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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 across 3/4 bands with single TAG
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300163
	China Telecom
	Title: UL Tx switching across 3/4 bands with single TAG
For the exact value of 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, i.e., 
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.
· 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 RAN4 #104e.
Observation 1: According to RAN1 agreement, it is possible to conduct 1Tx-1Tx switching between 2 bands out of the 3/4 bands (i.e., the number of Tx chain is up to 1 for both bands before and after switching).
Observation 2: RAN4 agreed that 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. The switching period for 1Tx-1Tx switching is not explicitly considered in the previous RAN4 discussion.
Proposal 2: Since the switching behaviour of 1Tx-1Tx switching and 1Tx-2Tx switching between 2 bands are similar, it is proposed to apply the same length of switching period for 1Tx-1Tx switching and 1Tx-2Tx switching.
Observation 3: For Rel-17 UE supporting 2Tx-2Tx switching in a band pair of a band combination, the UE supports 1Tx-2Tx switching for that band pair as well.
Proposal 3: For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands, if 1Tx-2Tx switching or 2Tx-2Tx switching is supported for the band pair, Rel-16/17 1Tx-2Tx switching or 2Tx-2Tx switching operation with the two bands in the band pair configured should also be supported.

For the impact from switching of one Tx chain on the other Tx chain:
Proposal 4: For the band with the number of Tx chain unchanged due to switching (i.e., one Tx chain is maintained on the band), the granularity of optional UE capability to allow UL transmission on the band during UL switching is: per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
Proposal 5: When two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2):
· In addition to the baseline UE assumption, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1).
· The granularity of optional UE capability is per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
· The same UE capability applies to the scenarios discussed in proposal 4 and 5.

For the applicability of DL interruption:
Proposal 6: For two band pairs conducting Tx switching across the same time, if the UE capability of DL interruption on any of the band(s) is different, the worst case for each band should be considered, i.e., DL interruption on one band is allowed if it is allowed when Tx switching is conducted on one of the two band pairs.
Proposal 7: For synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands, option 1 (DL interruption is not required) is preferred, and option 2 (whether to mandate no DL interruption can be discussed per band combination basis) is acceptable to move forward.
Proposal 8: For synchronized CA among 3 or 4 TDD band(s) with “the same UL-DL pattern” across all TDD bands, DL interruption is not required.

	R4-2300164
	China Telecom, NTT DOCOMO, Huawei, Hisilicon
	Title: CR for 38.101-1: Time mask for switching across three or four uplink bands

	R4-2300365
	Apple
	Title: Rel-18 Further Discussions on the UE UL TX Switching for 3 or 4 bands
Observation 1a: If the frequency of the TX band being switched is close to the frequency of the band not being switched, a frequency pulling of the unswitched band could degrade the TX performance of the band not being switched (frequency error and EVM degradation).
Observation 1b: Frequency pushing could also affect the performance of the transmitter of the unswitched band.
Proposal 1:	On Option 1, we prefer that further studies from other companies should be considered before the final decision is made.
Proposal 2: For the optional UE capability, we propose that Option 1 to be implemented per band per band pair per BC.


	R4-2300817
	CMCC
	Title: UL Tx switching with single TAG
Proposal 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.
–	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 RAN4 #104e.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, the granularity of the optional UE capability is per band per band pair per BC. 
Proposal 3: UE needs to report the Tx chain switching behavior in order to resolve the ambiguity issue when two Tx chains are switched between two different band pairs if the advanced optional UE capability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1) is introduced.
Proposal 4: For the following cases that no DL transmission during the UL Tx switching, DL interruption is not required:
•	For synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands
•	For synchronized CA among 3 or 4 TDD band(s) with the same UL-DL pattern across all TDD bands

	R4-2300822
	Qualcomm Incorporated
	Title: UE switching time in more complicated scenarios
We made observations:
Observation 1: RAN4 has already identified that two simultaneous TX chain switching events needs a separate capability from baseline Rel-16 behaviour by introducing uplinkTxSwitchingPeriod2T2T-r17
Observation 2: Simultaneous events in RF domain due to simultaneous TX switching will cause the TX switching time to be longer than when only one TX switching is performed in UE
Observation 3: If other bands are transmitting than the ones involved in switching, the UE internal events may need more time for switching. 
And one proposal
Proposal: UE TX switching time when two overlapping TX switching instances are scheduled or if a third band is transmitting while a TX switching is scheduled, the actual switching time is the next larger switching time from list {35, 140, 210} compared to the declared switching for the involved band pairs. 

