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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 approved the updated UE feature list [2] and one remaining open issue is whether features #38-4 and #38-5 should be merged according to RAN2 agreement. Regarding this issue, RAN4#110bis received a LS from RAN2 [3]. This paper shows our view that these two features should be merged into one based on RAN2 agreements. In addition, this paper provides an input to finalize UE feature list for Multi-carrier enhancements for NR WI.
2 Handling of feature #38-4 and #38-5
Background:
· RAN4#110 approved the updated UE feature list [2] and one remaining open issue is whether features #38-4 and #38-5 should be merged according to RAN2 agreement. 
	38. 

NR_MC_enh 
	38-4
	[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. 

NR_MC_enh 
	38-5
	[preferredBandPairs for four-band switching case]
	[1. Support the indication of 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.]


· Regarding this issue, RAN4 received a LS from RAN2 in this meeting[3]. RAN2 asks RAN4 to take the RAN2 agreements into account and feedback to RAN2 in case there is any concern on RAN2 agreement as shown below:
	RAN2 LS [3]
RAN2 thanks RAN4 for the LS on UL Tx switching for parallel switching on four bands. 
In RAN2#124 and RAN2#125 meeting, RAN2 discussed RAN4 LS. RAN2 realize RAN4 asked RAN2 for “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)}” and thus agreed on the solution that:

Rely on switchingAdditionalPeriodDualUL-r18 to report min{max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}.

i.e., to address the intention to support the improved switching period by reporting the period length of min{max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)} via switchingAdditionalPeriodDualUL-r18 (i.e., the field introduced for uplinkTxSwitching1T1Tto1T1T upon R4 request in LS R4-2310495).

RAN2 also realize RAN4 asked RAN2 to “Introduce optional per-BC UE capability to distinguish the case-1 and case-2 based on scheduled order of uplink grants and report the preferred case by UE as illustrated in the attachment[1]”:

On one hand, this agreement was made by assuming no need for the network to be aware of those switching cases based on the description in the RAN4 LS. Instead, it is sufficient to signal the improved switching period itself as mentioned above. Such solution also has the benefit that common capability signalling framework can be used for different use cases. 

On the other hand, there is also concern raised in RAN2 on this solution. I.e., the RAN2 agreement only implements part of the technical solution illustrated in the attachment of the LS, i.e., the first key point of the three key points of the solution which are 1) UE indicating its advanced capability of this solution; 2) UE reports its preferred switching case; 3) the network configures which switching case applied. However, there is also concern raised on overlooking the other two key points in this solution. 

Pending RAN4 response to the above concern, RAN2 will revisit the agreement if needed.


Discussion:
· Based on the Rel-18 discussion in previous meetings, in our understanding, both features #38-4 and #38-5 were introduced for four different bands switching, i.e., between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T}. 
· Feature #38-4 was described in the approved LS in RAN4#107[4]. This feature allows UE to additionally report new switching periods per combination of switching-from bands and switching-to bands (i.e., four different bands switching). In our understanding, when this feature was being discussed, the motivation was some UE implementation may need larger switching period for switching band pairs in four different bands switching case compared to switching periods of the same switching band pairs in other switching cases, e.g. between {1T, 0T, 0T, 0T} and {0T, 1T, 0T, 0T}. A set of examples are also listed here to facilitate understanding as described in [4]:

· For switching from {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on band {A, B, C, D},

· When UE reports

· Tswitch_A-C=35us
· Tswitch_B-D=35us
· Tswitch_A-D=35us
· Tswitch_B-C=35us
· As default behaviour, 35us will be used for switching between band A+B and band C+D.

· If the additional IE [uplinkTxSwitchingPeriod1T1Tto1T1T] is reported for switching between A+B and C+D, and UE still report 35us from Rel-18 A->C (can be different from Rel-16/17 capability for A->C), report 35us for B->D, and report 140us for A+B->C+D, then

· 35us will be used for switching {1, 0, 0, 0} to {0, 0, 1, 0}.

· 140us will be used for switching {1, 1, 0, 0} to {0, 0, 1, 1} and {0, 0, 1, 1} to {1, 1, 0, 0}.
	RAN4 LS[4]
Switching case across four bands, i.e., between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T}

· Agreement:

· As optional UE behavior, in addition to the previously agreed UE capability on per-band-pair switching period, UE can optionally and additionally report new switching periods capability of [uplinkTxSwitchingPeriod1T1Tto1T1T] per combination of switching-from bands and switching-to bands.

· Candidate values are {35u, 140us, 210us}, no other values to be added.

· For switching between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T} on band {A, B, C, D},
· Switching-from bands are A+B, and switching-to bands are C+D, or, 

· Switching-from bands are C+D, and switching-to bands are A+B

· UE to report one value for each combination of switching-from bands and switching-to bands, which applies to both A+B to C+D and C+D to A+B.
· This new capability only applies for switching of 2Tx chains between 2 different band pair as a switching event, i.e., between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T}, and the default UE behaviour based RAN4 previously agreed capability applies unless otherwise stated.


