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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 multiple TAGs
Topic #1: Tx switching across 3/4 bands with single TAG
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218403
	China Telecom
	Title: UL Tx switching across 3/4 bands with single TAG
In this contribution, we had the following observations and proposals for Tx switching across 3 and 4 bands with single TAG:
For switching period for Tx switching across 3/4 bands:
Proposal 1: For the exact value of Tx switching period for each band pair, we support option 1, and can accept option 3 to move forward.

For the impact from switching of one Tx chain on the other Tx chain:
Proposal 2: For the impact on the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged during UL switching (i.e., option 1). The optional UE capability can be signaled per band per band pair per BC.
Proposal 3: For the case with two Tx chains switched between two different band pairs, advanced optional UE ability should be considered.

For RAN4 RF requirements:
Proposal 4: For the common switching requirements for “switched UL” and “dual UL” cases, define the time mask requirements per band pair per band combination, and the switching requirements should be satisfied for all band pairs capable of Tx switching in a band combination.
Proposal 5: For “dual UL”, define additional switching time mask requirements to cover the cases with two Tx chains switched between two different band pairs, i.e.,
· For Tx switching across 3 bands or Tx switching across 4 bands with concurrent UL transmission supported on only one band pair, the two Tx chains are in band A before switching, and are in band B and C respectively after switching.
· For Tx switching across 4 bands with concurrent UL transmission supported on at least two band pairs, the two Tx chains are in band A and B respectively before switching, and are in band C and D respectively after switching.

For the applicability of DL interruption
Proposal 6: For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, no DL interruption on the SUL and TDD bands is required.

	R4-2218627
	CMCC
	Title: UL Tx switching for single TAG
Proposal 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
Proposal 2: Introduce optional UE capability on supporting transmission on the band with the number of Tx chain unchanged during UL switching.
Proposal 3: For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, whether or not DL interruption on the SUL and TDD bands is required.

	R4-2218855
	vivo
	Title: Further discussion on UE RF requirements for TxSwitching up to 3 or 4 bands
In this paper, continue discussion was done for Tx Switching up to 3 or 4 bands for single TAG case.
Observation 1: Mandate unified switching period requirements between different releases for a certain pair may helpful for unified performance and simpler spec, but at the price of more implementation restriction or reduced use case for Tx Switching.
Observation 2: Define optional features to allow other Tx chain or band pair to be able to used for transmission during the switching period of other band pairs might bring many complexities.
Observation 3: It is common understanding that the configuration of “switchedUL” means that there would be no simultaneous transmission in the two bands that involves Tx Switching.
Observation 4: Current RAN4 requirements are based on switchedUL and not fully consider dualUL support, especially for the two points:
· Requirements pictures have no case for simultaneous transmission in two bands
· Emphasize for 2 antenna connector/2-layer support cannot be used in case of simultaneous transmission in two bands
Observation 5: Issues need to be addressed in the clarification:
· The requirements in case of simultaneous transmission in two bands need to be specified / clarified and inline with the behavior defined in 38.214
· 1 antenna connector/ 1-layer for simultaneous transmission need to be mandated
· Unified wording between different test cases is preferred, e.g. band is more preferred than carrier
· The additional clarification should be easy to be extended to Rel-18

Proposal 1: Slightly prefer that different values can be reported for its flexibility, but can also consider other compromises for spec/performance simplicity.
Proposal 2: Prefer not to bring the optional UE capability for Tx chain / band pair to be used for transmission during the switching period of other band pairs. 
Proposal 3: The following clarification note is proposed for all the switching cases for 38.101-1 and also a starting point for 38.101-3.
“For the UE configured with uplinkTxSwitchingOption set to 'dualUL', in case there are simultaneous transmissions in two bands in a slot/subslot, there is only one antenna port in each band and the switching period requirements in the two bands are the same in the respective slot/subslot.”

A set of CRs were submitted in the maintenance agenda.