	R4-2301177
	OPPO
	Title: R18 Discussion on Tx switching with single TAG
Tx switching period value
Observation 1:   For the same band pair, the condition to apply same switching time is that UE hardware settings are always same between Rel-16/17 and Rel-18, otherwise, different switch period might happen.
Observation 2:   The performance of allowing UE reporting different values can be better than or equal to the performance of mandatory reporting same value.

Observation 3:   It is UE implementation choice whether to apply same hardware for a band pair under different switching scenarios. If mandatory UE to apply same value, then worst case will be reported to cover different releases, this will degrade the system performance.

Proposal 1:         Allow UE to report different switching periods for a band pair in Rel-18 compared with Rel-16/17 among candidate values {35us, 140us, 210us}.

Capability of UL transmission on the band with the number of Tx chain unchanged during UL switching

Observation 4:   There are two choices in capability reporting of Tx switching from band A+B to band B+C with band B keep transmitting, i.e. 
· Option 1: per band per band pair group per band combination, i.e. per band (B) per band pair group (switched band pair group A+B -> B+C) per band combination (A+B+C+...). 
· Option 2: per band per band pair per band combination, i.e. per band (B) per band pair (switched bands A->C) per band combination (A+B+C+...). 

Proposal 2:         The UE capability to indicate UL transmission on the band with the number of Tx chain unchanged during UL switching is “per band per band pair group (A+B -> B+C) per band combination”.

UL transmission of two different band pairs with different lengths of switching periods

Observation 5:   For the case of two Tx chains both are changed in the operating band, the switching period is expected to be same rather than have much difference. Therefore, the necessity of introducing UL transmission in two different band pairs with different lengths of switching periods is unclear.

Proposal 3:         There is no need to consider the scenario of “UL transmission in two different band pairs with different lengths of switching periods”, because UE Tx switching period length is mainly determined by whether the PLL is changed and RF chain is reloaded rather than which band pair is switched.   Therefore, most likely UE will report same switching period in this case and the necessity of discussing this scenario is unclear.

	R4-2301254
	ZTE Corporation
	Title: Further discussion on Tx switching across 3 or 4 bands for single TAG
[bookmark: OLE_LINK32]Exact value of Tx switching period
Proposal 1: Option 1 is our preference. , i.e.
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.
· 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 RAN4 #104e.
[bookmark: OLE_LINK33]Impact on the band with the number of Tx chain unchanged due to switching (Case 2)
[bookmark: OLE_LINK74]Proposal 2: The granularity of the optional UE capability should be per band per band pair per BC, i.e. option 1b.
[bookmark: OLE_LINK34]Issue of two Tx chains switched between two different band pairs
[bookmark: OLE_LINK3][bookmark: OLE_LINK75]Proposal 3: Option 1 and 1a is our preference.

	R4-2301541
	vivo
	Title: Discussion on RF aspects of UL Tx switching with single TAG
Exact value of Tx switching period:
Observation 1: Mandate unified switching period requirements between different releases for a certain pair would have more implementation restrictions or reduced use case for Tx Switching.
Proposal 1: Still prefer different values can be reported for Tx switching period for flexibility.

Impact on the band with the number of Tx chain unchanged due to switching:
Observation 2: The difference between option 1a and 1b is likely to be whether a direction of Tx switching is needed to be reported or not.
Observation 3: The per band reporting seems not sufficient.
Proposal 2: For the impact on the band with the number of Tx chain unchanged due to switching, per band pair per BC (option1a) is preferred since it is a good compromise between simplicity and flexibility.