· Feature #38-5 was described in the approved LS in RAN4#108bis[5] The motivation of this feature is, in our understanding, to improve switching periods for four different bands switching as min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)} by indicating the UE preferred band switching case between case 1 and 2 below.
	RAN4 LS[5]
For four band Tx switching case, the baseline UE assumption was sent to RAN2 in the LS R4-2220548, with the switching period max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} for the four-band switching case where the bands scheduled for uplink transmission before Tx switching is band A and band B, and the bands scheduled for uplink transmission after Tx switching is band C and band D. RAN4 further identifies there are two cases below:
· Case-1: One of the two Tx chains switches from band A to band C, the other Tx chain switches from band B to band D

· Case-2: One of the two Tx chains switches from band A to band D, the other Tx chain switches from band B to band C.

To improve the switching period for this case, RAN4 agreed to introduce an optional capability to resolve switching ambiguity issue (R4-2310496) with the following solutions:
· Introduce optional per-BC UE capability to distinguish the case-1 and case-2 based on scheduled order of uplink grants and report the preferred case by UE as illustrated in the attachment[1]. 
· 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)} .
The improvement of switching period is only achievable when UE is granted with preferred switching band pair.
This capability cannot be reported simultaneously with the [ uplinkTxSwitching1T1Tto1T1T].


· Our understanding on background of RAN2 solution is RAN2 thinks feature #38-4 can cover the outcome of feature #38-5. For example,   
· For switching from {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on band {A, B, C, D},

· When UE reports
· Tswitch_A-C=35us
· Tswitch_B-D=35us
· Tswitch_A-D=140us
· Tswitch_B-C=210us
· As default UE behaviour, since the switching period is defined as max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}, the applicable switching period is 210us.
· By applying feature 38-5, the switching periods can be improved as min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}, i.e., 35us in this example. Although we agree this improvement would be beneficial, the smaller switching period also can be achieved by indicating 35us through feature #38-5. This is because feature #38-5 allows UE to additionally report new switching periods per different four bands switching case.
· Therefore, we see no issues on the RAN2 agreement. Accordingly, we propose the content of reply LS as shown in [6]. 
· In addition, we would like to suggest merging features 38-4 and 38-5 into one feature to finalize the feature list for Multi carrier enhancement WI.
Proposal 1: Agree there is no concern on RAN2 agreement captured in R2-2401969.
Proposal 2: Approve the draft reply LS in R4-2405944.
Proposal 3: Approve the following updated UE feature list:
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 up to 4 bands in case of inter-band CA, SUL up to two TAGs
	UE to indicate support of dynamic UL Tx switching across up to 4 bands for inter-band UL CA, or SUL.

switchingPeriodFor2T-r18 indicates the length of 2Tx-2Tx switching period. switchingPeriodFor1T-r18 indicates the length of 1Tx-2Tx switching and/or 1Tx-1Tx switching period, as specified in TS 38.101-1. n35us represents 35 us, n140us represents 140us, and n210us represents 210us, as specified in TS 38.101-1.
	 
	Yes 
	 
	UL Tx switching across more than 2 bands cannot be supported for the band pair in the band combination 
	Per BC, details are up to RAN2
	No need 
	Applicable only to FR1 
	 
	 
	Optional with capability signaling 

	38. 

NR_MC_enh 
	38-2
	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 
	38-1
	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 
	38-3 
	Switching Period for unaffected Band for Dual UL
	SwitchingPeriodUnaffectedBandDualUL 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

-      maintainedUL-Trans-r18 indicates that the UE is capable 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.  

-      periodOnULBands-r18 indicates the switching period to be applied on any UL bands as specified in 38.101-1. n35us represents 35 us, n140us represents 140us, and n210us represents 210us. 

-      Band Z corresponds to the zth entry in the uplinkTxSwitchingPeriodUnaffectedBandDualUL-List-r18, which includes the UL band of this band combination excluding band X and band Y listed in the same order of the band combination.
	38-1
	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 
	38-4
	Additional switching Period for switching case across four bands for Dual UL
	1. Indicate additionally the supported Tx switching period for switching case across four bands, i.e., between {1T, 1T, 0T, 0T and {0T, 0T, 1T, 1T}}, 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
	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 
	38-5
	Void
	
	
	
	
	
	
	
	
	
	
	

	38. 

NR_MC_enh 
	38-6
	UL-MIMO coherence capability for dynamic Tx switching between 2Tx-2Tx switching among up to 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

Rel-17 RAN4 UE FG 16-5, 16-6


	Yes
	N/A
	The existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable UL band(s) for Tx switching


	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

 


3 Conclusion

Here we summarize our proposals: 
Proposal 1: Agree there is no concern on RAN2 agreement captured in R2-2401969.
Proposal 2: Approve the draft reply LS in R4-2405944.

Proposal 3: Approve the following updated UE feature list:
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