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Introduction
This email thread discusses the UE RF aspects for Rel-18 Multi-carrier enhancements WI, including the following topics:
· Topic #1: Tx switching across 3/4 bands with single TAG
· Topic #2: Tx switching with dual TAGs
Topic #1: Tx switching with single TAG
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315073
	Qualcomm Incorporated
	Title: About two ambiguities, fallback and with the case {1,1,0,0} to {0,0,1,1}
Proposal 2.1-1: this feature description is as follows:
Band order aware UE capability to reduce switching period for the switch between cases {1,1,0,0} to {0,0,1,1}. UE will declare whether if it can detect what is the order of the bands to be switched based on granted transmissions. UE will meet the switching time that is the maximum of the two switching periods for the two band pairs. 
Observation 2.1-1: The optimization described as issue 3 in [44] is an intermediate optimization and more aggressive optimization exists with the uplinkTxSwitching1T1Tto1T1T.
Observation 2.2-1: Why this issue is applicable only to swiching period?
Observation 2.2-2: Why RAN2 fallback rules do not apply for switchng period for this case. 
Observation 2.2-3: It is unclear what is the proposed solution from the proponent of this proposal.
Proposal 2.2-1: RAN2 fallback rules are followed. UE will meet the envelope all different parameters declared for the same band pair as part of the multiple higher order band combos

	R4-2315074
	Qualcomm Incorporated
	Title: Dual UL Scope in the WI


	R4-2315075
	Qualcomm Incorporated
	Title: Draft CR with dualUL for SUL


	R4-2315230

	Huawei, HiSilicon
	Title: Remaining issues on Rel-18 UL Tx switching enhancements
Observation 1: The clarification in section 5.5C in the agreed CR R4-2310270 is sufficient for the 1st and 2nd sub-bullet in the RANP conclusion.
Observation 2: Switching without switching gap for a band pair is not Rel-18 Tx switching.
Observation 3: Applying different PLLs to one specific band pair may result in various switching period for it.
Observation 4: In Rel-18, the UE capability of switching period is reported per band pair per band combination.
Observation 5: The UE does not report the support of one fallback band combination with the same capability of another band combination in the list of “candidate band combinations”.
Observation 6: A default switching period value or a default rule for the band pair with ambiguous switching period can be considered, such as, taking the band combination# with the longer value by default, 140us for the band pair A+B.
Observation 7: The potential default rule in Observation 6 would not take effect when the capability of 4-band combo reported and 3-band combo configured.
Observation 8: UE reporting the capability for the 3-band combo additionally cannot solve the ambiguity problem for the switching period in the band pair corresponding to two 4-band combos, instead, introducing one more capability to worsen the issue.
Observation 9: The switching period resulting from the baseline assumption max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} is related to four band pairs. The UE performs switching only in two band pairs and it is possible to have a shorter switching period than the baseline value.
Observation 10: If the UE is able to perform Tx switching with the band pairs that are corresponded to shorter switching period, the UE could utilize more resources to transmit uplink signal/channels compared to baseline.
Observation 11: Rel-18 Tx switching introduces optional/advanced UE capability based on UE implementation to get better performance.
Proposal 1: The clarification in section 5.5C in the agreed CR R4-2310270 is sufficient to the RANP conclusion, and no further revision for section 5.5C is required.
Proposal 2: A unified solution should be pursued to determine the switching period of one band pair, when the UE support more than one switching period for the band pair.
Proposal 3: Send LS concerning the ambiguity problem according to the issue#1 in R4-2314933 to confirm with RAN2.
Proposal 4: For the parallel switching of two Tx chain in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}, in addition to the baseline UE assumption agreed in RAN4 #105, introduce optional UE capability with the switching period min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}.
Proposal 5: Send LS to RAN2 concerning the issue based on the approved WF R4-2306660 and the LS R4-2314933.

	R4-2315231
	Huawei, HiSilicon
	Title: draftLS on Rel-18 Tx switching enhancement


	R4-2315546
	MediaTek Inc.

	Title: Draft CR for DL interruption note improvement


	R4-2315547
	MediaTek Inc.

	Title: Draft CR for resolving TX switching ambiguity issue for parallel switching of four-band Tx switching

	R4-2315548
	MediaTek Inc.

