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1 Introduction
For Rel-18 multi-carrier enhancements WI [1], as one of the objectives, UL Tx switching across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs is included. RAN4#110 received a LS from RAN2[2]. This paper shows our view that RAN2 agreements mentioned in the LS do not conflict with RAN4 previous agreements. In addition, this paper provides an input for UE feature list for Multi-carrier enhancements for NR WI considering the discussion in RAN4#109.
2 RAN2 LS
Background:
RAN4 received a LS from RAN2 regarding Rel-18 UL Tx switching [2]. RAN2 asks RAN4 to take the RAN2 agreements into account and feedback to RAN2 in case there is any concern on agreement 1 or agreement 2 (1st or 2nd sub-bullet as shown below:
	<RAN2 LS [2]>
For Rel-18 UL Tx switching, RAN2 achieved the following agreements in RAN2 #124 meeting:
· RAN2 confirms that Rel-18 signalling can configure 2 bands UL Tx switching for a band pair that the UE supports according to the Rel-18 band pair list UE capability, in which case the network and UE assume the capability reported for R18 UL Tx switching is used. RAN2 respectfully asks RAN4 and RAN1 to take this into account, and feedback to RAN2 in case there is any concern.
· RAN2 assumes that “if switching2T-Mode-r18 IE is configured for a band pair, then 2Tx-2Tx switching period of this band pair will be considered as the input for switching period calculation, for instance, when calculating “min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}” or “max(Tswitch_A-C,Tswitch_B-D ,Tswitch_A-D, Tswitch_B-C)” for switching across 4 bands. RAN2 respectfully asks RAN4 to take this into account, and feedback to RAN2 in case there is any concern.


Discussion:
· For "Agreement 1, our understanding is that there are no conflicts with RAN4 agreements.
· Regarding the past RAN4 agreements related to 2 bands UL Tx switching, there was a discussion on whether the switching period reported by UE for Rel-18 3/4-band Tx switching should be the same or can be different from the switching period for Rel-16/17 2-band switching operations, for a band pair within a band combination supporting Tx switching among 3/4 bands. The conclusion was that different value can be set, as captured in the approved LS [3]. It just says that different values can be set between Rel-16/17 and Rel-18 Tx switching for a band pair, which does not conflict agreement 1 in RAN2, i.e., if Rel-18 signalling configures 2 bands UL Tx switching for a band pair that the UE supports according to the Rel-18 band pair list UE capability, then the switching period reported for Rel-18 UL Tx switching should be used.
	<Approved RAN4 LS [3]>
Issue 1: Exact value of Tx switching period for each band pair

RAN4 discussed the exact value of Tx switching period for each band pair in the band combination, and has agreed that:

· For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations.

· Note 1: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.

· Note 2: here the band pair is a pair of bands within which there is a switching with a switching period.


· While it does not conflict with RAN4 agreements, from the description of specification perspective, it is worth considering whether to make this point more explicit in the specification. There are several descriptions like “three or four bands” in TS 38.101-1 v18.4.0. One way is to describe “up to four bands” according to RAN2 agreements that Rel-18 signalling can configure 2 bands Tx switching.
	<TS 38.101-1 v18.4.0>
5.5A.3.0
General
For the NR inter-band CA configurations in sub-clause 5.5A.3, when the capability [BandCombination-UplinkTxSwitch-r18] is present, three or four bands can be configured in the uplink with simultaneous uplink transmission on up to two bands, and the corresponding inter-band CA requirements with uplink assigned to one or two bands shall apply. For each uplink band pair in the NR inter-band CA configurations, according to the capability [uplinkTxSwitchingOptionForBandPair], 


· For "Agreement 2, we also understand that there are no conflicts with RAN4 agreements. 
· In TS 38.101-1 v 18.4.0, while the names of UE capabilities are stated explicitly, that of RRC configuration is not stated and it is simply stated as "when 2Tx-2Tx switching between the two bands in the band pair is supported and configured". In our understanding, this could be interpreted with the same intention as RAN2.
	<TS 38.101-1 v18.4.0>
6.3A.3.3.6
Time mask for switching across three or four uplink bands
===Texts are omitted===
For each band pair, the switching periods described in Figure 6.3A.3.3.6-1 and Figure 6.3A.3.3.6-2 are located in either NR band X or band Y as indicated in RRC signalling [uplinkTxSwitchingBandList-r18] [7]. For each band pair, the length of uplink switching period X is indicated by UE capability [switchingPeriodFor1T-r18] when 1Tx-1Tx switching or 1Tx-2Tx switching between the two bands in the band pair is supported and configured, or is indicated with [switchingPeriodFor2T-r18] when 2Tx-2Tx switching between the two bands in the band pair is supported and configured. UE shall be capable to transmit until the beginning of the switching period and after the end of switching period with the exception of transient periods.