Issue of two Tx chains switched between two different band pairs
Proposal 3: For the case of two Tx chains switched between two different band pairs, prefer not to introduce the advanced optional UE ability (Option 2). If the capability is introduced, then per band pair per BC is enough (Option 1a).
· If both band pairs are capable of this enhanced feature, then transmission during (Tswitch_2 - Tswitch_1) is possible;
· If only one band pair is capable of this enhanced feature, then no transmission can be done during (Tswitch_2 - Tswitch_1)

Maintenance of RAN4 current requirements for “dualUL”:
Proposal 4: Add the following note “The time mask is applicable to uplink transmissions when configured with switchedUL or dualUL” for legacy Tx switching requirements.
Proposal 5: Discuss whether new figures for time mask requirements are needed or not for legacy Tx switching requirements.
The maintenance CRs are also submitted in this meeting [9][10].

	R4-2301616
	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: It is proposed to report the optional UE capability per band per band pair per BC for the switching cases mentioned in Issue 1-2-1 and Issue 1-2-2.
Proposal 3: For dualUL case, the total switching period during which UL transmission is not allowed should be used by considering different locations of switching period on two Tx chains.
Proposal 4: The time mask for switchedUL or dualUL case with baseline UE capability or optional UE capability can be defined as below:
· For switchedUL case, each time mask for each band pair applies.
· For dualUL case with baseline UE capability, the time mask with the total switching time mentioned above should apply for both band pairs. 
· For dualUL case with optional UE capability, each time mask for each band pair applies.

	R4-2301713
	MediaTek Inc.
	Title: Discussion on multi-carrier enhancement for single-TAG Tx switching
Sub-topic 1-1: Exact value of switching period for Tx switching across 3/4 bands
Proposal 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same as the switching period for the UE under Rel-16/17 2-band switching operations.
–	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 RAN4 #104e.
–	Note: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.
Observation 1: In R-18 Tx switching, the meaning of “band pair” need to be further clarified and indicated as two meanings below,
a. Transmit band combo
b. Per Tx chain band pair: Bands before Tx switching and after switching bands on same Tx chain

[image: ]
Proposal 2: For the unchanged Tx chain that is capable to transmit during switching period, the granularity of optional UE capability is proposed as option 1a with clarification: per “TX chain band pair” per BC
Proposal 3: The order of switching configuration either via downlink control information (DCI) or radio resources management (RRM) commands represents the mapping of Tx switching bands. An example is illustrated below, RAN4 send an LS to RAN1/2 for the idea to solve ambiguity
[image: ]
Observation 2: When there’s no harmonic frequency or close proximity relationship between the two Tx band pairs for switching operation where one TX band pair has a shorter switching period or finish switching earlier and there’s no shared hardware resource between the two band pairs for TX switching, UL transmission on the band is possible where its switching is finished earlier.
Observation 3: With clear indication on two Tx chain switching configuration in proposal 3, for advanced designed UE, it may be possible to start transmitting on the Tx chain which has shorter switching period.
Proposal 4: In addition to default behaviour, neither of the two Tx chains is expected to be used for transmission during the switching periods, advanced UE may have ability to transmit on the Tx chain with shorter switching period. 
Proposal 5: For Tx chains are switched between two different band pairs with different lengths of switching periods, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1)
Observation 3: DL interruption would be required when there’s MSD happen on DL receiving chain after Tx switching regardless the duplex mode of the band combos
Proposal 6: Only when all fallback combinations support “no DL interruption” can the higher order combo be capable for no DL interruption. Capability on fundamental combination composed with two bands applies to its higher order configurations.
Proposal 7: For TDD+SUL combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed during switching period of NUL switched to SUL when there’s MSD on DL path for the scheduled UL configuration.
Proposal 8: For TDD+TDD combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed when there’s MSD on DL path for the scheduled UL configuration.

	R4-2301722
	MediaTek Inc.
	Title: Draft LS on Rel-18 UL Tx switching

	R4-2302048
	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: It is up to network implementation when the switching periods reported in the Rel-18 Tx switching are different for the two related band pairs.
Proposal 4: For the band with the number of Tx chain unchanged due to switching, the optional UE capability to allow UL transmission uninterrupted during the period of the other Tx chain switching on other bands is per band per band pair per BC.
· The band is neither of the bands in the band pair, but is included in the BC
· The band pair is included in the BC