	Title: LS on Rel-18 UL Tx switching for parallel switching on four bands


	R4-2315785

	Ericsson

	Title: Time masks for 3-4 band Tx switching with transmission gaps
Proposal 1: include time masks for ‘simultaneous’ switching on two band pairs complete with transient time locations for the case when the network provides a transmission gap between the last symbol on any switch-from carrier and the first symbol on any switched-to carrier longer than the maximum of the switching periods indicated for the two band pairs.

	R4-2315786
	Ericsson

	Title: Time masks for switching across three or four uplink bands


	R4-2315836
	vivo

	Title: Remaining issue for unaffected band case of UL Tx switching
Observation 1: The “unaffected band case” would involve a maximum of three bands, and the relaxation of switching period would be applied no matter what the unaffected band is (per-band pair granularity).
Proposal 1: Revise the unaffected band case capability, to accommodate more implementations and also simply the capability signalling.
Observation 2: The granularity of this capability would be too coarse if kept unchanged as per pair per BC.
Proposal 2: Update the granularity of this new capability to be the same as what has been defined for allowing continuous transmission for unaffected band, i.e. per band per band pair per BC, the same to uplinkTxSwitchingMaintainedUL-Trans-r18.
Proposal 3: Behaviour without this capability does not need to be defined.

	R4-2316096

	Nokia, Nokia Shanghai Bell

	Title: Discussion on RAN agreement for UL Tx switching
Observation 1: The Alternative 2 CRs from RAN4#108 is aligned to the RAN agreement and updated WID.
Proposal 1: RAN4 shall endorse CRs aligned to the RAN agreement on UL Tx switching.

	R4-2316118
	China Telecom, Huawei, Hisilicon, CMCC, Xiaomi, China Unicom, vivo, CATT
	Title: Draft CR for 38.101-1: Time mask for switching across three or four uplink bands

	R4-2316331
	ZTE Corporation
	Title: Remaining issues for Tx switching
Observation 1. UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability cannot be reported simultaneously.
Proposal 1. In case the UE has different switching periods for different super band combination, the UE can report a separate band combination A+B+C with corresponding switching periods in UE capability.
Proposal 2. For the switching scenario without ambiguity, it is feasible to introduce advanced optional UE capability (per band per band pair per BC) to allow one Tx chain to start transmission earlier if the switching time for this Tx chain is shorter.
Proposal 3. The alternative 2 CR R4-2314909 can be used as baseline for the restriction clarification in TS38.101-1.

	R4-2316866

	NTT DOCOMO INC.
	Title: Remaining issues on Rel-18 Tx switching
Proposal 1: RAN4#108-bis should discuss a LS to RAN2 using R4-2314933 as a baseline and send a LS to RAN2 during the meeting. 
Proposal 2: RAN4 updates the CR R4-2310270 to clarify the restrictions on dual SUL scenario according to endorsed slides in WF RP-232658 in RAN#101.
Proposal 3: Update R4-2310270 to add the following text in section 5.5C in TS 38.101-1 to clarify the restrictions on dual SUL scenario according to endorsed slides in WF RP-232658 in RAN#101.
· For SUL band configuration with inter-band CA, band pair(s) of two non-SUL bands with switchedUL or dualUL by the parameter [uplinkTxSwitchingOption] is supported, and any other band pair(s) including SUL with switchedUL is supported, in this release of the specification.




