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1. Introduction
In this contribution, we discuss the remaining issues of RAN2 signaling design based on the latest RAN1 and RAN4 agreements on Rel-18 UL Tx switching enhancements. 
1. Discussion
The remaining issues for UE capability reporting and RRC configuration include the following aspects:
· Switching period reporting, i.e. common capability or separate capabilities to reporting 2Tx-2Tx switching time and 1Tx-2Tx (and 1Tx-1Tx) switching time.
· Dependence between Rel-18 UE capability reporting and existing Rel-16/17 UE capability reporting, including FSC reporting.
· RAN1 capability on minimum separation time. 
2.1 Switching period reporting
In last RAN2 meeting, the following agreements were made. A LS is send in R2-2304567 to RAN4 and RAN1 to further check if the two capabilities for switching period are really needed and if so how to use the two capabilities.
	· 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). 
· FFS if the UE supports 1T-2T, whether the UE need to report this capability for every case (or whether it could/should be inferred from R1617 reporting).
· FFS if the absence of 2Tx-2Tx per-band-pair UE capability (switching period) means the UE does not support 2Tx-2Tx UL Tx switching.


From RAN2 signalling, the corresponding two methods can be down-selection based on RAN4/RAN1 answers.
Method 1: one common capability for 2Tx-2Tx, 1Tx-2Tx and 1Tx-1Tx switching period. 
This method assumes that the UE reports MIMO layer/port number capabilities in FS, and reports switching period in the per-band pair capability, and network configure maximum MIMO layer/port number based on FS reporting, and assume the common switching period value applies for all switching cases. No other RRC configuration is needed beyond that.
Method 2: separate capability for 2Tx-2Tx switching and 1Tx-2Tx (and 1Tx-1Tx) switching period. 
This method assumes that the UE shall report aligned capabilities for MIMO layer/port number, and switching period, i.e. for a given band pair, if supported maximum MIMO layer/port number on one or both of the band is 1, the 1Tx-2Tx switching time is present. If supported maximum MIMO layer/port number is 2 on both bands, the 2Tx-2Tx switching period is present, and additionally 1Tx-2Tx switching period is present if RAN4 confirm that in Rel-18 the band pair supporting 2Tx-2Tx switching also support 1Tx-2Tx switching like in Rel-17. In responds to the two period values reported, how to use the two values needs to be specified. Two possible options are given in LS to RAN4/RAN1 as well. 
	Excerpt from LS R2-2304567
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.


If option 1 is selected, the UE behaviour should be captured in RAN1/RAN4 specification, RAN2 spec changes are not necessary, while if option 2 is selected, the RRC configuration needs to be captured in RAN2 specification. 
Although we expect RAN4/RAN1 to choose one option, they may leave the down-selection to RAN2. Thus we would like to discuss the potential RAN2 RRC configuration in advance, and hopefully all RAN2 remaining issues can be addressed in May meeting. For option 1, we understand the intention is to reduce switching period since 1Tx-2Tx switching period may be smaller than 2Tx-2Tx switching. However, it would be more complex for UE and network implementation, as it need to determine switching period based on each switching which is likely to be very dynamic. Considering the marginal benefit of switching period reduction, we prefer to adopt option 2 which is also in line with the solution introduced in Rel-17, i.e. using uplinkTxSwitching-2T-Mode-r17 to indicate UE to apply Rel-17 2Tx-2Tx switching period. Regarding the granularity, we feel extending the existing per-UE configuration to a per-band pair configuration is straightforward. The updated option2 is summarized as below:
For a band pair involved in a Tx switching, 
1. When both switching period capabilities are reported, 
· If 2-port/2-layer configured on both band (with uplinkTxSwitching-2T-Mode is configured on that band pair), 2Tx-2Tx switching period applies; 
· Else if 1-port/1-layer configured on one or both bands (without uplinkTxSwitching-2T-Mode is configured on that band pair), 1Tx-2Tx switching period applies;
2. When only 1Tx-2Tx switching period capability is reported, 1Tx-2Tx switching period applies, which implies that the UE only supports 1Tx-2Tx switching and the network will only configure 1Tx-2Tx/1Tx-1Tx switching on this band pair (without uplinkTxSwitching-2T-Mode is configured on that band pair).
Note: Network should ensure the consistent configuration on each band pair in terms of port number/MIMO layer and uplinkTxSwitching-2T-Mode, which is also the Rel-17 RAN1 assumption when introducing the RRC configuration of uplinkTxSwitching-2T-Mode.
Proposal 1: RAN2 capture the two capabilities of switching period in RAN2 CRs which can be updated based on RAN4/RAN1 LS rely.  
Proposal 2: If RAN4/RAN1 confirm that two switching period capacities are needed and how to use it can be left to RAN2, RAN2 choose the refined option 2, i.e. add RRC configuration, similar like uplinkTxSwitching-2T-Mode to each band pair. 
	Refined option2:
For a band pair involved in a Tx switching, 
1. When both switching period capabilities are reported, 
· If 2-port/2-layer configured on both band (with uplinkTxSwitching-2T-Mode is configured on that band pair), 2Tx-2Tx switching period applies; 
· Else if 1-port/1-layer configured on one or both bands (without uplinkTxSwitching-2T-Mode is configured on that band pair), 1Tx-2Tx switching period applies;
2. When only 1Tx-2Tx switching period capability is reported, 1Tx-2Tx switching period applies, which implies that the UE only supports 1Tx-2Tx switching and the network will only configure 1Tx-2Tx/1Tx-1Tx switching on this band pair (without uplinkTxSwitching-2T-Mode is configured on that band pair).
Note: Network should ensure the consistent configuration on each band pair in terms of port number/MIMO layer and uplinkTxSwitching-2T-Mode.