	R4-2218928
	MediaTek Inc.
	Title: Continue discussion on R18 Tx switching – Single TAG
Observation 1: For same UE which is R18 UE, it is ok to report same switching period when it is under R16/R17 network
Observation 2: For different UE, RAN4 shall not put restriction on Tx switching period between different UE since the capability is implementation dependent
Observation 3: Tx switching period is reported by UE capability signaling that is UE implementation dependent. We don’t see how can a R18 UE report same switching period as R16/R17 UE. We also don’t think switching period shall be same between different UE
Proposal 1: RAN4 shall not put restriction on Tx switching period that is UE implementation dependent
Observation 4: Only when there’s no harmonic frequency or close proximity relationship between the Tx chain unchanged due to switching and Tx chain of switched band pair and no any shared hardware resource, UL transmission on the band with the number of Tx chain unchanged is possible during UL switching.
Proposal 2: DL interruption shall be allowed when switching band pairs includes FDD band. R16/R17 approach can be re-used for R18 UE.
· when there’s FDD band involved, there must be simultaneous Rx/Tx operation.

	R4-2219209
	ZTE Corporation
	Title: Further discussion on Tx switching across 3 or 4 bands for single TAG
Proposal 1: Option 1 is our preference. , i.e.
Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
Proposal 2: Introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
Proposal 3: For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, one of following options can be considered.
· Option 1: Resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1, e.g., by RRC configuration or predefined rule. In this case, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods associated with the switching pattern.
· Option 2: No need to resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1 and determine the switching gap based on the worst case, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
· Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C is the switching period reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.

	R4-2219265
	Xiaomi
	Title: Discussion on UL Tx switching with single TAG
Proposal 1: The length of switching period specified in Rel-16/17 can be reused for each band pair in Rel-18.
Proposal 2: 
· RAN4 to not define optional UE capability to allow the other Tx chain to be used for transmission on the band with the number of Tx chain unchanged during the switching period.
· RAN4 to not define optional UE capability to allow the other Tx chain to be used for transmission during the larger one of the two switching periods.
Observation: The switching time mask requirement specified in Rel-16/17 is applied per band pair for each band combination.
Proposal 3: The switching time mask requirements specified in Rel-16/17 can be reused for Rel-18 including switchedUL and dualUL case. 

	R4-2219408
	Huawei, HiSilicon
	Title: Discussion on Multi-carrier enhancements with single TAG
Observation 1: The band pair that supports Rel-18 switching among 3/4 bands should support 2Tx-2Tx and 1Tx-2Tx switching as well.
Observation 2: For Tx switching among 3 bands, the same switching period for each band pair as UE reported in Rel-16/17 can be reused considering the UE architectures.
Observation 3: For each band pair, Tx switching mechanism could be covered by the switching period defined for 1Tx-2Tx and 2Tx-2Tx between the two bands. 
Observation 4: For Rel-18 Tx switching with two band pairs involved, the two switching periods corresponding to the two band pairs can be reported separately reusing the same value as Rel-16/17.

Proposal 1: For a band pair within the band combination that support Rel-18 Tx switching among 3/4 bands, the band pair should also support Rel-16/17 switching.
Proposal 2: Reuse the same switching period for each band pair as UE reported in Rel-16/17.
Proposal 3: A clarification is needed for the way forward of two Tx chains switching between two different band pairs with different lengths of switching periods:
Alt.1:‘two Tx chains are switched between two different band pairs with different lengths of switching periods’ refer to the switching period related to the corresponding band pair respectively 
Alt.2: ‘two Tx chains are switched between two different band pairs with different lengths of switching periods’ refer to the switching period related to Rel-17 and Rel-18 respectively for the same band combination with the two bands.
Proposal 4: The RAN4 RF requirement for Option 2 Dual UL should be for further study.
Proposal 5: For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, DL interruption on the SUL and TDD bands is not required.

	R4-2219590
	OPPO
	Title: R18 Discussion on Tx switching with single TAG
Observation 1:   For the same band pair, if hardware setting is same between Rel-16/17 and Rel-18 then same switching period will be expected, otherwise, different switch period is possible.

Observation 2:   It has been agreed that for same band pair, the Rel-17 switch period can be different from Rel-16.

