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1. Introduction
In RAN2#119e meeting, companies discussed Rel-18 UL Tx switching and made the following conclusions:
	· 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.


[bookmark: _GoBack]In RAN2#120 meeting, RAN2 receives the 2 LSs from RAN1 [1] and RAN4 [2], which include their new agreements, based on these inputs, we discuss the design of UE capability and RRC reconfiguration in this contribution.
2. UE capability signalling
Regarding the UE capability reporting for Rel-18 UL Tx switching, RAN1 has made the following agreements:
	#extracted from RAN1 LS[1]
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
Proposed working assumption 5.1
· Specify UL Tx switching schemes across up to 4 bands in Rel-18
Proposed working assumption 5.2
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
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


Based on above agreements, the key points can be summarized as below:
1. Similar to Rel-16 and Rel-17 UL Tx switching, the switching option for Rel-18 UL Tx switching across 3 or 4 bands includes “switched UL” and “Dual UL”; 
2. For the 3 or 4 bands in a BC which Rel-18 UL Tx switching is supported, by default the UE should support “switched UL” for all band-pair within the 3 or 4 bands;
3. For the 3 or 4 bands in a BC which Rel-18 UL Tx switching is supported, the UE can further indicate for which band-pair(s) “dual UL” can be supported;
In addition, regarding the switching period reporting, based on RAN4 LS [2], RAN4 is still discussing whether new signalling is needed or not. 
	#extracted from RAN4 LS[2]
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.


Regarding the UE capability framework, RAN1 has provided three alternative solutions:
	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


From signalling point of view, Alt.1 is straightforward since switching option is reported in per-band pair level. The signalling framework of Alt.1 is illustrated in figure 1. 
Note: considering Rel-18 switching option is signaled for A+B, A+C, B+C, the network knows Rel-18 UL Tx switching can be configured for 3 bands A+B+C.


Figure 1 illustration of UE capability Alt.1
Alt.2 can be regarded as an optimization on top of Rel-16/17 signalling framework, as switching option is still signaled in per-BC level, the UE just need to further indicate which band pair(s) support “dual UL”. The possible signalling framework of Alt.2 is shown in Figure 2. 
Note: the Rel-18 bitmap or band-pair list is only reported if R18 switching option is set to “dual UL” or “both”. 


Figure 2 illustration of UE capability Alt.2
As we can see, both Alt.1 and Alt.2 can achieve the same purpose, from signalling point of view, the signalling overhead caused by Alt.2 is less than Alt.1. 
[bookmark: _Hlk118245885]Observation 1 	Regarding the alternative solutions for Rel-18 UL Tx switching options, Alt.1 and Alt.2 are similar from signalling point of view, Alt.1 is more straightforward, but Alt.2 causes less signalling overhead.
However, in our mind, the drawback of Alt.2 is that, once RAN4 concludes the switching period for Rel-18 UL Tx switching fully reuses the signalling of Rel-16/Rel-17 per-band pair switching period (no dotted blocks), then it is difficult for the gNB to differentiate which band pair(s) can further support Rel-18 UL Tx switching, and we may need to add an explicit indication for each band pair. 
Observation 2 	If RAN4 decides to reuse the signalling of Rel-16/17 switching period for Rel-18 UL Tx switching, then with Alt.2, it is hard for the gNB to identify which band pair(s) can further support Rel-18 UL Tx switching unless new per-band pair signalling is introduced.
For Alt.3, based on the description, only “dual UL” will be signaled, so the potential signalling framework of Alt.3 is shown in Figure 3. 


