ENUMERATED {0us, 500us} and present condition is CY (The field is mandatory when UE supports dynamic UL Tx switching across more than two bands).

2.1.2 [bookmark: _Hlk134752927] UE capability for supported 3 or 4 bands
In RAN2#121, ZTE provided a good question on how UE reports an exact 3 or 4 bands to support Rel-18 UL Tx switching with suggestion of possible understandings [3].
	Understanding 1: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE shall indicate the support for ALL possible band pairs.  
Understanding 2: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE is not required to indicate the support for all possible band pairs, it is up to the network to ensure the triggered switching is supported by the UE (based on UE’s reported band pairs). 
Understanding 3: 	Neither Understanding 1 nor 2 is correct, in addition to per-band pair capability, UE needs to further indicate which 3 or 4 bands can form a band group for Rel-18 UL Tx switching.


We agree that any of the three understandings works (with more or less difficulty of implementation).
Now we would like to note that we already agreed that supported switching option is reported via per-band-pair UE capability [4]. 
	For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching. 


In our understanding, switching option should be mandatorily reported for every band pair supporting Rel-18 UL Tx switching, otherwise gNB cannot know what kind of switching, i.e. what scheduling is available for the UE.
For example, in Rel-17 signalling, the UE capability for switching option in 2Tx-2Tx switching, uplinkTxSwitching-OptionSupport2T2T-r17, is mandatory if UE supports 2Tx-2Tx switching [5].
	uplinkTxSwitching-OptionSupport2T2T-r17
Indicates which option is supported for dynamic UL 2Tx-2Tx switching for inter-band UL CA. switchedUL represents option 1 as specified in TS 38.214 [12], dualUL represents option 2 as specified in TS 38.214 [12], both represents both option 1 and option2 as specified in TS 38.214 [12]. The field is mandatory for inter-band UL CA cases where UE supports dynamic UL 2Tx-2Tx switching. The UE indicating support of this feature shall indicate support of at least one common switching option between uplinkTxSwitching-OptionSupport2T2T-r17 and uplinkTxSwitching-OptionSupport-r16.
	BC
	CY
	N/A
	FR1 only



We understand therefore gNB can interpret that the UE supports UL Tx switching across 3 or 4 bands if per-band-pair UE capability (which include at least switching option) on all band pairs within the set of bands are reported. In short, Understanding 1 in ZTE’s suggestion will make it.
Proposal 2.	Per-band-pair UE capability for switching option is mandatory when UE supports Rel-18 UL Tx switching on the band pair.
Observation 1.	We can go with Understanding 1 (i.e., the UE shall indicate the support for ALL possible band pairs for Rel-18 switching) to report a set of bands supporting Rel-18 switching.

2.1.3  UE capability: fallback to Rel-16/17 switching
RAN4 have sent an LS to RAN1 and RAN2 in April meeting ([6], R2-2304645). It includes one question to RAN1 and one information to RAN1/2. The information is following:
	RAN4 has also discussed the fallback of Rel-18 Tx switching to Rel-16/17 Tx switching, and reached the following agreement and understanding:
· The indication of supported switching band combinations of the UE capability can also imply the capabilities of the fallbacks in accordance with the current 38.331 fallback framework.
· Rel-18 Tx switching capability will include all sufficient capabilities for two-band switching. In addition, UE may also declare two-band Tx switching capabilities with Rel-16 and/or Rel-17 capabilities. If UE is configured for two-band Tx switching only and UE declares those Rel-16/17 capabilities, then Rel-16/17 capabilities apply for this two band Tx switching.