	R4-2302348
	NTT DOCOMO INC.
	Title: Granularity of advanced UE feature capability for Rel-18 Tx switching
· Option 1a: per band pair per BC
· example
· If UE indicates the UE capability in band pair B=>C in a band combination CA_A-B-C-D,
· Then the UE can keep transmission in band A during B=>C, and in band D during B=>C.
· Option 1b: per band per (switching) band pair per BC
· example
· if UE indicates the UE capability in band A in a (switching) band pair B=>C in a band combination CA_A-B-C-D
· Then the UE can keep transmission in band A during B=>C
· Option 1c: per band per (dual UL) band pair per BC
· example
· if UE indicates the UE capability in band A in (dual UL) band pair A+B in a band combination CA_A-B-C-D
· And if UE indicates the UE capability in band A in (dual UL) band pair A+C in a band combination CA_A-B-C-D
· Then the UE can keep transmission in band A during B=>C
· Option 1d: per band per BC
· example
· if UE indicates the UE capability in band A in a band combination CA_A-B-C-D
· Then the UE can keep transmission in band A during B=>C, and during B=>D, and during C=>D

Observation 1: There is a trade-off among these options in terms of signalling size and UE implementation flexibility.
Observation 2: Option 1b may have unnatural signalling structure because “UE indicates UE capability in band A in band pair B=>C” where the indicated band is not involved in the band pair.
Observation 3: If UE supporting the advanced UE feature in a certain band is more likely to support the feature in other bands as well, option 1d would be better.
Proposal 1: Consider taking option 1d for the granularity of the advanced UE capability agreed in issue 1-2-1 in [2]. 
Observation 4: If the granularity of option 1d is not aligned with real UE implementation, it is also acceptable to take option 1a or 1c.

	R4-2302751
	Qualcomm Incorporated
	UE ON-OFF time masks for non-equal switching time cases
Proposal: Include Figure 1 or equivalent with same aspects in to the Feature CR for TX switching for Rel-18.
[image: ]
Figure 1. TX Switching ON-OFF time masks for non-equal switching times



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: Value of switching period for Tx switching across 3/4 bands
Issue 1-1-1: Exact value of Tx switching period for each band pair
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 R4-2220546 (RAN4 #105):
For the exact value of Tx switching period for each band pair, select one of the two options in RAN4 #106:
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.
· 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 RAN4 #104e.
· Option 2: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations. 
· Note: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.

· Proposals
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations. (China Telecom, CMCC, ZTE, Xiaomi, MTK, Huawei)
· 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 RAN4 #104e.
· Option 2: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations. (OPPO, vivo)
· Note: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.
· Option 3: UE TX switching time when two overlapping TX switching instances are scheduled or if a third band is transmitting while a TX switching is scheduled, the actual switching time is the next larger switching time from list {35, 140, 210} compared to the declared switching for the involved band pairs. (QC)
· [bookmark: _Hlk127686215]Recommended WF
· The situation is similar as in the previous meetings. Considering this is the last meeting for RAN4 core part of this WI, moderator would like to try again with the following compromised approach:
· Option 1 applies for one band pair if only ‘switchedUL’ is supported for the band pair
· Option 2 applies for one band pair if ‘dualUL or ‘both switchedUL & dualUL’ is supported for the band pair

Issue 1-1-2: 1Tx-1Tx switching case
Background:
RAN1 #111 agreement
There is no restriction on number of bands supporting up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands.
· It is up to UE capability to support 2 ports UL transmission on none/some/all of the 3 or 4 bands
· Note: UE with only 1 Tx chain is not expected to perform UL Tx switching (no spec impact)
RAN4 #104e meeting agreement (R4-2214464)
RAN4 reached the following agreement on the length of switching period for each band pair:
· 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.
· Proposals
· Option 1: Apply the same length of switching period for 1Tx-1Tx switching and 1Tx-2Tx switching. (China Telecom)
· Justification:
· According to RAN1 agreement, it is possible to conduct 1Tx-1Tx switching between 2 bands out of the 3/4 bands (i.e., the number of Tx chain is up to 1 for both bands before and after switching).
· For Rel-18 Tx switching, RAN4 agreed that 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. The switching period for 1Tx-1Tx switching is not explicitly considered in the previous RAN4 discussion.
· The switching behaviour of 1Tx-1Tx switching and 1Tx-2Tx switching between 2 bands are similar.
· [bookmark: _Hlk127699263]Recommended WF
· Is option 1 agreeable?

Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
· Proposals
· Option 1: For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands, if 1Tx-2Tx switching or 2Tx-2Tx switching is supported for the band pair, Rel-16/17 1Tx-2Tx switching or 2Tx-2Tx switching operation with the two bands in the band pair configured should also be supported. (China Telecom, Huawei)
· China Telecom: For Rel-17 UE supporting 2Tx-2Tx switching in a band pair of a band combination, the UE supports 1Tx-2Tx switching for that band pair as well (Fallback of Rel-17 Tx switching to Rel-16 Tx switching).
· Recommended WF
· Is option 1 agreeable?

Sub-topic 1-2: Impact from switching of one Tx chain on the other Tx chain
Issue 1-2-1: Sceanrio of one band with the number of Tx chain unchanged due to switching
Background:
[bookmark: _Hlk127685687]RAN4 Agreements captured in the WF R4-2220546 (RAN4 #105):
· For 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 (i.e., one Tx chain is maintained on the band) during UL switching.
· Down-select and decide the granularity of the optional UE capability in RAN4 #106:
· Option 1a: per band pair per BC
· Option 1b: per band per band pair per BC
· Other options are not precluded
· Note: this optional advanced UE ability is not considered for the following case, as per the RAN4 #104e agreement
· 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.
· Proposals: For the band with the number of Tx chain unchanged due to switching (i.e., one Tx chain is maintained on the band), the granularity of optional UE capability to allow UL transmission on the band during UL switching is:
· Option 1a: per band pair per BC (vivo, NTT DCM - acceptable, [MTK])
· MTK: per “TX chain band pair” per BC or per “band pair under switching” per BC
· Option 1b: per band per band pair per BC (Apple, CMCC, ZTE, Xiaomi, HW, China Telecom, [OPPO])
· HW, China Telecom: The band is neither of the bands in the band pair, but is included in the BC, i.e., per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
· OPPO: per band per band pair group (A+B -> B+C) per band combination, i.e., the band pair is the “band pair under switching” but not the “band pair under simultaneous transmission”
· Option 1c: per band per BC (NTT DCM)
· example
· if UE indicates the UE capability in band A in a band combination CA_A-B-C-D
· Then the UE can keep transmission in band A during B=>C, and during B=>D, and during C=>D
· Option 1d: per band per (dual UL) band pair per BC (NTT DCM - acceptable)
· example
· if UE indicates the UE capability in band A in (dual UL) band pair A+B in a band combination CA_A-B-C-D
· And if UE indicates the UE capability in band A in (dual UL) band pair A+C in a band combination CA_A-B-C-D
· Then the UE can keep transmission in band A during B=>C
· Recommended WF
· Is option 1b with the additional clarifications from HW/CTC and OPPO agreeable?

Issue 1-2-2: Scenario of two Tx chains switched between two different band pairs
Background:
RAN4 Agreements captured in the WF R4-2220546 (RAN4 #105):
· When two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), select one of the two options in RAN4 #106:
· Option 1: In addition to the baseline UE assumption, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1)
· Further discuss the granularity of the optional UE capability:
· Option 1a: per band pair per BC
· Other options are not precluded
· Option 2: Do not introduce the advanced optional UE ability.
· Proposals: When two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2)
· Option 1: In addition to the baseline UE assumption, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1) (China Telecom, Xiaomi, [MTK], [CMCC])
· [bookmark: _Hlk127687016]Granularity of the optional UE capability:
· Option 1a: per band pair per BC (vivo - if the advanced UE behaviour is introduced)
· Option 1b: per band per band pair per BC (Xiaomi, China Telecom)
· China Telecom: per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
· Whether to apply the same UE capability for Issue 1-2-1 and Issue 1-2-2
· Yes (China Telecom)
· Condition to support option 1
· MTK, CMCC: Support option 1 under the condition of with clear indication/assumption on two Tx chain switching configuration as discussed in Issue 1-2-3.
· Option 2: Do not introduce the advanced optional UE ability. (vivo, OPPO)
· OPPO: no need to consider the scenario of “UL transmission in two different band pairs with different lengths of switching periods”, because UE Tx switching period length is mainly determined by whether the PLL is changed and RF chain is reloaded rather than which band pair is switched.   Therefore, most likely UE will report same switching period in this case and the necessity of discussing this scenario is unclear.
· [bookmark: _Hlk127700773]Recommended WF
· Considering the ambiguity issue mentioned by MTK and CMCC, check if the following proposal is agreeable?
· Agree option 1 for the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching
· Discuss whether to apply the same UE capability with Issue 1-2-1?
· Agree option 2 for the switching scenario with ambiguity, i.e., the two Tx chains are on different bands both before and after switching 