Open issues summary
Sub-topic 1-1: LS R4-2314933 related
· [bookmark: _Hlk146749572]Background: 
In last meeting, LS R4-2314933 including three issues, was revised with many versions and finally marked as Noted due to the limited time and concerns from some companies. The three issues are recommended for priority and send a LS to RAN2 during the meeting. 
Issue 1-1-1: Length of switching period for the fallback band combinations
· [bookmark: _Hlk146749635]Background:  Approved Ad-hoc minutes R4-2314670 
· From RAN4 UE implementation perspective, when UE support the two Tx swiching 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 210us, A+C with period 35us
· In this case, RAN4 would like to ask RAN2 whether UE always report the periods for band combination A+B+C.
· If it is possible that UE does not additionally report the periods for band combination A+B+C, in RAN4 understanding, RAN4 ask RAN2 how the length of switching period for A+B and A+C are applied when the network configures band combination A+B+C for Tx switching.
· Proposals:
· Option 1: (HW)
From RAN4 UE implementation perspective, 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, RAN4 would like to check with RAN2 whether the existing signalling mechanism can determine the switching period for A+B and A+C when the UE is configured with band combination A+B+C. 
· Option 2: In case the UE has different switching periods for different super band combination, the UE can report a separate band combination A+B+C with corresponding switching periods in UE capability, which is straightforward and is compatible with RAN2 signalling.  (ZTE)
· Option 3: RAN2 fallback rules are followed. UE will meet the envelope all different parameters declared for the same band pair as part of the multiple higher order band combos  (Qualcomm)
· Why this issue is applicable only to swiching period?
· Why RAN2 fallback rules do not apply for switchng period for this case.
· It is unclear what is the proposed solution from the proponent of this proposal.

· Recommended WF:
· TBA
Issue 1-1-2: Three-band switching case
· Background:  
· R4-2312559 proposed that there are cases that have not been considered yet for some implementations that involve an unaffected band in a parallel way, and may achieve even better performance compared to no involvement.
· Proposals:
· Option 1: (vivo)
Note: The conclusion in this issue is to override the agreement for ‘The unaffected band case’ included in R4-2310495, LS to RAN2 in the last meeting. The changed part is to revise the [on-unaffected-band-involved]  definition so that a new value from the set {35 us, 140 us, 210 us} would be reported instead of a fixed relaxed value. 
When the bands scheduled for uplink transmission before Tx switching is band A and band C, and the bands scheduled for uplink transmission after Tx switching is band B and band C. 
An optional capability is agreed to independently report switching period for the case  that the unaffected band is involved in the switching process. 
· The granularity is per band pair (A, B), including the switch-from band and the switch-to band, per band combination per band C for each pair of bands (A, B), including the switch-from band and the switch-to band, in each band combination. i.e. the same to uplinkTxSwitchingMaintainedUL-Trans-r18.
· The UE is not required to transmit on any of the three bands during the switching period.
· Candidate values are {35u, 140us, 210us}, no other values to be added.
· When this capability is not reported, the switch period capability switchingPeriodFor1T-r18 for band pair (A, B) apply

· Recommended WF:
· Option 1 agreed or revised?
Issue 1-1-3: Four-band switching case
· Background:  Approved WF R4-2310496 
· RAN4 to agree on the band ordering based approach to resolve the ambiguity issue for the parallel switching of two Tx chain in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}:
· Associating the ordering of bands for defining switch-from and switch-to pairs in switching configuration commands may resolve the ambiguity issue without additional cost.
· Introduce new per Tx chain-based Tx switching capability 
· Introduce optional UE capability on supporting the band ordering based approach to resolve ambiguity issue
· Supporting the capability means the switching period is improved to min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}
· Proposals:
· [bookmark: _Hlk146776181]Option 1: (MTK, HW)
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 related to band scheduled ordering based approach to distinguish the case-1 and case-2:
· Associating the scheduled ordering of bands for defining switch-from and switch-to pairs in switching configuration commands.
· Introduce new Tx chain-based Tx switching mechanism including reporting the preferred switched case by UE, and configuring the switched case by network among case-1 and case-2.
· Supporting the advanced capability of the switching period improved to min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)} .
This capability cannot be reported simultaneously with the [ uplinkTxSwitching1T1Tto1T1T].
The band ordering based approach is illustrated in the attachment[R4-2314900] in more details.
· Option 2: this feature description is as follows (Qualcomm)
Band order aware UE capability to reduce switching period for the switch between cases {1,1,0,0} to {0,0,1,1}. UE will declare whether if it can detect what is the order of the bands to be switched based on granted transmissions. UE will meet the switching time that is the maximum of the two switching periods for the two band pairs. 
The optimization described as issue 3 in LS R4-2314933 is an intermediate optimization and more aggressive optimization exists with the uplinkTxSwitching1T1Tto1T1T.
· Recommended WF:
· Option 1 agreed or revised?
Issue 1-1-4: Advanced optional UE ability
Proposal:
· Option 1: For the switching scenario without ambiguity, it is feasible to introduce advanced optional UE capability (per band per band pair per BC) to allow one Tx chain to start transmission earlier if the switching time for this Tx chain is shorter.  (ZTE)
Recommended WF:
· TBA