2.2 Dependence between Rel-18 UE capability reporting and existing Rel-16/17 UE capability reporting
In April meeting, RAN4 discussed whether the fallback of Rel-18 Tx switching to Rel-16/17 Tx switching can be supported, and reached the following agreement and understanding:
	Excerpt from R4-2306623
· 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. 


Before discussing how to implement the above RAN4 agreements in RAN2 specification, we need to clarify first that there are two parts of Rel-18 UL Tx switching UE capability for a band combination including 3 or 4 UL bands:
· Part I: Capabilities related to Tx switching requirement/mechanism, e.g. switching time, switching option and so on, which are mainly per band pair because switching between different bands may have different situation.
· Part II: Capabilities related to UL transmission on each UL band when Rel-18 UL Tx switching is enabled, e.g. support of UL MIMO/2-port transmission and so on, which are reported per-band or per-FS in non-UL Tx switching cases, as well as in Rel-16/Rel-17 UL Tx switching between 2 bands.
The RAN4 agreements do not different the two parts of UE capability, so further analysis is needed from RAN2 point of view. In our understanding,
The first bullet especially “the current 38.331 fallback framework” means the basic fallback band combination, fallback per band feature set, and fallback per CC feature set should be applicable for Rel-18 UL Tx switching specific UE capability reporting. However, it should be noted that the fallback band combination should be limited to UL Tx switching, i.e. the fallback band combination should include at least one band pair, which is same as the Rel-16 agreement that a fallback band combinations resulting from the reported band combination, which include at least one band pair supporting dynamic UL Tx switching as indicated in ULTxSwitchingBandPair, shall supported by the UE.
Proposal 3: RAN2 confirm that the basic fallback band combination, fallback per band feature set, and fallback per CC feature set should be applicable to Rel-18 UL Tx switching specific UE capability reporting, with the clarification that for Rel-18 UL Tx switching, a fallback band combination resulting from the reported band combination, which includes at least one band pair, shall be supported by the UE.
The blue part in the second bullet means the Rel-16/17 switching capabilities between two bands can be derived from the Rel-18 capability among 3/4 bands. And if different fallback exists, the UE can explicitly report. We understand this part refers to FS reporting as we discussed in [post121][045][MCE] (summary is in R2-2302730), and the RAN4 agreement aligns with Approach 1.
	Excerpt from R2-2302730
· If it is possible that UE supports both Rel-18 and Rel-16/17 UL Tx switching for the same band combination,
· Approach 1: the 3/4 FeatureSetUplink are reported in one row in FSC for the 3/4 UL bands involved in Rel-18 UL Tx switching;
· Note: If Approach 1 is down-selected, the UE needs to guarantee the FeatureSetUplinks reported for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if the Rel-16/Rel-17 switching period is reported for that band pair and the same switching option of the band pair is supported for Rel-16/Rel-17 switching.
· [bookmark: _Hlk131491310]Note: If Approach 1 is down-selected, discuss if UEs are allowed to report feature sets for Rel-16/17 UL Tx switching apart from that for Rel-18 UL Tx switching.
· Approach 2: the FeatureSets reported for Rel-16/17 Tx switching between 2 bands can be combined to indicate UL capabilities on the 3/4 UL bands for Rel-18 UL Tx switching;