Issue 1-2-3: Ambiguity issue when two Tx chains are switched between two different band pairs
Background:
RAN4 Agreements captured in the LS R4-2220548 (RAN4 #105):
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, and 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}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, 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 are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.
· Proposals: 
· MTK: The order of switching configuration either via downlink control information (DCI) or radio resources management (RRM) commands represents the mapping of Tx switching bands. RAN4 send an LS to RAN1/2 for the idea to solve ambiguity, with Draft LS on Rel-18 UL Tx switching in R4-2301722.
· Recommended WF
· Keep the previous agreement, and not re-open the discussion.

Sub-topic 1-3: Applicability of DL interruption
Issue 1-3-1: Issues of different band pairs having different capabilities of DL interruption
Background:
RAN4 Agreements captured in the WF R4-2220546 (RAN4 #105):
· Further discuss in the next meeting that:
· 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.
· Proposals: 
· Option 1: For two band pairs conducting Tx switching across the same time, if the UE capability of DL interruption on any of the band(s) is different, the worst case for each band should be considered, i.e., DL interruption on one band is allowed if it is allowed when Tx switching is conducted on one of the two band pairs. (China Telecom, MTK)
· MTK: Only when all fallback combinations support “no DL interruption” can the higher order combo be capable for no DL interruption. Capability on fundamental combination composed with two bands applies to its higher order configurations. 
· Recommended WF
· Is option 1 agreeable?

Issue 1-3-2: On previous agreements for combinations of SUL+TDD and TDD+TDD CA band combinations
Background:
RAN4 Agreements captured in the WF R4-2220546 (RAN4 #105):
· For synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands:
· [bookmark: _Hlk127687467]Option 1: DL interruption is not required
· Option 2: whether to mandate no DL interruption can be discussed in a case by case (i.e., per band combination basis) manner.
· For synchronized CA among 3 or 4 TDD band(s) [‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’] across all TDD bands, DL interruption is not required.

· Proposals for “synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands”
· Option 1: DL interruption is not required (China Telecom - preferred, CMCC)
· Option 2: whether to mandate no DL interruption can be discussed in a case by case (i.e., per band combination basis) manner. (China Telecom - acceptable, MTK)
· MTK: For TDD+SUL combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed during switching period of NUL switched to SUL when there’s MSD on DL path for the scheduled UL configuration.
· Recommended WF
· Further discuss

· Proposal for “synchronized CA among 3 or 4 TDD band(s) [‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’] across all TDD bands, DL interruption is not required”
· Option 1: Use ‘with the same UL-DL pattern’ (China Telecom, CMCC)
· China Telecom: In some scenarios, even simultaneous Rx/Tx requirement are mandatory for some band combinations, simultaneous Rx/Tx is not happened when the same UL-DL pattern is configured for different bands.
· CMCC: Since different operators have different configurations in their networks for the same bands, mandatory support simultaneous Rx/Tx does not mean the all the networks have different UL-DL pattern for such BC.
· Option 2: Use ‘without mandatory simultaneous Rx/Tx requirement’ (MTK)
· MTK: For TDD+TDD combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed when there’s MSD on DL path for the scheduled UL configuration.
· Recommended WF
· Is option 1 agreeable?

