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[bookmark: _Toc79478134]Introduction
This email thread discusses the UE RF aspects for Rel-18 Multi-carrier enhancements WI, including the following topics:
· Topic #1: General
· Topic #2: Tx switching across 3/4 bands with single TAG
· Topic #3: Tx switching with multiple TAGs

List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: 
· Invite comments on the recommended WF under each issue in section 1.2, 2.2 and 3.2.
· 2nd round: there will be 2 sub-threads
· 1 sub-thread with email title ‘[104-e][138] NR_MC_enh - Tx switching with single TAG’, and cover the following tdocs (sub-thread led by China Telecom) 
· WF on UL Tx switching across 3/4 bands with single TAG
· Reply LS on UL Tx switching across 3 or 4 bands
· 1 sub-thread with email title ‘[104-e][138] NR_MC_enh - Tx switching with multiple TAGs, and cover the following tdocs (sub-thread led by Ericsson) 
· WF on UL Tx switching with multiple TAGs
· LS on UL Tx switching with multiple TAGs

It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	Qualcomm
	Ville Vintola
	vvintola@qti.qualcomm.com

	China Telecom
	Shan YANG
	yangshan@chinatelecom.cn

	Huawei, Hisilicon
	Dan Hu
	hudan11@huawei.com

	Samsung
	Wang, He (Jackson)
	h0809.wang@samsung.com

	OPPO
	Jinqiang Xing
	xingjinqiang@oppo.com

	ZTE
	Aijun Cao
	Cao.aijun@zte.com.cn

	Xiaomi
	Yuan Gao
	Gaoyuan23@xiaomi.com

	Nokia
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	CMCC
	Xiaoran ZHANG
	zhangxiaoran@chinamobile.com

	vivo
	Sanjun Feng
	fengsanjun@vivo.com

	MediaTek
	Huanren
	huanren.fu@mediatek.com

	Ericsson
	Christian Bergljung
	Christian.Bergljung@ericsson.com

	Apple
	Anatoliy Ioffe
	aioffe@apple.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)

Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211607
	NTT DOCOMO INC.
	Title: Work plan for REl-18 Multi-carrier enhancements for NR


Open issues summary
Sub-topic 1-1: WI work plan
Issue 1-1: RAN4 RF work plan
· Any comment on the RAN4 RF part of work plan in R4-2211607?
	Company
	Comments

	Samsung
	Thanks for the work plan prepared by rapporteur. 
One clarification question is this work plan is only for RF? Though it is dependent on rapporteur, normally the core part relevant work can be prepared together (while performance part plan can be determined when the perf. part has begun, i.e., from RAN4#108bis). 
Specifically, based on the WID, for the 1st objective (single DCI for multi-cell), there is no RAN4 involvement based on the plan. Is that the correct understanding that there is no RAN4 specification impact (including demod specification) for this? 

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Companies views’ collection for 1st round
Open issues 
Provided in section 1.2
Summary for 1st round
Open issues
Issue 1-1: RAN4 RF work plan
Summary of round 1 discussion
· 1 company (Samsung) provided comment:
· One clarification question is this work plan is only for RF? Though it is dependent on rapporteur, normally the core part relevant work can be prepared together (while performance part plan can be determined when the perf. part has begun, i.e., from RAN4#108bis). 
· Specifically, based on the WID, for the 1st objective (single DCI for multi-cell), there is no RAN4 involvement based on the plan. Is that the correct understanding that there is no RAN4 specification impact (including demod specification) for this?
Moderator’s observation:
· RRM work plan has been included in the work plan. In round 1, moderator just suggested companies to check the RF part of the work plan in the RF session, so sorry if any confusion has been caused by this.
· For the single DCI objective, based on the current WID, no RAN4 involvement is considered. If it is identified that RAN4 involvement (including demod performance work) is required in the future, a WID revision is needed in the RAN plenary.
Tentative agreement:
· RAN4 RF part of the work plan is agreeable.
Discussion on 2nd round
	Company
	Comments

	NTT DOCOMO
	We just would like to response to Samsung’s comments.
Samsung’s understanding (and also moderator’s understanding) is also aligned with our understanding. For the 1st objective (single DCI for multi-cell), so far, there is no RAN4 involvement and no RAN4 impact expected.
We are open to discuss RAN4 impact including performance parts if it is identified after seeing the outcome of RAN1 discussion.




Topic #2: Tx switching across 3/4 bands with single TAG
[bookmark: _Toc79478136]Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211556
	Nokia, Nokia Shanghai Bell
	Title: Switching period on UL Tx switching across 3 or 4 bands in Rel-18
Proposal 1: Tx switching periods for Rel-18 shall not be longer than those for Rel-16/17.
Proposal 2: Baseline UE assumption/behaviour for UL Tx switching across 3 or 4 bands is the same as those for UL Tx switching across 2 bands and the switching period(s) for across 3 or 4 bands shall not be longer than those for across 2 bands.

	R4-2211625
	China Telecom
	Title: UL Tx switching across 3/4 bands and Tx switching between 2 bands with 2 TAGs
For the length of UL switching period:
Observation 1: For Tx switching in Rel-16/17, 1 Tx chain and up to 2 Tx chains can be switched between 2 bands for 1Tx-2Tx switching and 2Tx-2Tx switching respectively.
Observation 2: For Rel-16/17 1Tx-2Tx switching and 2Tx-2Tx switching, the set of candidate switching time is the same, and the actual switching time can be the same or different based on UE reporting.
Observation 3: For Tx switching across 3 and 4 bands in Rel-18, the switching of each Tx chain is also conducted between 2 out of the 3/4 bands for each switching occasion.
Proposal 1: For Tx switching across 3 and 4 bands in Rel-18, for each switching occasion, depending on whether the switching is conducted between two bands with 1Tx+2Tx or 2Tx+2Tx, the switching time of 1Tx-2Tx or 2Tx-2Tx switching for the band pair can be applied.
Proposal 2: For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), first confirm the feasibility that the 2 Tx chains can be switched between 2 different band pairs at the same time.
Proposal 3: For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), if the feasibility of the 2 Tx chains switched between 2 different band pairs is confirmed, the switching time can be applied for each of the switched band pairs.
Proposal 4: For Rel-18 switching scenario, the Rel-16/17 switching time between each band pair can be reused when the Tx switching is conducted between the same band pair out of the 3/4 bands.