Observation 3:   When band C is far from the other two candidate bands A and B, there is possibility that band C will be allocated with a dedicated PLL to reduce the PLL settling time from A/B to C, which makes the other two bands share same PLL. This is different from Rel-16/17 where bands A and B will be allocated with separate PLLs.

Observation 4:   Whether same or different values that UE will report can left to UE implementation, there is no harm to keep the flexibility. If mandatory same value, UE may lose the possible enhancements in the final design.

Observation 5:   The switch time capability is per band pair reported, there is no switch time difference between switchedUL and dualUL.

Proposal 1:         Propose to allow UE report different switching period for the same band pair in Rel-18 comparing to Rel-16/17 within the set of switching periods already defined, i.e. {35us, 140us, 210us}.

Observation 6:   It is unclear whether the optional feature includes the case of switching between two bands or only for the case of switching between three bands with one band the Tx chain is unchanged.

Proposal 2:         Propose to clarify which of the following two cases is intended for the optional feature to allow the other Tx chain to be used for transmission
· Case 1: The switching is between band A and B, one of Tx chain is switched between band A and B, the other Tx chain keep unchanged with band B. The optional feature is for band B can still transmit with 1Tx chain during switch.
· Case 2: The switching is between band A+B and band C+B, one of Tx chain is switched between band A and C, the other Tx chain keep unchanged with band B. The optional feature is for band B can still transmit with 1Tx chain during switch.

Observation 7:   Case 1 is covered by Rel-16/17, and connecting LO to one Tx chain will have impact to the other Tx chain though LO frequency is unchanged.

Proposal 3:         Propose to preclude Case 1, i.e. in Rel-18 the Optional Tx chain keep transmitting feature is not considered for two band case.

Observation 8:   There is chance for some band combinations to achieve continue transmission on band B during the switch from band A to band C on the other Tx chain. And it is up to UE implementation which band combinations can achieve that.

Proposal 4:         If introduce case 2, i.e. band B Tx chain keep transmitting during the other Tx chain is switching from band A to band C, the capability should be per band per band pair per band combination at least. And it is up to UE implementation which band combination can support this optional feature.

	R4-2219876
	Qualcomm Incorporated
	Title: UE behaviour in case non-equal switching time
Proposal 1: In a 3 or 4 band TX switching configuration, and individual pair is considered its own pair; same band can be part of multiple band pairs
Observation 1: In 4-band tx switching configuration, there are six unique band pairs and therefore UE may be configured for six TX switching periods for one 4-band tx switching configuration.   
Observation 2: Switching periods for different band pairs can be mis-aligned in time also for single TAG case
Proposal 2: UE requirements are written assuming known network behaviour i.e.not using  “UE is not expected to ..” language.
Proposal 3: Language to be used for specifying UE behaviour for concurrent switching periods of different lengths:
“UE shall be capable of starting transmission after the end of switching periods on all bands that are configured for uplink in tx switching. Transient periods are not included in the switching periods.” 

	R4-2220018
	NTT DOCOMO INC.
	Title: Views on Tx switching across 3 and 4 bands
Proposal 1: Introduce optional capability to support advanced UE feature:
· To allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· To allow UL transmission on the band with smaller switching period once Tx switching involving the band is completed when two Tx chains are switched between two different band pairs with different lengths of switching periods.
Proposal 2: Optional capability for advanced UE feature should be per band pair per band combination. 
Proposal 3: RAN4 clarify applicability of DL interruption when different band pairs have different capability of DL interruption and Tx switching is performed for both band pairs simultaneously.