Proposal 1: Following RAN2 agreements have no issue from RAN4 perspective, and hence no reply to R4-2400022 is necessary.
· Agreement 1) Rel-18 signalling can configure 2 bands UL Tx switching for a band pair that the UE supports according to the Rel-18 band pair list UE capability, in which case the network and UE assume the capability reported for R18 UL Tx switching is used.
· Agreement 2) “if switching2T-Mode-r18 IE is configured for a band pair, then 2Tx-2Tx switching period of this band pair will be considered as the input for switching period calculation, for instance, when calculating “min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}” or “max(Tswitch_A-C,Tswitch_B-D ,Tswitch_A-D, Tswitch_B-C)” for switching across 4 bands.
Observation 1: It is worth considering whether to make the specification more clear according to the following RAN2 agreement (agreement 1):

· Agreement1) Rel-18 signalling can configure 2 bands UL Tx switching for a band pair that the UE supports according to the Rel-18 band pair list UE capability, in which case the network and UE assume the capability reported for R18 UL Tx switching is used.

· Consider whether the description of “three or four bands” for Rel-18 Tx switching in TS 38.101-1 v18.4.0 should be replaced with “up to four bands”.
3 UE feature list
This section provides the RAN4 UE feature list for Rel-18 NR_MC_enh. The components in the table are described considering RAN2 TS 38.306. The same contributions are submitted in AI 10 for UE feature list according to Chairman’s guidance [4].
In our understanding, the following two parts still may need further discussion based on companies’ feedbacks in RAN4#109:

· For feature 38-3 “Switching period for dynamic UL Tx switching across 2 bands in case of inter-band CA, SUL for dual TAG”, one party suggests including it as Rel-18 feature since corresponding RAN4 requirements are introduced in Rel-18. Another party suggests not including it since 2 bands Tx switching for dual TAG is indicated by the existing capability supportNumberTAG from Rel-15. We are open to further discuss, and thus we put a square bracket as [38-3] which means it needs further discussion before including it in the feature list. One aspect we would like to note is that, in the last meeting, RAN4 agreed the CR for TS 38.307 to introduce two-band Tx switching with dual TAG in an earlier release [5]. Therefore, release applicability for 2 bands Tx switching for dual TAG is already clear.
· For feature 38-9 “Improved switching period for four-band switching case”, one party suggests using similar wording captured in the approved RAN4 LS[6] such as “the indication of UE’s preferred (switched-from, switched-to) band pairs for parallel UL transmission switch”. Another party suggests using wording according to the latest RAN2 agreements. Regarding this issue, we slightly prefer to take latter one since we also think that, in last meeting, RAN2 agreed to introduce the advanced capability of the switching period can be improved to min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}, instead of indication of UE preferred switching band pairs that RAN4 originally asked RAN2 to implement while the outcome of improved switching period is same in our understanding. In any cases, our view is that the description of RAN2 and RAN4 should be aligned with each other as much as possible. In this contribution, we propose a middle way to consider the opinion from both sides as described in the following table. We also put a note referring to the RAN4 approved LS.
RAN2 Agreements captured in RAN2#124 meeting report:

1. FFS To avoid misalignment between the UE and the NW, RAN2 to agree to introduce new RRC signaling to indicate the switching periods for each configured band pairs by the NW, and send the LS reply to RAN4.  FFS UE capability reporting is needed.  

2. RAN2 introduce following capability. Supporting the advanced capability of the switching period can be improved to min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)} .