Sub-topic 1-4: CR related issues
Issue 1-4-1: 2-layer UL-MIMO support for carrier(s) capable of 2Tx
· Proposal 
· Option 1: For NR carrier(s) capable of two transmit antenna connectors, both single layer and two-layer transmission with 2 antenna ports, and single layer transmission with 1 antenna port shall be supported following the scheduling commands and rank adaptation (China Telecom)
· Justification: 
· Reuse the agreement from Rel-16/17 (in clause 6.3A.3.3.2 to clause 6.3A.3.3.5 of TS 38.101-1), i.e., support 2-layer UL-MIMO for carrier(s) capable of 2Tx
· Note that it is still allowed to support only 1Tx chain and 1 antenna port for some or all bands in the band combinations based on UE capability. 
· Recommended WF
· Encourage feedback

Issue 1-4-2: Location of switching period in relation to time T0
· Proposal
· Option 1: for both single TAG and dual TAG, the switching period immediately 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///)
For an uplink switching triggered for an uplink transmission starting at T0 on either carrier, the UE is not expected to be scheduled or configured to transmit on any of the carriers for a duration of X s preceding T0 regardless of the timing advance TTA of either TAG with TTA
[image: ]
Figure 6.3A.3.3.2-1c: Time mask for switching between UL carrier 1 and UL Carrier 2 belonging to different TAGs, where the switching period is located in carrier 1
· Specification related to T0 in TS 38.214
· TS 38.214:
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
· Recommended WF
· For switching time mask requirement, discuss whether to specify the time relationship between the switching period and T_0 as in Option 1?
Note: Is the time relationship in option 1 aligned with RAN1 specification/understanding?

Issue 1-4-3: Location of switching periods for “dualUL”
· Proposals:
· Option 1: For dualUL case, the total switching period during which UL transmission is not allowed should be used by considering different locations of switching period on two Tx chains. (Xiaomi, QC)
· QC: Include the following Figure or equivalent with same aspects in to the Feature CR for TX switching for Rel-18.
[image: ]
· Recommended WF
· Encourage feedback
Note: Is the above figure aligned with RAN1 discussion on the switching period location in 4-band switching case? 

Issue 1-4-4: Maintenance of RAN4 current requirements for “dualUL”
· Proposals: 
· Proposal 1 (vivo):
· Add the following note “The time mask is applicable to uplink transmissions when configured with switchedUL or dualUL” for legacy Tx switching requirements.
· Discuss whether new figures for time mask requirements are needed or not for legacy Tx switching requirements.
· The maintenance CRs are also submitted in this meeting in R4-2301550 and R4-2301547.
· Recommended WF
· Encourage feedback

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

	R4-2300751
	Ericsson
	Title: Time masks, switching time location and DL interruptions 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 immediately 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.
For the DL interruption length:
Observation 1: for the single-TAG case, the DL interruption duration on both DL carriers is determined by the duration of the Tx switch within the switching period. The RTD and TA adjustment uncertainty only determine when the interruption starts on any one of the DL carriers in addition to the absolute TA. 
Observation 2: for the dual-TAG case, the DL interruption duration on both DL carriers is still only determined by the duration of the Tx switch within the switching period. The existing allowed DL interruption length on NR carrier(s) in units of OS allowed for the single-TAG case can be reused for dual-TAG case with the RTD up to the maximum allowed MRTD = 33 us.
To ensure that UE functionality can be properly tested:
Proposal 2: 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.
Proposal 3: 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. 
but
Proposal 4: there is no need to specify the minimum UL outage time for the dual TAG case. The minimum outage UL time for dual TAG in number of OS would be evident from the time masks with TA difference: one more OS of a duration longer than MRTD as compared to the minimum outage for single-TAG case. 

	R4-2300752
	Ericsson
	Title: Introduction of ON/OFF time mask for TX switching across two bands with dual-TAG

	R4-2301253
	ZTE Corporation
	Title: Further discussion on Tx switching across 3 or 4 bands for multiple TAG
Proposal 1. We slight prefer to introduce new time mask requirements (as did in Option 1) for dual-TAG Tx switching scenarios cross 3-4 bands for both SUL and CA configurations.
Proposal 2. The UL outage time concept should be clarified first.
Proposal 3. For the baseline assumption for dual-TAG Tx switching scenario, to clarify/discuss whether maintained Tx chains is expected to be used for transmission during the switching period for the following 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, and band A and band B belong to different TAG.
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”) where band A and band B belong to different TAG, and the other Tx chain is maintained on a different band (named “band C”) in the same TAG as band A.
Observation 1: The third factor “timing and measurement error” is already included in MTTD.