The moderator can suggest a limited number of papers which could be presented.
Moderator: It is recommended to discuss the open issues in section 1.2 directly.
Open issues summary
[bookmark: _Toc79478141]Sub-topic 1-1: Exact value of switching period for Tx switching across 3/4 bands
Background:
RAN4 Agreements captured in the reply LS R4-2214464 (RAN4 #104e):
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.
RAN4 Agreements captured in the WF R4-2217740 (RAN4 #104e-bis):
For the exact value of Tx switching period for each band pair, further discuss the following options:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and option 2 for dualUL

· Proposals
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18. (China Telecom, CMCC, ZTE, Xiaomi, HW)
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· HW: For a band pair within the band combination that support Rel-18 Tx switching among 3/4 bands, the band pair should also support Rel-16/17 switching.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. (vivo - slightly prefer, OPPO)
· Option 3: Option 1 for switchedUL, and option 2 for dualUL (China Telecom - acceptable)
· Option 4: Tx switching period is reported by UE capability signaling that is UE implementation dependent. (MTK)
· For same UE which is R18 UE, it is ok to report same switching period when it is under R16/R17 network
· For different UE, RAN4 shall not put restriction on Tx switching period between different UE since the capability is implementation dependent
· Recommended WF
· It seems Option 4 does not conflict with Option 1, and both allow different UEs to report different values for the same band pair in a Rel-18 band combination.
· Option 1 is supported by majority companies, and it is recommended to go with option 1.

Sub-topic 1-2: Impact from switching of one Tx chain on the other Tx chain
Issue 1-2-1: Impact on the band with the number of Tx chain unchanged due to switching
Background:
RAN4 Agreements captured in the reply LS R4-2214464 (RAN4 #104e):
RAN1 Question:
RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
RAN4 Answer: 
RAN4 has discussed the UE assumption/behavior considering two cases:
· Case 1: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on either band A or band B.
For Case 1, RAN4 agreed that neither of Tx chains is expected to be used for transmission during the switching period. 
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”).
For Case 2, RAN4 agreed that, as baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period. 
RAN4 Agreements captured in the WF R4-2217740 (RAN4 #104e-bis):
· For the impact on the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, further discuss the two options in the next meeting:
· Option 1: Introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· Potential proposals on the granularity of the optional UE capability can also be discussed.
· Option 2: Do not define other optional features to allow the other Tx chain to be used for transmission on the band with the number of Tx chain unchanged during the switching period.

· Proposals: For the impact on the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e
· Option 1: Introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching. (China Telecom, CMCC, [MTK], ZTE, [OPPO], NTT DCM)
· Comments on option 1: 
· MTK: Only when there’s no harmonic frequency or close proximity relationship between the Tx chain unchanged due to switching and Tx chain of switched band pair and no any shared hardware resource, UL transmission on the band with the number of Tx chain unchanged is possible during UL switching.
· OPPO: Propose to preclude Case 1 for the option 1
Case 1: The switching is between band A and B, one of Tx chain is switched between band A and B, the other Tx chain keep unchanged with band B. 
· Granularity of the optional UE capability:
· Option 1a: per band pair per BC (NTT DCM)
· Option 1b: per band per band pair per BC (China Telecom, OPPO)
· Option 2: Do not introduce the optional feature to allow the other Tx chain to be used for transmission on the band with the number of Tx chain unchanged during the switching period. (vivo, Xiaomi)
· Recommended WF
· In moderator’s understanding, the case 1 mentioned by OPPO is already precluded according to the RAN4 #104e agreement listed above.
· Option 1 is supported by majority companies, and it is recommended to go with option 1 and discuss the granularity in option 1a and 1b.

Issue 1-2-2: Issue of two Tx chains switched between two different band pairs
Background:
RAN4 Agreements captured in the WF R4-2217740 (RAN4 #104e-bis):
· When two Tx chains are switched between two different band pairs with different lengths of switching periods, as baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods.
· Whether advanced optional UE ability will be considered is related to the discussion in Issue 1-2. 

