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1	Introduction
The work in UL Tx switching has been ongoing for some time: Rel-16 introduced 1Tx-2Tx switching and Rel-17 introduced 2Tx-2Tx switching, and Rel-18 is now introducing 3- or 4-band switching cases. RAN2 has now received an LS from RAN4 on this, with R2-2300050 contents as shown below:
	RAN4 approved the LSs on Rel-18 Tx switching in R4-2214464 and R4-2217741 in previous meetings. In RAN4 #105, RAN4 has continued the discussion about the open issues for Rel-18 Tx switching, and RAN4 has reached the following agreements:

Issue 1: 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 agreed 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.
· RAN4 will further discuss and decide the granularity of the optional UE capability based on the following options:
· Option a: per band pair per BC
· Option b: per band per band pair per BC
· Other options are not precluded

Issue 2: Ambiguity issue when two Tx chains are switched between two different band pairs
For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.



In this contribution, we discuss the RAN2 work for UL Tx switching configuration and capabilities.
2	3- and 4-band UL Tx switching
2.1	UE capabilities
In Rel-18, the UL Tx switching is extended from two bands to three and four bands. This means that the number of potential band pair combinations for a BC supporting UL Tx switching increases from 1 (Rel-16) or 2 (Rel-17) to 3 (with three bands) or 6 (with four bands). Since UE may also support different switching options for each band combination, this requires UE to indicate capabilities for each of them (as has already been discussed in RAN1 and RAN2). This was already discussed in RAN2#119-e and the following was decided:
	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.



We observe that since we reuse the current band combination list and some capabilities, this means that UE supporting Rel-18 UL Tx switching shall also support Rel-17 and Rel-16 UL Tx switching.
Observation 1: UE supporting Rel-18 UL Tx switching shall support also Rel-16 and Rel-17 UL Tx switching (for the indicated band pairs).
Since there may be now 3 or 4 bands involved in the band combination, there are in total 3-6 band pairs possible for a given band combination to consider. The most straightforward way seems to be to configure the band pairs supporting the operation explicitly in the UE capability signalling – but this was already enabled in Rel-16 configuration, with 32 entries already possible per-BC:
Configuration
BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {
    supportedBandPairListNR-r16         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r16,
    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,
    uplinkTxSwitching-PowerBoosting-r16 ENUMERATED {supported}                     OPTIONAL,
    ...,
Constant
 maxULTxSwitchingBandPairs               INTEGER ::= 32      -- Maximum number of band pairs supporting dynamic UL Tx switching in a band
                                                            -- combination.

Observation 2: The Rel-16 signalling already allows indicating up to 6 band pairs for UL Tx switching support.
Therefore, since UE supporting Rel-18 feature anyway supports also the Rel-16 feature, no new signalling is needed to indicate the supported band pairs unless UE would support something different (as was allowed in Rel-17 for the Tx switching period per band-pair, and the supported Tx switching option). However, same as for Rel-17, it seems reasonable to consider that UE could support different switching options than for Rel-16/17.
Proposal 1: Reuse Rel-16 signalling to indicated supported band pairs for UL Tx switching with 3 or 4 bands. Define new capability for supported Rel-18 UL Tx switching options.
Additionally, RAN4 has also agreed to have optional UE capability on whether UE supports UL transmission during the switching where the number of Tx chains remains unchanged (i.e. one Tx chain is maintained on the band). But since the granularity is still not decided, it seems RAN2 cannot do much yet. 
Proposal 2: Wait for RAN1/4 conclusions on granularity of the interruption-less UL carrier capability.
2.2	Configuration
The UL Tx switching configuration is currently done per serving carrier in ServingCellConfig, and RAN2 reused the Rel-16 signalling for that also in Rel-17, with some additions in CellGroupConfig. However, the situation may be slightly different in Rel-18: UE may support both switchedUL and dualUL for some band-pairs, only one option for some band-pairs, and no options for some band-pairs. If this is configured using the brute-force approach, each possible UL Tx switching band-pair could have different configuration.
Observation 3: The simplest approach to rel-18 UL Tx switching configuration would be to configure separate switching options for each band-pair. 
However, this may not be signalling-efficient so RAN2 would need to discuss if there are any other options to consider.
Proposal 3: RAN2 to discuss how to configure Rel-18 UL Tx switching between different band pairs to allow switching between multiple band( pair)s.
3	Conclusion
This documents has made the following observations:
Observation 1: UE supporting Rel-18 UL Tx switching shall support also Rel-16 and Rel-17 UL Tx switching (for the indicated band pairs).
Observation 2: The Rel-16 signalling already allows indicating up to 6 band pairs for UL Tx switching support.
Observation 3: The simplest approach to rel-18 UL Tx switching configuration would be to configure separate switching options for each band-pair. 
And proposed the following:
Proposal 1: Reuse Rel-16 signalling to indicated supported band pairs for UL Tx switching with 3 or 4 bands. Define new capability for supported Rel-18 UL Tx switching options.
Proposal 2: Wait for RAN1/4 conclusions on granularity of the interruption-less UL carrier capability.
Proposal 3: RAN2 to discuss how to configure Rel-18 UL Tx switching between different band pairs to allow switching between multiple band( pair)s.