Figure 3 illustration of UE capability Alt.2
As we can see, the framework is almost the same as Alt-1. However, due to the updated value range, some questions appear and further clarification is needed:
1. If the absence of “Dual UL supported” indication means this band pair only support “switched UL”, then how to indicate the support of “both”. 
2. Similar to Alt.2, if RAN4 decides to reuse the signalling of Rel-16/17 switching period for Rel-18 UL Tx switching (no dotted blocks), and the band pair does not support “dual UL”, then it is difficult for the gNB to identify whether Rel-18 UL Tx switching can be supported for the band pair.
Observation 3 	For Alt.3, it is unclear why value “both” is removed, and its drawback is same as in Alt.2.
Based on above analysis, we think Alt.1 is simpler and cleaner solution for Rel-18 UL Tx switching, and Alt.1 is workable even if RAN4 decides to reuse Rel-16/17 signalling of switching period, so we suggest to adopt Alt.1. 
Proposal 1 	Adopt Alt.1 for UE capability reporting of Rel-18 UL Tx switching options. 
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination.
For the signalling of Rel-18 switching period and DL interruption, RAN2 can wait for RAN4 progress. 
3. RRC reconfiguration
For RRC reconfiguration, based on RAN1 LS, they have provided the following options. 
	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


Regarding the three options, Alt.1 follows the principle of Rel-16/17 that for a given 3 or 4 bands, no matter which 2 UL are activated, the switching mode (e.g. switchedUL or dualUL) will be the same.
For Alt.2, we understand it tries to provide more flexibility, so for a given 3 or 4 bands, different switching mode can be applied when different UL pairs are activated. 
For Alt.3, it is similar to Alt.1 that the same switching mode is applied irrespective of the activated ULs. 
We provide some examples below to show the difference of these options:
	Reported UE capability:
BC: A+B+C
band pairs that support Rel-18 UL Tx switching:
· A+B: dualUL
· A+C: dualUL
· B+C: switchedUL

	Alt.1
	Alt.2
	Alt.3

	Config: dualUL (for A+B+C)
UE behavior:
1. A+B: dualUL;
2. A+C: dualUL
Note: 
1. band pair B+C with “switched UL” will not be activated. (e.g. the UE can not switch directly from only band B(2T) to only band C(2T)).
	Config: 
· A+B: dual UL
· B+C: switched UL
UE behavior:
1. A+B: dualUL;
2. B+C: switchedUL
Note: 
1. band pair A+C will not be scheduled simultaneously.
	Config: dualUL (for A+B+C)
· A+B: ConcuUL-True
· A+C: ConcuUL-False
UE behavior:
1. A+B: dualUL;
2. A+C: switchedUL
Note: 
1. band pair B+C with “scheduled UL” will not be activated because this band pair does not support dualUL.(e.g. the UE can not switch directly from only band B(2T) to only band C(2T)).;
2. band pair A+C will not be scheduled simultaneously because concuUL is set to False. 


In our view, although the UE can report different switching cases (switchedUL or dualUL or both) for different band pairs, this does not mean the UE can naturally support the combined operation and dynamically change its switching mode when scheduled ULs change. 
On the other hand, we think Rel-16/17 per-BC level control is sufficient, and there is no need to introduce finer granularity control which may require additional RAN4 requirements. Therefore, we suggest to adopt Alt.1 for RRCConfiguration. 
Proposal 2 	Adopt Alt.1 for gNB RRC configuration. 
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)

4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1 	Regarding the alternative solutions for Rel-18 UL Tx switching options, Alt.1 and Alt.2 are similar from signalling point of view, Alt.1 is more straightforward, but Alt.2 requires less signalling overhead.
Observation 2 	If RAN4 decides to reuse the signalling of Rel-16/17 switching period for Rel-18 UL Tx switching, then with Alt.2, it is hard for the gNB to identify which band pair(s) can further support Rel-18 UL Tx switching unless new per-band pair signalling is introduced.
Observation 3 	For Alt.3, it is unclear why value “both” is removed, and its drawback is same as in Alt.2.
Proposal 1 	Adopt Alt.1 for UE capability reporting of Rel-18 UL Tx switching options. 
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination.
Proposal 2 	Adopt Alt.1 for gNB RRC configuration. 
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)

5. Reference
[1] R1-2210724	LS on UE capability and gNB configuration for UL Tx switching across 3 or 4 bands in Rel-18   From RAN1, To RAN2, CC RAN4. 
[2] R4-2217741  LS on Rel-18 UL Tx switching	 From RAN4, To RAN1 RAN2.
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