· Proposals: When two Tx chains are switched between two different band pairs with different lengths of switching periods:
· Option 1: Introduce advanced optional UE ability to allow one Tx chain to be used for transmission during the delta of the two switching periods. (China Telecom, NTT DCM)
· Granularity of the optional UE capability: 
· Option 1a: per band pair per BC (NTT DCM)
· Option 2: Do not introduce the advanced optional UE ability. (vivo, Xiaomi)
· Clarification on the issue:
· HW: A clarification is needed for the way forward of two Tx chains switching between two different band pairs with different lengths of switching periods:
· Alt.1:‘two Tx chains are switched between two different band pairs with different lengths of switching periods’ refer to the switching period related to the corresponding band pair respectively 
· Alt.2: ‘two Tx chains are switched between two different band pairs with different lengths of switching periods’ refer to the switching period related to Rel-17 and Rel-18 respectively for the same band combination with the two bands.
· Recommended WF
· Further discuss the two options.
· For the clarification question from HW, in moderator’s view, Alt. 1 is the correct understanding. For Alt. 2, whether the same or different values are reported for Rel-17 and Rel-18 is being discussed in Sub-topic 1-1.

Issue 1-2-3: Ambiguity issue when two Tx chains are switched between two different band pairs
· Proposal:
· For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, one of following options can be considered. (ZTE)
· Option 1: Resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1, e.g., by RRC configuration or predefined rule. In this case, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods associated with the switching pattern.
· Option 2: No need to resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1 and determine the switching gap based on the worst case, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
· Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C is the switching period reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.
· Recommended WF
· Further discuss the two options.

Sub-topic 1-3: RAN4 RF requirements
Background:
· RAN4 Agreements captured in the reply LS R4-2214464 (RAN4 #104e):
· For concurrent UL transmission on 2 bands:
For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands at least requires UL CA support on the corresponding band pair(s) by the UE.
· Agreements captured in the WF R4-2214463 (RAN4 #104e):
· No need to define RF requirements for UL CA with UL simultaneous transmission on 3 and 4 bands in the WI. 
· For the next meeting, encourage analysis/identification of the RAN4 RF requirements needed for this WI.
· RAN4 Agreements captured in the WF R4-2217740 (RAN4 #104e-bis):
· Following Rel-16/17 approach, common switching time mask requirements for “switched UL” case and “dual UL” case are to be defined.
· Further discuss whether to define additional requirements for CA option 2, by considering the switching cases to be introduced in RAN1.

Issue 1-3-1: Common requirements for “switched UL” and “dual UL” cases
· Proposals: 
· Option 1: Define the time mask requirements per band pair per band combination, and the switching requirements should be satisfied for all band pairs capable of Tx switching in a band combination. (China Telecom, Xiaomi)
· Recommended WF
· Agree option 1?

Issue 1-3-2: Clarification on the common requirements for “switched UL” and “dual UL” cases
· Proposals: 
· Option 1: The following clarification note is proposed for all the switching cases for 38.101-1 and also a starting point for 38.101-3. (vivo)
·  “For the UE configured with uplinkTxSwitchingOption set to 'dualUL', in case there are simultaneous transmissions in two bands in a slot/subslot, there is only one antenna port in each band and the switching period requirements in the two bands are the same in the respective slot/subslot.”
· Note: Since this is a legacy issue starting from Rel-16, a set of CRs were submitted in the maintenance agenda as in R4-2218881/2/3/4.
· Recommended WF
· Encourage feedback on option 1.

Issue 1-3-3: Additional requirements for “dual UL” cases
· Proposals: 
· Option 1: For “dual UL”, define additional switching time mask requirements to cover the cases with two Tx chains switched between two different band pairs, i.e., (China Telecom)
· For Tx switching across 3 bands or Tx switching across 4 bands with concurrent UL transmission supported on only one band pair, the two Tx chains are in band A before switching, and are in band B and C respectively after switching.
· For Tx switching across 4 bands with concurrent UL transmission supported on at least two band pairs, the two Tx chains are in band A and B respectively before switching, and are in band C and D respectively after switching.
· Option 2: RF requirement for Option 2 Dual UL should be for further study. (HW)
· Recommended WF
· Encourage feedback on the two options.

Issue 1-3-4: CR language
· Proposals: 
· Option 1 (QC):
· UE requirements are written assuming known network behaviour i.e., not using  “UE is not expected to ..” language.
· Language to be used for specifying UE behaviour for concurrent switching periods of different lengths:
“UE shall be capable of starting transmission after the end of switching periods on all bands that are configured for uplink in tx switching. Transient periods are not included in the switching periods.” 
· Recommended WF
· Encourage feedback.