Sub-topic 1-2: RANP conclusion related
· Background: Offline agreed WF RP-232658 in RAN #101
· The scenario {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} is supported in Rel-18 UL Tx switching framework with following restrictions.
· For the band pair between {NUL and NUL}, “switched UL” or “dual UL” can be reported/configured.
· For any other band pair including SUL (between {SUL and another SUL}, between {SUL and corresponding NUL}, and between {SUL and non-corresponding NUL}), only “switched UL” can be reported/configured in Rel-18.
· Back-to-back transmission (i.e., switching without having switching gap) between {SUL and another SUL} and between {SUL and non-corresponding NUL} are not supported in Rel-18.
· Note: this does not prevent a study and normative work to support simultaneous transmission between {SUL and another SUL} and/or between {SUL and non-corresponding NUL} as well as back-to-back transmissions between {SUL and another SUL} and/or between {SUL and non-corresponding NUL} in future release
· The same restrictions are applied to the scenarios {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s).
· For band pairs between {SUL and non-corresponding NUL} in this scenario, only “switched UL” can be reported/configured in Rel-18
· Back-to-back transmission (i.e., switching without having switching gap) between {SUL and non-corresponding NUL} in this scenario is not supported in Rel-18
· Note: this does not preclude a possible support based on other UE architecture than Rel-18 UL Tx switching
· Clarify the restrictions above at least in TS38.101-1 e.g., section 5.5C “Configurations for SUL”
·     Note: TS38.214 may not need to capture the restrictions, and whether/how to capture restrictions in TS38.331/306 can be discussed in Q4 RAN2
Issue 1-2-1: Clarify the restrictions
· Proposals:
· Option 1: The clarification in section 5.5C in the agreed CR R4-2310270 is sufficient to the RANP conclusion, and no further revision for section 5.5C is required. (HW)
· Option 2: The limitation of the dualUL applicability with SUL should be written with the adopted practice of using release agnostic language such as “for present release of specifications…”. (Qualcomm)
· Option 3: Update R4-2310270 to add the following text in section 5.5C in TS 38.101-1 to clarify the restrictions on dual SUL scenario. (NTT DOCOMO)
· For SUL band configuration with inter-band CA, band pair(s) of two non-SUL bands with switchedUL or dualUL by the parameter [uplinkTxSwitchingOption] is supported, and any other band pair(s) including SUL with switchedUL is supported, in this release of the specification.
· Recommended WF:
· TBA

Issue 1-2-2: Feature CR
	R4-2316118

	China Telecom, Huawei, Hisilicon, CMCC, Xiaomi, China Unicom, vivo, CATT
	Title: Draft CR for 38.101-1: Time mask for switching across three or four uplink bands
Summary of change:	
Introduce the Rel-18 time mask requirements for switching across three or four uplink bands.
Re-submission of the CR agreed in R4-2310270 at RAN4 #107, with the additional updates on the UE capability and RRC signalling names according to the RAN2 CRs endorsed in R2-2306911/2/3.

	R4-2315075
	Qualcomm
	Title: draft CR with dualUL for SUL
Summary of change:	
DualUL requirements are captured.  


· Proposals:
· Option 1: R4-2316118 (China Telecom, Huawei, Hisilicon, CMCC, Xiaomi, China Unicom, vivo, CATT)
· Option 2: R4-2315075 (Qualcomm, Nokia)
· Recommended WF:
· TBA

Sub-topic 1-3: Time mask
Issue 1-3-1: Time masks for 3-4 band Tx switching with transmission gaps
· Background: 
the definition of “simultaneous” switching on two band pairs is not clear cut; the network can only schedule transmissions starting at time instants T0 on switched-to carriers with due preparation time or configure transmissions with configured starting times but not force the UE to switch at a particular instant on the two pairs, only assume switching occurs sometimes within a long-enough transmission gap.
· Proposals:
· Option 1: include time masks for ‘simultaneous’ switching on two band pairs complete with transient time locations for the case when the network provides a transmission gap between the last symbol on any switch-from carrier and the first symbol on any switched-to carrier longer than the maximum of the switching periods indicated for the two band pairs. (Ericsson)
· Recommended WF:
· TBA

Sub-topic 1-4: CRs
Issue 1-4-1: MTK CR R4-2315546
	R4-2315546
	MediaTek Inc.