As seen above, RAN4 have made an agreement on fallback from Rel-18 switching to Rel-16/17 switching. But RAN2 should be clear on what the “current 38.331 fallback framework” means.
In our understanding, there is two restrictions in the relation between UE capabilities for Rel-16 UL Tx witching and Rel-17 UL Tx switching. Based on RAN4 indication, RAN2 should try to apply similar restrictions to them.
Mandatory support of legacy UL Tx switching
UE supporting Rel-17 UL Tx switching shall support Rel-16 UL Tx switching for the same band combination as well [7].
	BandCombinationList-UplinkTxSwitch-r16, BandCombinationList-UplinkTxSwitch-v1630, BandCombinationList-UplinkTxSwitch-v1640, BandCombinationList-UplinkTxSwitch-v1650, BandCombinationList-UplinkTxSwitch-v1690, BandCombinationList-UplinkTxSwitch-v16a0, BandCombinationList-UplinkTxSwitch-v1700, BandCombinationList-UplinkTxSwitch-v1720, BandCombinationList-UplinkTxSwitch-v1730
The UE shall include the same number of entries, and listed in the same order, as in BandCombinationList-UplinkTxSwitch-r16.
For the field of supportedBandCombinationList-UplinkTxSwitch-v1700, if the UE does not support 2Tx-2Tx switching for a given band combination, the field of supportedBandPairListNR-v1700 in the corresponding entry is absent.


If similar restriction exists in Rel-18 signalling, we understand there is two interpretations:
Alt1.	UE supporting Rel-18 UL Tx switching shall support Rel-16 UL Tx switching for the same band combination as well.
Alt2.	UE supporting Rel-18 UL Tx switching shall support both Rel-16 and Rel-17 UL Tx switching for the same band combination as well.
But considering that RAN1 agreed to allow UE not to support 2-port transmission in some of bands, it should not be true that Rel-17 switching is mandatory. In short, Alt2 does not align to RAN1 agreement. We can therefore go with Alt1.
Proposal 3.	UE supporting Rel-18 UL Tx switching shall support Rel-16 UL Tx switching for the same band combination as well.

Common switching option with legacy UL Tx switching
At least one common switching option shall be supported between Rel-16 and Rel-17 UL Tx switching for the same band combination [5].
	uplinkTxSwitching-OptionSupport2T2T-r17
Indicates which option is supported for dynamic UL 2Tx-2Tx switching for inter-band UL CA. switchedUL represents option 1 as specified in TS 38.214 [12], dualUL represents option 2 as specified in TS 38.214 [12], both represents both option 1 and option2 as specified in TS 38.214 [12]. The field is mandatory for inter-band UL CA cases where UE supports dynamic UL 2Tx-2Tx switching. The UE indicating support of this feature shall indicate support of at least one common switching option between uplinkTxSwitching-OptionSupport2T2T-r17 and uplinkTxSwitching-OptionSupport-r16.
	BC
	CY
	N/A
	FR1 only


Note that Rel-18 switching option is reported per band pair, which is different from Rel-16/17 (per BC). If similar restriction exists in Rel-18 signalling, we understand there is three interpretations:
Alt1.	For every band pair, at least one supported switching option shall be common with Rel-16 switching option supported by the belonged band combination.
Alt2.	For every band pair, at least one supported switching option shall be common with both Rel-16 and Rel-17 switching options supported by the belonged band combination.
Alt3.	For every band pair, at least one supported switching option shall be common with either Rel-16 or Rel-17 switching options supported by the belonged band combination.
We think Alt2 can be dropped for the same reason as above (mandatory support of legacy UL Tx switching), i.e., Alt.2 is inconsistent with RAN1 agreement to allow UE not to support 2-port transmission in some of bands.
To compare Alt1 and Alt3, we slightly prefer Alt3 because we see that Alt3 allows more flexible fallback, i.e., some band pairs can fallback to Rel-17 switching and some band pairs can fallback to Rel-16 switching, while Alt1 only ensures the fallback to Rel-16 switching.
Proposal 4.	For every band pair, at least one supported switching option shall be common with either Rel-16 or Rel-17 switching options supported by the belonged band combination.