Annex A: RAN2 discussion status on Rel-18 UL Tx switching
RAN2#119e minutes:
	MCE – UL TX switching
Offline first

[bookmark: _Hlk111608812][AT119-e][026][NR18] UL Tx Switching (NTT Docomo)
	Scope: This is an initial discussion. It may be difficult to make firm agreements, but it may be possible to converge on initial assumptions, possibilities on the table. Take into account R2-2208327, R2-2208324, R2-2208107, R2-2208481, Identify on a high level the main RAN2 impacts for the UL Tx switching schemes across up to 3 or 4 bands. Identify discussion points for future meetings, including UE capability and RRC configuration related signaling (Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands).
	Intended outcome: Report
	Deadline: Ready for online CB W2 Tuesday 
[bookmark: _Hlk112163594]	CLOSED

R2-2208936	Summary of [AT119-e][026][NR18] UL Tx Switching (NTT Docomo)		NTT DOCOMO Inc. 
DISCUSSION
- 	Nokia think that on P1, what does it mean, use same list, or use the capabilities. Docomo think the list would be used and also think capabilities can/may be reused. Nokia think the capabilities cannot be re-used, this is just a baseline. Ericsson agrees we attempt to reuse at least the list, and maybe even capabilities. Huawei agrees as well, will attempt to reuse but need to wait for other progress. 

Chair: Good discussion, can keep the proposals as is, they are just baseline assumptions. 

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.


R2-2208327	Work plan for Multi-carrier enhancements	NTT DOCOMO INC.	Work Plan	Rel-18
R2-2208324	Potential issues on UL Tx switching schemes across up to 3 or 4 bands	NTT DOCOMO INC.	discussion	Rel-18
R2-2208107	Consideration on Rel-18 UL Tx switching capability	ZTE Corporation, Sanechips	discussion	Rel-18	NR_MC_enh-Core
R2-2208481	RAN2 impact to support Rel-18 UL Tx switching enhancements	Huawei, HiSilicon	discussion	Rel-18	NR_MC_enh-Core
[026] 4 tdocs above are noted






RAN2#120 minutes:
	UL TX switching
R2-2211153	LS on UE capability and gNB configuration for UL Tx switching across 3 or 4 bands in Rel-18 (R1-2210724; contact: NTT DOCOMO)	RAN1	LS in	Rel-18	NR_MC_enh-Core	To:RAN2	Cc:RAN4
-	CATT observes that 3.1.3 asks RAN2 to look at some things, but it seems RAN1 has not concluded on these options. Are not sure RAN2 can conclude anything on this. Docomo think maybe not all options work, but RAN2 can down select. RAN2 can stat discussing. 
-	CATT think R2 can stay on higher level. Chair think we just discuss based on input. 
Noted

R2-2211172	LS on Rel-18 UL Tx switching (R4-2217741; contact: China Telecom)	RAN4	LS in	Rel-18	NR_MC_enh-Core	To:RAN1, RAN2
Noted

R2-2212500	Discussion on Rel-18 UL Tx switching based on LS from RAN1 and RAN4	NTT DOCOMO INC.	discussion	Rel-18

DISCUSSION
Docomo indicate that P1 P2 P4 P6 can be discussed. 
P1
-	CATT and HW think we need to wait for some progress. CATT e.g. think we can discuss for band-pair for dual bands as a start. Ericsson think we can agree first part of P1. Can also mention sw options. 
-	OPPO guess that per-band pair is just an example. Docomo think that legacy is per BC and per band-pair. 
-	ZTE think we need to clarify concurrent transmission, think the per-band-pair, this always involves 2 bands not more, think this is as Alt2 in the LS. 
-	ZTE ad QC think concurrent = dual ul.
- 	QC prefer Alt1. ZTE agrees. 
-	vivo think Alt2 is simpler
-	Docomo can also accept Alt 1
-	Apple think that UE can support all with switched UL but only some cases for dual UL. 
-	Nokia prefer Alt2
-	ZTE think Alt1 is more compatible with what we have, which is a benefit. HW think Alt 2 is more compatible with what we have now
-	QC think Alt 1 gives more flexibility for the UE.
-	Chair: there seems to be support for Alt2 (but also some support for Alt2), we wait for more progress in R1 and R4. 
P2
-	ZTE think P2 and P4 are agreeable, but we should send LS to R4 to check. CATT think we don’t need an LS. 
-	Ericsson think this was agreed already in R4. 
P4
-	CATT and HW think we need to consider fallback. Ericsson think R4 request same capability as R17, which motivates using the same field.
-	Docomo think that the solution that fallback is explicitly described e.g. in FD. 
-	HW think that R17 cap is per band per BC which is the same as R18, so ok.  
P6
-	
-	Docomo proposes to postpone.

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).
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).

R2-2211221	Discussion on R18 UL Tx Switching	OPPO	discussion	Rel-18	NR_MC_enh-Core
R2-2211454	Discussion on Rel-18 UL Tx switching capability and configuration	CATT	discussion	Rel-18	NR_MC_enh-Core
R2-2211668	discussion on UE capability and RRC configuration for UL tx switching	vivo	discussion	Rel-18
R2-2211742	Discussion on UL Tx switching	Apple	discussion	Rel-18	NR_MC_enh-Core
R2-2211755	RAN2 impact to support Rel-18 UL Tx switching enhancements	Huawei, HiSilicon	discussion	Rel-18	NR_MC_enh-Core
R2-2211907	Discussion on Rel-18 UL Tx switching capability and configuration	ZTE Corporation, Sanechips	discussion	Rel-18	NR_MC_enh-Core
R2-2212391	On RAN2 aspects for UL TX switching Rel-18	Ericsson	discussion