3. RAN2 confirms that Rel-18 signalling can configure 2 bands UL Tx switching for a band pair that the UE supports according to the Rel-18 band pair list UE capability, in which case the network and UE assume the capability reported for R18 UL Tx switching is used. 
4. Ask RAN4 if the following RAN2 understanding is ok “if “switching2T-Mode-r18” IE is configured for a band pair, then 2Tx-2Tx switching period of this band pair will be considered as the input for switching period calculation, for instance, when calculating “min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}” or “max(Tswitch_A-C,Tswitch_B-D ,Tswitch_A-D, Tswitch_B-C)” for switching across 4 bands.”
5. RAN2 sends LS to RAN1 and RAN4 to inform agreements 2-4 and ask questions about 3 and 4

Proposal 2: RAN4#110 discusses the following table as a baseline for the UE feature list for Rel-18 multi-carrier enhancements WI.
38. NR_MC_enh

	Features 
	Index 
	Feature group 
	Components 
 
	Prerequisite feature groups 
	Need for the gNB to know if the feature is supported 
	Applicable to the capability signalling exchange between UEs (V2X WI only)”. 
	Consequence if the feature is not supported by the UE 
	Type 
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC) 
	Need of FDD/TDD differentiation 
	Need of FR1/FR2 differentiation 
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2 
	Note 
	Mandatory/Optional 

	38. 

NR_MC_enh 
	38-1 
	Switching period for dynamic UL Tx switching across 3 bands in case of inter-band CA, SUL for single TAG
	1. Indicate support of dynamic UL Tx switching across 3 bands for inter-band UL CA, or SUL for single TAG.

2. Indicate the supported switching period for dynamic UL Tx switching across 3 bands for inter-band UL CA, or SUL for single TAG.
	 
	Yes 
	N/A 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination 
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Component 2 candidate value: {35us, 140 us, 210us}
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-2 
	Switching period for dynamic UL Tx switching across 4 bands in case of inter-band CA, SUL for single TAG 
	1. Indicate support of dynamic UL Tx switching across 4 bands for inter-band UL CA, or SUL for single TAG.

2. Indicate the supported switching period for dynamic UL Tx switching across 4 bands for inter-band UL CA, or SUL for single TAG.
	 
	Yes 
	N/A 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination 
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Component 2 candidate value: {35us, 140 us, 210us}
	Optional with capability signaling 

	38. 

NR_MC_enh 
	[38-3] 
	Switching period for dynamic UL Tx switching across 2 bands in case of inter-band CA, SUL for dual TAG 
	1. Indicate support of dynamic UL Tx switching across 2 bands for inter-band UL CA, or SUL for dual TAG.

2. Indicate the supported switching period for dynamic UL Tx switching across 2 bands for inter-band UL CA, or SUL for dual TAG.
	 
	Yes 
	N/A 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination 
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Component 2 candidate value: {35us, 140 us, 210us}
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-4 
	Switching period for dynamic UL Tx switching across 3 bands in case of inter-band CA, SUL for dual TAG 
	1. Indicate support of dynamic UL Tx switching across 3 bands for inter-band UL CA, or SUL for dual TAG.

2. Indicate the supported switching period for dynamic UL Tx switching across 3 bands for inter-band UL CA, or SUL for dual TAG.
	 
	Yes 
	N/A 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination 
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Component 2 candidate value: {35us, 140 us, 210us}
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-5
	Switching period for dynamic UL Tx switching across 4 bands in case of inter-band CA, SUL for dual TAG 
	1. Indicate support of dynamic UL Tx switching across 4 bands for inter-band UL CA, or SUL for dual TAG.
2. Indicate the supported switching period for dynamic UL Tx switching across 4 bands for inter-band UL CA, or SUL for dual TAG.
	 
	Yes 
	N/A 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination 
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Component 2 candidate value: {35us, 140 us, 210us}
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-6
	Application of DL interruptions due to dynamic UL Tx switching
	1. Capability to indicate that for the band where DL interruption is needed, the RRM interruption requirements defined in RAN4 shall be applied for duplex mode combinations except the combinations