2.1.4  UE capability: Early start of transmission due to earlier switching period
RAN4 is still discussing whether or not to introduce UE capabilities to allow one Tx chain to start transmission earlier if the switching period for this Tx chain is shorter in certain switching patterns [8].
	Issue 1-2-3: Advanced optional UE ability 
Way forward after round 2 discussion:
· Further discuss in the next meeting:
· For the switching scenario of {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}, discuss and decide whether or not to introduce the advanced optional UE ability to allow one Tx chain to start transmission earlier if the switching time for this Tx chain is shorter.
Issue 1-3-2: Advanced optional UE ability 
· Further discuss the following options in the next meeting
· Option 1: For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching (switch between {1T, 1T, 0T} and {0T, 0T, 2T}), introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1).
· Tswitch_1 and Tswitch_2 are the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2.
· Option 1a: apply the same UE capability for this scenario and for the following scenario agreed in the previous meetings. (MTK, China Telecom, ZTE)
RAN4 LS approved in R4-2303507:
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” or “band D” in the case of 4-band) and the number of Tx chain on band C or band D is unchanged due to the switching, RAN4 agreed the granularity of the optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged  during UL switching as follows: 
· Per band (only for the band(s) in the band combination but not included in the pair of bands before and after switching) for each pair of bands before and after switching in each band combination.
· Option 2: Not introduce advanced optional UE ability


Proposal 5.	RAN2 introduces UE capability to allow one Tx chain to start transmission earlier if the switching period for this Tx chain is shorter, if indicated by RAN4.

2.2.  Issues in LS to RAN1 and RAN4
In the last meeting, RAN2 sent an LS ([9], R2-2304567) to RAN1 and RAN4 to ask for clarification especially of UE capability(ies) for length of switching period. RAN2 should wait for a reply from RAN4 (and possibly RAN1) to make final decision on some signalling, but we can discuss our basic assumptions beforehand.
2.2.1  Number of switching periods (unified vs. 1Tx & 2Tx)
RAN2 agreed our intention to introduce two signallings for switching period and asked for confirmation by RAN1 and RAN4 as below [9].
	RAN2 could not achieve conclusion, but has agreed an intention below in RAN2#121bis-e:
	In support of RAN4 agreement, RAN2 intend to introduce support for 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). 



Question 1. (To RAN1 and RAN4)
[bookmark: _Hlk133515174]RAN2 respectfully asks RAN1 and RAN4 to take above agreement on RAN2 intention into account and asks for feedback if there is any issue.


Based on above agreement, in the CR of 38.331 and 38.306, we can introduce two per-band-pair UE capabilities, and we can modify if other WGs provide their concern in reply.
Proposal 6.	RAN2 introduce support for 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). We can modify them if other WGs provide their concern.

2.2.2  How to select a switching period to apply
On following question to RAN4,
	Question 3. (To RAN4)
RAN2 respectfully asks RAN4 which of the options below matches RAN4 understanding on the selection of applied switching periods when both switching periods of 2Tx-2Tx switching and 1Tx-2Tx switching can be reported for the same band pair.
Option 1: Based on implicit rules, e.g. 2Tx-2Tx switching period is only applicable when performing UL switching between two bands (e.g. 2P+0P<=>0P+2P) and 1Tx-2Tx period is applied for the other switching cases (e.g. UL Tx switching that involves 3 or 4 bands, such as band A + band B<=>band C, band A+ band B <=>band C + band D). FFS on the switching case of 2P+0P<=>1P+1P.
Option 2: Based on explicit RRC configuration, i.e., gNB configures which period is applied. FFS on the granularity of the configuration.


Although RAN2 left the down-selection of options to determine which switching period (for 1Tx-2Tx switching or for 2Tx-2Tx switching) to RAN4, we would like to point out that RAN2 did not conclude the granularity of RRC configuration in Option 2 (FFS in yellow). RAN2 should decide this granularity to smoothly move to Stage-3 implementation in case RAN4 down-select Option 2.
In our understanding, Option 2 more aligns to the way to choose switching period in Rel-17. Corresponding RRC configuration is below.
	[bookmark: _Toc60777187][bookmark: _Toc131064914]–	CellGroupConfig
CellGroupConfig ::=                        SEQUENCE {
    ...
[bookmark: _Hlk134748098]    uplinkTxSwitching-2T-Mode-r17       ENUMERATED {enabled}              OPTIONAL,   -- Cond 2Tx
    ...
}
	CellGroupConfig field descriptions

	uplinkTxSwitching-2T-Mode
Indicates 2Tx-2Tx switching mode is configured for inter-band UL CA or SUL, in which the switching gap duration for a triggered uplink switching (as specified in TS 38.214 [19]) is equal to the switching time capability value reported for the switching mode.
If this field is absent and uplinkTxSwitching is configured, it is interpreted that 1Tx-2Tx UL Tx switching is configured as specified in TS 38.214 [19]. In this case, there is one uplink (or one uplink band in case of intra-band) configured with uplinkTxSwitching, on which the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources should be 1 and non-codebook based UL MIMO is not configured.