	Title: Draft CR for DL interruption note improvement
Summary of change: Clarify “no DL interruption only applies to Tx switching across 2 UL bands” in note 4 in Table 5.2A.2.2-1
[image: ]


· Recommended WF:
· TBA

Issue 1-4-2: MTK CR R4-2315547
	R4-2315547
	MediaTek Inc.

	Title: Draft CR for resolving TX switching ambiguity issue for parallel switching of four-band Tx switching
Summary of change:	
a.	Introduce optional UE capability [BandOrdering1T1Tto1T1T] to indicate the support of the band ordering based approach
b.	Introduce per Tx chain-based Tx switching capability [preferredBandPairsTxChain] to indicate the UE’s preferred switching band pairs for each Tx chain
[image: ]


· Recommended WF:
· TBA
Issue 1-4-3: Ericsson R4-2315786
	R4-2315786
	Ericsson

	Title: Time masks for switching across three or four uplink bands
Summary of change:
Time masks are introduced for ‘simultaneous’ switching on two band pairs for the case when the network provides a transmission gap between the last symbol on any switch-from carrier and the first symbol on any switched-to carrier longer than the maximum of the switching periods indicated for the two band pairs. 
For the above switching case involving more than two bands, it is assumed that the UE supports uplinkTxSwitchingMinimumSeparationTime-r18 of 0 µs, that is, ‘simultaneous’ switching across band pairs is supported and assuming that the time separation of the T0 on the switched-to carriers is less than a reference µUL.    
Clause 6.3A.3.3.6: the locations of the transient periods are defined for the case above with Band X, Band Y and Band Z involved in the switching.
Clause 6.3C.3.5: the corresponding case for SUL.
The changes are shown in grey highlight and are on top of the changes proposed in the company CR in RP-232641 postponed by RAN#101 


· Recommended WF: 
· TBA
Sub-topic 1-5: LSs
	R4-2315231
	Huawei, HiSilicon
	Title: draftLS on Rel-18 Tx switching enhancement


	R4-2315548
	MediaTek Inc.

	Title: LS on Rel-18 UL Tx switching for parallel switching on four bands


	R4-2315836
	vivo

	Title: Remaining issue for unaffected band case of UL Tx switching
a slightly revised draft LS was also attached in the Annex 


· Recommended WF: 
· TBA
Topic #2: Tx switching with dual TAGs
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2316793
	Apple
	Title: Views on Release 18 Tx switching capabilities
Proposal: The UL TX switching switching with dual-TAG should be a Release 18 only feature and should not  be a release-independent feature if the UE physical layer is impacted. 


	R4-2316792
	Apple
	[draft] LS on Rel-18 Tx switching enhancement with dual-TAG



Open issues summary
Sub-topic 2-1: Release
Issue 2-1-1: Release related
· Proposals:
· Option 1: The UL TX switching switching with dual-TAG should be a Release 18 only feature and should not be a release-independent feature if the UE physical layer is impacted. (Apple)
· Recommended WF:
· TBA

Sub-topic 2-2: LS
Issue 2-2-1: LS
	R4-2316792
	Apple
	[draft] LS on Rel-18 Tx switching enhancement with dual-TAG
Impact of Release 18 UL TX switching with dual-TAG on UE physical layer: Based on the above changes, RAN4 informs RAN1 that for Tx switching with dual-TAG, the UE is allowed to blank additional symbols to accommodate the timing advance difference and is not expected to be scheduled for transmission during the time gap (switching period + TA timing difference).
Question: RAN4 respectfully asks RAN1, by taking the above impact into account, what UE behavior for UL Tx switching with dual-TAG needs to be updated in RAN1 specifications accordingly?



· Recommended WF: 
· TBA
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