Page 1

3GPP TSG-RAN WG4 Meeting # 109　　　　　　　　　　　　　　　　　　R4-2318491
Chicago, US, November 13 – 17, 2023
Source: 
NTT DOCOMO, INC.
Title:
Remaining issues and UE feature list for Rel-18 Tx switching
Agenda item:
8.23.2.1 
Document for:
Approval
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. One of remaining issues is clarification on switching periods for fallback band combinations when different values are indicated for different higher order band combinations. In addition, RAN4#109 starts to discuss UE feature list. This paper provides an initial input for UE feature list for this WI.
2 Clarification on Switching periods for fallback band combinations.
Background:
One of remaining issues is clarification on switching periods for fallback band combinations. The approved LS is [2] that just asks RAN2 a question about signalling perspective, and does not list any solutions. Meanwhile, possible solutions proposed by companies during the discussion are captured in [3], which was not approved in RAN4#108bis. 
	RAN4 would like to ask RAN2 to work on a solution. RAN4 discussed possible solutions as follows:

Alt.1: Network configuration

Alt.1-1: Network configures if ABC was a fallback of ABCD or ABCE thus UE knows from which higher order combination the switching periods are inherited from
Alt.1-2: Network configures the switching periods for band pair explicitly respecting the UE capability indication, i.e. either the [AB:35, BC:140] or [AB:140, BC:35]
Alt.2: UE reports preferred capability in addition
Alt.2-1: 
UE additionally reports the switch period capability for A+B+C and override the switch period capability inherited from the parent band combination A+B+C+D or A+B+C+E.
Alt.2-2: 
UE additionally indicate network which switch period capability is applied, i.e. either the [A+B:35us, B+C:140us] or [A+B:140us, B+C:35us].
Alt.3: The maximum switch period capability is applied for each band pair between A+B+C+D and A+B+C+E.


Discussion:
· As described in the related contributions, our understanding on the issue is that 
· when UE support the two Tx switching band combinations of band A+B+C+D and band A+B+C+E, it is possible that UE has different switching periods for the same band pair, for example:

· For band A+B+C+D, A+B with period 35us, A+C with period 140us

· For band A+B+C+E, A+B with period 140us, A+C with period 35us
· In this case, when the network configures band A+B+C, how to determine the switching period for band pair A+B and A+C？
· For Alt 1, we think it can determine appropriate switching period. But it may be more complicated solutions compared to other solutions since additional RRC configurations from NW would be needed. 
· For Alt2-1, in our understanding, it is a straightforward solution based on the current RAN2 signaling design. According to RAN2 fallback rules, if a fallback combination has different capability from higher order band combinations, then UE can additionally report fallback combinations with the different capability. Similar situation where different capability is indicated between higher order configurations would happen for another UE capability. DL MIMO layers can be an example. Assuming that a UE supports band A(2)+band B(4)+band C(4) where (x) indicates the number of DL MIMO layers supported, the UE may support band A(4)+band B(4)+band D(4) considering the baseband capability limitation. In this case, it is unclear for NW whether UE can support band A(4)+band B(4) or band A(2)+band B(4) as a fallback combination. To solve the issue, UE can additionally report band A(4)+band B(4) if supported because band A(4)+band B(4) has different capability from band A(2)+Band B(4)+Band C(4).  
· For Alt3, it is simplest solution, but it may result in applying larger switching periods that what UE can do. Considering no TU is allocated in this WI, we can also accept alt 3 to close the discussion.
· In addition, it is expected that RAN2 also discusses the issue since RAN4 sent the LS in the last meeting. Therefore, to avoid any conflict between RAN2 and RAN4, RAN4 needs to pay close attention to the progress in RAN2.
Observation 1: To avoid any conflict between RAN2 and RAN4, RAN4 needs to take care about the progress in RAN2 during RAN4#109.
Proposal 1: Take Alt 2-1. Alt3 also can be acceptable.
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 based on the on-going RAN2 CR which is subject to further updates. The same contributions are submitted in AI for UE feature list according to Chairman’s guidance.
Proposal 2: RAN4#109 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 up to 4 bands in case of inter-band CA, 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 so on, 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
	[uplinkTxSwitching-DL-Interruption-r18 indicates that DL interruption on the band will occur during UL Tx switching, as specified in TS 38.133. UE is not allowed to set this field for the band combination of SUL band+TDD band, for which no DL interruption is allowed.
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. The capability is not applicable to the following band combinations, in which DL reception interruption is not allowed:

-
TDD+TDD CA with the same UL-DL pattern]
	38-1
	Yes
	
	
	[Per BC, details are up to RAN2]
	No need
	Applicable only to FR1
	
	
	Optional with capability signaling

	38.

NR_MC_enh
	38-3
	Switching Period for unaffected Band for Dual UL
	[SwitchingPeriodUnaffectedBandDualUL-r18 indicates 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, if switching period is located on X, during the switching period reported for the band pair of band X and band Y.

- 
maintainedUL-Trans-r18 indicates that if the switching period is located on band X, 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, 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 so on.

- 
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
	
	
	[Per BC, details are up to RAN2]
	No need
	Applicable only to FR1
	
	
	Optional with capability signaling

	38.

NR_MC_enh
	38-4
	Additional switching Period for Dual UL
	[Indicates the UL 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. 
-
bandPairIndex1-r18/bandPairIndex2-r18 xx refers to the xxth band pair entry in the band pair list indicated by ULTxSwitchingBandPair-r18.

-
bandIndex-r18 xx refers to the xxth band entry in this band combination.

-
switchingAdditionalPeriodDualUL-r18 indicateds the length of switching period for switching between one band pair indicated by bandPairIndex1-r18 and another band pair indicated by bandPairIndex2-r18 or another band indicated by bandIndex-r18.

-
n35us represents 35 us, n140us represents 140us, and so on, as specified in TS 38.101-1.

A UE supporting this feature shall also indicate the support of dualUL switching option for the band pair(s) indicated in bandPairIndex1-r18/bandPairIndex2-r18.]
	38-1
	Yes
	
	
	[Per BC, details are up to RAN2]
	No need
	Applicable only to FR1
	
	
	Optional with capability signaling

	38.

NR_MC_enh
	38-5
	[Switching band pair indication approach]
	[TBD]
	38-1
	Yes
	
	
	[Per BC, details are up to RAN2]
	No need
	Applicable only to FR1
	
	
	Optional with capability signaling


4 Conclusion

Here we summarize our proposals: 
Observation 1: To avoid any conflict between RAN2 and RAN4, RAN4 needs to take care about the progress in RAN2 during RAN4#109.

Proposal 1: Take Alt 2-1. Alt3 also can be acceptable.
Proposal 2: RAN4#109 discusses the following table as a baseline for the UE feature list for Rel-18 multi-carrier enhancements WI.
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