In short, if enabled is configured via uplinkTxSwitching-2T-Mode-r17 in CellGroupConfig, the switching period for 2Tx-2Tx switching is applied. 
However, considering the Rel-18 UL Tx switching involves more than two band pairs, the same granularity as Rel-17, i.e., configuration per cell group will not be fine enough. Fortunately, we already agreed to introduce per-band-pair RRC configuration (for indication of switching option), thus we can configure applied switching period per band pair with ease.
Proposal 7.	If RAN4 down-select a method to choose switching period as Option 2 (i.e., by RRC configuration), RAN2 introduce a corresponding per-band-pair RRC configuration.

2.3.  Resolved issues
	Category
	Issue
	Status

	UE capability
	DL interruption
	Agreed in RAN2#120 [10].
R2 assumes For UE capability to report applicability of DL interruption for Rel-18 UL Tx switching, RAN2 reuses uplinkTxSwitching-DL-Interruption-r16 (no spec impact).

	
	UL-MIMO coherence
	Agreed in RAN2#120 [10].
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).

Note: Field description will be discussed in CR drafting.

	
	Switching option (switchedUL or dualUL)
	Agreed in RAN2#121 [4].
For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching. 

	
	2-port UL transmission
	Agreed in RAN2#121 [4].
For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).

	
	Supported switching case
	RAN2 discussion is not needed. Please find details in 2.2.3 in [11].

	
	UL transmission while switching
	Agreed in RAN2#121bis-e [12].
P5: RAN2 introduce a per-band-pair report of bands that can be transmitted while the other Tx chain is switching across that band pair. Absence of this field means there is interruption in all bands during the switching.

	RRC config.
	Switching option (switchedUL or dualUL)
	Agreed in RAN2#121 [4]
configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)

	
	2-port UL transmission
	RAN2 discussion is not needed. Since there is no proponent in RAN2, I guess everyone is happy without introducing anything about this. Please find details in 2.2.4 in [11].

	
	Clarification of ambiguous Tx state
	Agreed in RAN2#121 [4]
For RRC configuration to clarify ambiguous Tx state, RAN2 should introduce an RRC configuration that associates a band to another band which the unused Tx chain is switched to when the switch is from concurrent transmission on two bands to 1 Tx transmission on another band.

and in RAN2#121bis-e [12].
P2: RAN2 reuse uplinkTxSwitching-DualUL-TxState-r17 to indicate the state of Tx chains for dualUL mode.

	
	Switching period location
	Agreed in RAN2#121bis-e [12].
P4: RAN2 introduce an optional list of bands in CellGroupConfig, in which the priority is configured by the order (or similar equivalent change, TBD CR disc). 



3. Summary and proposal
Proposal 1.	For UE capability for minimum separation time, introduce a per-BC UE capability. The field is set ENUMERATED {0us, 500us} and present condition is CY (The field is mandatory when UE supports dynamic UL Tx switching across more than two bands).
Proposal 2.	Per-band-pair UE capability for switching option is mandatory when UE supports Rel-18 UL Tx switching on the band pair.
Observation 1.	We can go with Understanding 1 (i.e., the UE shall indicate the support for ALL possible band pairs for Rel-18 switching) to report a set of bands supporting Rel-18 switching.
Proposal 3.	UE supporting Rel-18 UL Tx switching shall support Rel-16 UL Tx switching for the same band combination as well.
Proposal 4.	For every band pair, at least one supported switching option shall be common with either Rel-16 or Rel-17 switching options supported by the belonged band combination.
Proposal 5.	RAN2 introduces UE capability to allow one Tx chain to start transmission earlier if the switching period for this Tx chain is shorter, if indicated by RAN4.
Proposal 6.	RAN2 introduce support for 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). We can modify them if other WGs provide their concern.
Proposal 7.	If RAN4 down-select a method to choose switching period as Option 2 (i.e., by RRC configuration), RAN2 introduce a corresponding per-band-pair RRC configuration.
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