-
SUL+TDD

-
TDD+TDD CA with the same UL-DL pattern SUL+TDD 
	38-1, 38-2, 38-3, 38-4, 35-5
	Yes 
	N/A 
	UL Tx switching where DL interruption is needed cannot be supported. 
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Note: Field encoded as a bit map, where bit N is set to "1" if DL interruption on band N will occur during uplink Tx switching as specified in TS 38.133 [5]. The leading / leftmost bit (bit 0) corresponds to the first band of this band combination, the next bit corresponds to the second band of this band combination and so on.
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-7 
	Switching Period for unaffected Band for Dual UL
	1. Indicate for a given band pair {band X and band Y}, whether/how the switching period is to be applied on band X, Y, Z, when a UL Tx switching is triggered from band pair {band X and band Z} to band pair {band Y and band Z}, as defined in 38.101-1. If absent for band Z, the UE is not required to transmit on any UL bands during the switching period reported for the band pair of band X and band Y, as defined in 38.101-1

2. Indicate the support of uplink transmission on band Z and is not required to transmit on band X and Y during the switching period reported for the band pair of band X and band Y, as specified in 38.101-1. 

3. Indicate additionally the supported switching period for unaffected band for dual UL.

 
	38-1, 38-4
	Yes 
	N/A 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination.
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Component 3 candidate value: {35us, 140 us, 210us}
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-8 
	Additional switching Period for Dual UL
	1. Indicate additionally the supported Tx switching period for switching between a band pair and another band pair or another band, when Rel-18 UL Tx switching is configured by uplinkTxSwitchingMoreBands-r18. If the capability is not reported, the switching period reported in switchingPeriodFor2T-r18 or switchingPeriodFor1T-r18 applies, as specified in TS 38.214 and TS 38.101-1.


	38-1, 38-2,  38-4, 35-5
	Yes 
	N/A 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination.
	Per BC
	No
	FR1 only 
	Support mixture of FDD/TDD 
	 Component 1 candidate value: {35us, 140 us, 210us}
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-9 
	Improved switching period for four-band switching case
	1. Support the capability that the switching period can be improved to min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}  assuming UE’s preferred (switched-from, switched-to) band pairs for parallel UL transmission switching for a band combination consisting of four different bands.
	38-1, 35-5
	Yes
	N/A 
	Network can only assume the maximum switch period
	Per BC 
	No
	FR1 only
	 Support mixture of FDD/TDD 
	Note: Detailed information can refer to the LS to RAN2 in R4-2317609 
	Optional with capability signalling 

	38. 

NR_MC_enh 
	38-10
	UL-MIMO coherence capability for dynamic Tx switching between 2Tx-2Tx switching among 3 or 4 bands


	1. Apply UL-MIMO coherence for the 2Tx-capable UL band(s). Rel-17 signalling on UL-MIMO coherence capability for 2Tx-2Tx switching is reused
	38-1, 38-2, 38-3, 38-4, 35-5
	Yes
	N/A
	UL-MIMO coherence cannot be supported for UL Tx switching across more than 2 bands.
	Per BC
	No
	FR1 only
	Support mixture of FDD/TDD
	Note: Detailed information can refer to the LS to RAN2 in R4-2217741.
	Optional with capability signalling

 


4 Conclusion

Here we summarize our proposals: 
Proposal 1: Following RAN2 agreements have no issue from RAN4 perspective, and hence no reply to R4-2400022 is necessary.
· Agreement 1) Rel-18 signalling can configure 2 bands UL Tx switching for a band pair that the UE supports according to the Rel-18 band pair list UE capability, in which case the network and UE assume the capability reported for R18 UL Tx switching is used.

· Agreement 2) “if switching2T-Mode-r18 IE is configured for a band pair, then 2Tx-2Tx switching period of this band pair will be considered as the input for switching period calculation, for instance, when calculating “min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}” or “max(Tswitch_A-C,Tswitch_B-D ,Tswitch_A-D, Tswitch_B-C)” for switching across 4 bands.
Observation 1: It is worth considering whether to make the specification more clear according to the following RAN2 agreement (agreement 1):

· Agreement1) Rel-18 signalling can configure 2 bands UL Tx switching for a band pair that the UE supports according to the Rel-18 band pair list UE capability, in which case the network and UE assume the capability reported for R18 UL Tx switching is used.

· Consider whether the description of “three or four bands” for Rel-18 Tx switching in TS 38.101-1 v18.4.0 should be replaced with “up to four bands”.
· Proposal 2: RAN4#110 discusses the following table as a baseline for the UE feature list for Rel-18 multi-carrier enhancements WI.
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