Sub-topic 1-4: Applicability of DL interruption
Background:
RAN4 Agreements captured in the WF R4-2217740 (RAN4 #104e-bis):
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.
Further discuss in the next meeting:
· For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, whether or not DL interruption on the SUL and TDD bands is required.
Issue 1-4-1: DL interruption for SUL+TDD+FDD combinations
· Proposals: For SUL+TDD+FDD combinations, when Tx switching is performed between SUL and TDD bands
· Option 1: No DL interruption on the SUL and TDD bands is required. (China Telecom, CMCC, HW)
· Option 2: DL interruption shall be allowed when switching band pairs includes FDD band. (MTK)
· MTK: when there’s FDD band involved, there must be simultaneous Rx/Tx operation.
· Recommended WF
· Further discuss the two issues above.

Issue 1-4-2: Issues of different band pairs having different capabilities of DL interruption
· Proposal:
· RAN4 clarify applicability of DL interruption when different band pairs have different capability of DL interruption and Tx switching is performed for both band pairs simultaneously. (DCM)
· Recommended WF
· Encourage feedback.

Topic #2: Tx switching with multiple TAGs
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218404
	China Telecom
	Title: UL Tx switching with two TAGs
Proposal 1: For the band(s) within a different TAG, consider the following factors for deriving the UL outage time:
· Maximum propagation delay difference of 3.33us under the assumption of 1000m ISD.
· Maximum timing and measurement error of 4.82us.
Proposal 2: Technical discussion on the value of UL outage time can be taken in RF & RRM session. The specification change for UL outage time with 2-TAG case will still be reflected in the RF specification but not in the RRM specification. 

	R4-2218628
	CMCC
	Title: UL Tx switching with multiple TAGs
Proposal 1: For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers.
Proposal 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction as proposed in proposal 1.
Proposal 3: Do not define any exact UL outage time in TS38.133, but to capture the impact of Tx switching with multiple TAGs in TS38.101 as proposed in proposal 1.

	R4-2218826
	Ericsson, Sony
	Title: Time masks and switching time location for uplink TX switching with dual-TAG
For switching across two bands with dual-TAG we propose that
Proposal 1: for both single TAG and dual TAG, the switching period always precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission as specified in 38.214. The dual TAG case must be consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2.
but
Proposal 2: there is no need to specify the outage time for the dual TAG case
We then observe that 
Observation 1: DL interruption occurs when the switching occurs. For each TAG, the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling. The DL interruption on any one carrier for dual TAG cannot be longer than in the single TAG case.
Time masks must specified such that the UE functionality can be properly tested with uplink slot timing difference
Proposal 3: modify the existing time masks such that Tx switching with uplink slot timing difference between carriers is verified when symbols containing the switching period preceding the time T0 are not scheduled by the test system on either carrier to avoid UE malfunction in the field. The approach used for Rel-17 V2X with no TA difference is not sufficient.
The CR text should be based on the 38.214 that “the UE is not expected to transmit for the duration of  on any of the two carriers”. This can be captured by
Proposal 4: the time mask specification is based on that “the not expected to be scheduled or configured to transmit on during OFDM symbols containing the switching period” preceding the time T0 starting at a symbol boundary. 

	R4-2218827
	Ericsson
	Title: Introduction of ON/OFF time mask for TX switching across two bands with dual-TAG (38.101-1 CR)