Proposal 4: In Rel-18 UL Tx switching, the 3/4 FeatureSetUplink corresponding to the 3/4 UL bands are reported in one row for a given BC including 3/4 UL bands, and fallback and backward compatibility should be supported in the following way:
· The UE needs to guarantee the FeatureSetUplinks reported for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if the Rel-16/Rel-17 switching period is reported for that band pair and the same switching option of the band pair is supported for Rel-16/Rel-17 switching.
· The UE can report FSC row for Rel-16/Rel-17 UL Tx switching explicitly if the Rel-16/Rel-17 switching period is reported for that band pair in case of different fallback.
The yellow part in the second bullet seems to be pointless. Because it should be clear enough that the network should configure two-band switching if the UE supports Rel-16/17 switching, and configure 3/4-band switching if the UE supports Rel-18 switching. And the UE should apply Rel-16/17 UE capability (mainly switching period and DL interruption) following Rel-16 RRC configuration, or apply Rel-18 capability (mainly switching period, associated band, advanced interruption capability) following Rel-18 RRC configuration.
Proposal 5: RAN2 confirm that a UE should apply Rel-16/17 UE capability (mainly switching period and DL interruption) if Rel-16/17 UL Tx switching is configured i.e. via Rel-16/17 signalling, or apply Rel-18 capability (mainly switching period, associated band, advanced interruption capability) if Rel-18 UL Tx switching is configured i.e. via Rel-16/17 signalling.
There is still one issue related to RAN 2 signalling, i.e. whether the Rel-18 band pairs also support Rel-16/17 switching. If the answer is yes, then the Rel-16 band pair list can be reused for indicating Rel-18 per-band pair capability which is the same as in Rel-17, but if the answer is no, then the Rel-18 band pair list should be a new one. Technically, we think there is no reason that a band pair supporting Rel-18 switching but not support Rel-16/17 switching, thus we prefer to reuse Rel-16 band pair list.
Proposal 6: RAN2 confirm that Rel-16 band pair list can be reused to indicate Rel-18 per-band pair capability which is the same as in Rel-17.
2.3 RAN1 capability on minimum separation time
The details on this UE capacity have been discussed in RAN1 April meeting, and the following agreement was made.
	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





It seems there are some uncertainty points on default behavior and the value [0us], but at least the granularity is clear as per-BC, thus RAN2 can start to capturing this capability and do the further revision based on RAN1 final feature list.
Proposal 7: RAN2 to introduce a per-BC capability of Minimum separation time. The exact values of the capability is pending to RAN1.

1. Conclusion
Based on the above discussion, the proposals from our side are: 
Proposal 1: RAN2 capture the two capabilities of switching period in RAN2 CRs which can be updated based on RAN4/RAN1 LS rely.  
Proposal 2: If RAN4/RAN1 confirm that two switching period capacities are needed and how to use it can be left to RAN2, RAN2 choose the refined option 2, i.e. add RRC configuration, similar like uplinkTxSwitching-2T-Mode to each band pair. 
	Refined option2:
For a band pair involved in a Tx switching, 
1. When both switching period capabilities are reported, 
· If 2-port/2-layer configured on both band (with uplinkTxSwitching-2T-Mode is configured on that band pair), 2Tx-2Tx switching period applies; 
· Else if 1-port/1-layer configured on one or both bands (without uplinkTxSwitching-2T-Mode is configured on that band pair), 1Tx-2Tx switching period applies;
2. When only 1Tx-2Tx switching period capability is reported, 1Tx-2Tx switching period applies, which implies that the UE only supports 1Tx-2Tx switching and the network will only configure 1Tx-2Tx/1Tx-1Tx switching on this band pair (without uplinkTxSwitching-2T-Mode is configured on that band pair).
Note: Network should ensure the consistent configuration on each band pair in terms of port number/MIMO layer and uplinkTxSwitching-2T-Mode.


Proposal 3: RAN2 confirm that the basic fallback band combination, fallback per band feature set, and fallback per CC feature set should be applicable to Rel-18 UL Tx switching specific UE capability reporting, with the clarification that for Rel-18 UL Tx switching, a fallback band combination resulting from the reported band combination, which includes at least one band pair, shall be supported by the UE.
Proposal 4: In Rel-18 UL Tx switching, the 3/4 FeatureSetUplink corresponding to the 3/4 UL bands are reported in one row for a given BC including 3/4 UL bands, and fallback and backward compatibility should be supported in the following way:
· The UE needs to guarantee the FeatureSetUplinks reported for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if the Rel-16/Rel-17 switching period is reported for that band pair and the same switching option of the band pair is supported for Rel-16/Rel-17 switching.
· The UE can report FSC row for Rel-16/Rel-17 UL Tx switching explicitly if the Rel-16/Rel-17 switching period is reported for that band pair in case of different fallback.
Proposal 5: RAN2 confirm that a UE should apply Rel-16/17 UE capability (mainly switching period and DL interruption) if Rel-16/17 UL Tx switching is configured i.e. via Rel-16/17 signalling, or apply Rel-18 capability (mainly switching period, associated band, advanced interruption capability) if Rel-18 UL Tx switching is configured i.e. via Rel-16/17 signalling.
Proposal 6: RAN2 confirm that Rel-16 band pair list can be reused to indicate Rel-18 per-band pair capability which is the same as in Rel-17.
Proposal 7: RAN2 to introduce a per-BC capability of Minimum separation time. The exact values of the capability is pending to RAN1.
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