	R4-2301617
	Xiaomi
	Title: Discussion on UL Tx switching with multiple TAG
Proposal 1: The switching time mask for single TAG case can be used for multiple TAG case.

	R4-2301712
	MediaTek Inc.
	Title: Discussion on multi-carrier enhancement for multi-TAG Tx switching
Observation 1: The two options are not contradicting and Option 1 covers Option 2
Proposal 1: RAN4 agree on time mask in option 1 (R4-2218827) so that interruption time can be further discussed in RRM session

	R4-2302049
	Huawei, HiSilicon
	Title: Discussion on Multi-carrier enhancements with multiple TAG
This contribution presents discussions on potential RAN4 impact to support the UL Tx switching among 3 bands/4 bands with multiple TAGs.
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 behaviour.
Proposal 1：The standardization procedure including the discussion on the time mask of Rel-17 intra-band V2X and Uu concurrent operation can be as reference of Tx switching with mTAG.
Proposal 2：RF test is not needed for Tx switching with multiple TAGs time mask requirement.
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/bands.
Proposal 4: In the Tx switching with multiple TAG, the outage time would be OFDM symbols that overlaps with the switching period on both the carriers/bands.

	R4-2302050
	Huawei, HiSilicon, Xiaomi
	Title: Draft CR for 38.101-1 to clarify the time mask for switching with multiple TAGs



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.
Open issues summary
Sub-topic 2-1: RF specification impact
Background:
· RAN4 Agreements captured in the WF R4-2220547 (RAN4 #105):
· Option 1: Time mask with an UL time difference covering all possible time delays (R4-2218827), example for 2 bands but also relevant for 3-4 bands for both SUL and CA configurations with dual TAG.
· 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. 
· General understanding: only full OS are “blanked” (not scheduled or configured for transmission)
· Proposals
· Option 1: Introduce new time mask requirements (E///, ZTE - slight prefer, MTK)
· E///: To ensure that UE functionality can be properly tested, 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. (E///)
· E///: there is no need to specify the minimum UL outage time for the dual TAG case. The minimum outage UL time for dual TAG in number of OS would be evident from the time masks with TA difference: one more OS of a duration longer than MRTD as compared to the minimum outage for single-TAG case.
· E/// CR in R4-2300752:
For an uplink switching triggered for an uplink transmission starting at T0 on either carrier, the UE is not expected to be scheduled or configured to transmit on any of the carriers for a duration of X s preceding T0 regardless of the timing advance TTA of either TAG with TTA
[image: ]
Figure 6.3A.3.3.2-1c: Time mask for switching between UL carrier 1 and UL Carrier 2 belonging to different TAGs, where the switching period is located in carrier 1

· 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. (Xiaomi & HW - with joint CR in R4-2302050)
· Xiaomi, HW: The standardization procedure including the discussion on the time mask of Rel-17 intra-band V2X and Uu concurrent operation can be as reference of Tx switching with mTAG.
· Recommended WF
· This issue has been discussed for several meetings without any progress. For a better understanding of option 1, moderator has the following questions for clarification:
· Q1: The new time masks for 2-TAG cases are also intended for testing in RAN5?
· Q2: If yes in Q1, is the test functionality test or UE requirement test?
· Q3: Is the concrete number of symbols for not capable of UL transmission known in the test? Is the UL transmit timing difference between the bands in different TAGs known in the test?

Sub-topic 2-2: Clarificaiton on UE behaviour in 2-TAG case
· Proposals
· Proposal 1: For the baseline assumption for dual-TAG Tx switching scenario, to clarify/discuss whether maintained Tx chains is expected to be used for transmission during the switching period for the following cases: (ZTE)
· 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, and band A and band B belong to different TAG.
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”) where band A and band B belong to different TAG, and the other Tx chain is maintained on a different band (named “band C”) in the same TAG as band A.
· Recommended WF
· In moderator’s understanding, for UEs declaring the Tx switching support with 2-TAG, the baseline and advanced UE behaviors applies to both 1-TAG and 2-TAG cases. Any different understanding?
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