	R4-2218929
	MediaTek Inc.
	Title: Continue discussion on R18 Tx switching for multi-TAG
· FFS bullet in RAN4#104-bis-e:
· Proposal 1: UE requirements are written in such way that network defines UE behaviour. (QC)
· Proposal 2: Reuse the existing wording in TS 38.214, and agree the following bullet (China Telecom)
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.
· Proposal 3: When multi-TAG UL Tx switching is configured to UE the precondition should be NW will take the TA differences into account in the UL transmission scheduling. (OPPO)
· Proposal 4: For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers. (HW)
Proposal 1: P2 in the FFS bullet is agreeable as Tx switching baseline and details specification is etter to be discussed in RRM session. No need further discuss P3 in FFS bullet since it has been agreed by RAN4. And P4 in FFS bullet shall be discussed in RRM session.
Regarding WF RAN4 CR text:
Proposal 2: RAN4 adopt option 2: apply same approach as in R17 V2X that the time mask only contains the UE hardware requirement (switching period), and no TA difference included. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction

	R4-2219210
	ZTE Corporation
	Title: Further discussion on Tx switching across 3 or 4 bands for multiple TAG
Proposal 1: Reuse the existing wording in TS 38.214, and agree the following bullet:
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.
Proposal 2: Considering several factors are related to RRM, it is proposed to discuss the UL outage time in RRM section.
Proposal 3: Clarifications on the multi-TAG scenario are needed for UL transmission on a carrier without corresponding DL carrier. RAN4’s CR should reflect all the possible multi-TAG scenarios.

	R4-2219266
	Xiaomi
	Title: Discussion on UL Tx switching with multiple TAG
Proposal 1: To apply the same approach as in Rel-17 V2X intra-band con-current operation, i.e., no TA difference included. The switching time mask specified in 38.101-1 can be applied for both single TAG case and multiple TAG case.
Proposal 2: To reuse the Rel-16/17 approach to determine the location of switching period for multiple TAG.

	R4-2219409
	Huawei, HiSilicon
	Title: Discussion on Multi-carrier enhancements with multiple TAG
Observation 1: From the perspective of the RAN4 specification, the wordings of ‘the UE is not expected to transmit/receive …’ reflect the network scheduling restriction, instead of the UE behavior.
Proposal 1：The principle of intra-band V2X con-current operation time mask with TA difference between NR Uu and NR SL slot can be followed by UL Tx switching with multiple TAGs.
Proposal 2：The impact of Tx switching with multiple TAG can be considered as scheduling restriction in RAN4 specification. There is no impact on RAN1 specification is foreseen from RF perspective.
Proposal 3：For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers.
Proposal 4: The “UL outage time” discussion should be moved to RRM session

	R4-2219410
	Huawei, HiSilicon
	Title: Draft CR for 38.101-1 to clarify the time mask for switching with multiple TAGs

	R4-2219589
	OPPO
	Title: R18 Discussion on Tx switching with multi TAG
Observation 1:   It is aligned that UE is not expected to transmit on OFDM symbols that overlaps with the switching period, difference is whether this to be captured as time mask or general description.

Observation 2:   Specify time mask in the spec has the benefit of clarity but also complexity to update many figures. While, general statement can avoid the complexity if with proper description.

Observation 3:   It was also recognized important that NW should take care of the timing difference between the bands by its scheduling. And this should be specified as side condition together with time mask.

Proposal 1:     Consider specify the time mask for dual TAG together with below general description as side condition for NW scheduling consideration:
· UE is not expected to be scheduled transmitting PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers

Observation 4:   MTTD, Timing and measurement errors are all RRM parameters which are to be considered in the outage time, should be discussed in RRM session.

Proposal 2:     The “Outage time” discussion should be moved to RRM session considering the parameters other than switching time are all RRM parameters like MTTD, Timing and measurement errors.

	R4-2219877
	Qualcomm Incorporated
	Title: UE requirements during overlaps due to NZ-MTTD
Observation : Ran4 requirements for single Tag and NZ-MTTD are very similar since even with single Tag switching periods maybe mis-aligned in time and for UE RF, the resulting behaviour is the same
Proposal 1: UE requirements are written assuming known network behaviour i.e.not using  “UE is not expected to ..” language.
Proposal 2: Language to be used for specifying UE behaviour for concurrent switching periods of different lengths:
“UE shall be capable of starting transmission after the end of switching periods on all bands that are configured for uplink in tx switching. Transient periods are not included in the switching periods.” 



The moderator can suggest a limited number of papers which could be presented.
Moderator: It is recommended to discuss the open issues in section 2.2 directly.
[bookmark: _GoBack]Open issues summary
Sub-topic 2-1: RF specification impact
Issue 2-1-1: Need of new time mask requirements for 2-TAG case
· Proposals
· Option 1: Modify the existing time masks such that Tx switching with uplink slot timing difference between carriers is verified when symbols containing the switching period preceding the time T0 are not scheduled by the test system on either carrier to avoid UE malfunction in the field. The approach used for Rel-17 V2X with no TA difference is not sufficient. (Ericsson, Sony)
· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction. (CMCC, MTK, Xiaomi, HW, OPPO)
· The same approach as in R17 V2X that the time mask only contains the UE hardware requirement (switching period), and no TA difference included. 
· Recommended WF
· Further discuss.

Issue 2-1-2: CR language
· Proposals
· Option 1: For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers. (CMCC, HW, OPPO)
· To be captured as side condition for the common switching time mask for 1-TAG and 2-TAG cases.
· Option 2: The CR text should be based on the 38.214 that “the UE is not expected to transmit for the duration of  on any of the two carriers”. (E///, Sony)
· The time mask specification is based on that “the not expected to be scheduled or configured to transmit on during OFDM symbols containing the switching period” preceding the time T0 starting at a symbol boundary.
· Option 3: Reuse the existing wording in TS 38.214 (MTK, ZTE)
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.
· Option 4: For 38.101-1 as UE specification, language to be used for specifying UE behaviour for concurrent switching periods of different lengths (QC)
· “UE shall be capable of starting transmission after the end of switching periods on all bands that are configured for uplink in tx switching. Transient periods are not included in the switching periods.” 
· UE requirements are written assuming known network behaviour i.e. NOT using  “UE is not expected to ..” language.
· Recommended WF
· Further discuss.

Sub-topic 2-2: UL outage time
Issue 2-2-1: Discussion and specification for UL outage time
· Proposals: 
· Option 1: No need to specify the exact outage time for the dual TAG case in both RF and RRM specs (CMCC, E///, Sony)
· Option 2: Not define the exact UL outage time in RRM specification (China Telecom)
· China Telecom: Technical discussion on the value of UL outage time can be taken in RF & RRM session. 
· Option 3: Discuss the UL outage time in RRM session (MTK, ZTE, HW, OPPO)
· Recommended WF
· Further discuss.

Issue 2-2-2: Value of UL outage time
· Proposals: 
· Option 1: For the band(s) within a different TAG, consider the following factors for deriving the UL outage time (CTC)
· Maximum propagation delay difference of 3.33us under the assumption of 1000m ISD.
· Maximum timing and measurement error of 4.82us.
· Option 2: No need to specify the exact outage time for the dual TAG case (CMCC, E///, Sony)
· Recommended WF
· Further discuss.

Sub-topic 2-3: Location of switching period
· Proposals: 
· Option 1: For both single TAG and dual TAG, the switching period always precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission as specified in 38.214. The dual TAG case must be consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2. (E///, Sony)
· Option 2: Reuse the Rel-16/17 approach to determine the location of switching period for multiple TAG. (Xiaomi)
· Recommended WF
· Further discuss.

Sub-topic 2-4: Scenario
· Proposals: 
· Option 1: Clarifications on the multi-TAG scenario are needed for UL transmission on a carrier without corresponding DL carrier. RAN4’s CR should reflect all the possible multi-TAG scenarios. (ZTE)
· [bookmark: OLE_LINK8][bookmark: OLE_LINK7]There are two interpretations when there is a SUL band included in UL Tx switching across 3/4 bands. For example, there are four bands A+B+C+D, where D is SUL band, C is the corresponding NUL band, and A and B are the other two NUL bands
· [bookmark: OLE_LINK21][bookmark: OLE_LINK10]Interpretation 1: All the bands belong to one TAG.
· Interpretation 2: bands C and D belong to one TAG, and bands A and B belong to another TAG.
· Recommended WF
· Further discuss.