For the impact from switching of one Tx chain on the other Tx chain:
Observation 4: In Rel-16/17, the switching is conducted in the scenario with 2 bands configured. So, when one Tx chain is switched between the 2 bands, the number of available Tx chains is changed before and after the switching for both two bands.
Proposal 5: For Rel-18 switching scenario, for the band with the number of Tx chain unchanged before and after the switching between two other bands, UL transmission can be maintained during the switching period.

For the concurrent UL transmission on 2 bands:
Proposal 6: For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands is depending on whether UL CA on the 2 bands is supported or not.

For the 2Tx support on different bands:
Observation 5: The support of 2Tx chains is a optional feature for each band.
Proposal 7: 2Tx is supported at least on one of the 3/4 bands, similar to Rel-16/17 switching scenario.

For the RF requirements for UL 3/4 bands CA:
Observation 6: For Tx switching across 3/4 bands, although there are 3 or 4 UL bands configured, the concurrent UL transmission is on at most 2 bands.
Proposal 8: No need to define RF requirements for UL 3/4 bands CA.


	R4-2211909
	Apple
	Title: On UL Tx switching across 3 or 4 bands
Observation 1: extra UE complexity can be foreseen depending on UE implementation to support alt.1 and alt.3.
Observation 2: no significant UE complexity can be foreseen to support alt.2. Existing switching period agreed in R16/R17 can be reused.
Observation 3: if another Tx chain is in the same band involved in the switching, it is not expected to be used for Tx during switching period. Even if the Tx chain is in another band which is not involved in the switching, interruption may also be needed depending on UE implementation and band combination.
Proposal 1: conservatively, RAN4 shall confirm the assumption from RAN1 that “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.”

	R4-2212218
	MediaTek Inc.
	Title: Discussion and draft Reply LS on UL Tx switching across 3 or 4 bands in Rel-18
Proposal 1: It is RAN4 understanding that due to potential phase change or load change on TX LO, 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
Proposal 2: Tx switching time from UE hardware preparation perspective for NR CA, the procedure has no difference for one Tx switched to another Tx thus the set of values for switching time can be re-used. But in Rel-18, the switching time may not be same with that of R-17/16 due to the band pairs of switching may belong to different higher order combinations or implementation. 
Proposal 3: The UE capability signalling structure may be extended to 3 or 4 bands cases due to more complicated Tx switching behaviour that are implementation dependent. 
Proposal 4: Tx switching time shall not be suppressed when there is MTTD between uplink carriers. The network scheduling shall include considering additional MTTD when Tx switching is triggered.
Proposal 5: RAN4 agree on TP for LS reply in the Annex

	R4-2212284
	CMCC
	Title: Scenarios and switching period for UL Tx switching across 3 or 4 bands
Proposal: Reuse switching period for Rel-18 UL Tx switching across 3 or 4 bands, i.e. 35us, 140us, 210us.

	R4-2212385

	NTT DOCOMO INC.
	Title: Initial views and draft LS on Rel-18 Multi-carrier enhancements
Observation 1: 
· Alt.1 is straightforward extension for 3 or 4 bands based on Rel-17 UL Tx switching, and number of switching cases is increased from 2 bands case especially for CA option 2.
· Alt.2 would also need to support same number of cases as in Alt.1 but candidate cases for dynamic switching can be limited by DCI or MAC-CE indication. To select appropriate candidate configurations for each Tx chain based on the DCI or MAC-CE indication, certain time duration may be necessary, and same/similar processing can be done in Alt.1 if there is sufficient time between scheduling DCI and PUSCH transmission.
· Alt.3 limits candidate cases for dynamic switching by setting anchor band. Although the candidate band for switching from non-anchor band can be limited to anchor band only, the candidate bands for switching from anchor band would not be limited and any non-anchor band can be the candidates. In that sense, maximum number of candidates for switching at a time would be same as in Alt.1.
Observation 2: There would be no significant difference on complexity among Alt.1/2/3 while there would be performance degradation in Alt.2/3 compared with Alt.1 due to scheduling limitation.
Observation 3: From UE implementation perspective, so far, there would be no reason to introduce larger switching period in case of 3 or 4 bands compared to 2 bands Tx switching, as switching pattern in terms of the number of Tx chains that reconfigure associated band is similar between 3 or 4 bands case and 2 bands case.
Observation 4: From system performance perspective, introducing larger switching periods than 210 us makes the feature less effective.
Proposal 1: RAN4 does not introduce larger value of switching period than those in Rel-17 in case of 3 or 4 bands for Rel-18 Tx switching.

Observation 5: For Pattern 4 in Figure 2.2-3 (e.g., Band A+B => band A+C), the band associated with one Tx chain does not get involved with switching at all, which is a new pattern not in Rel-17.
Proposal 2: The following assumption can be considered as a baseline UE capability/assumption for Rel-18 UL UL Tx switching across up to 3 or 4 bands
· When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain is also not expected to be used for transmission during the switching period
· Other advanced UE capability/assumption can also be considered, e.g., when one of the two Tx chains is triggered to switch from one band to another band while a band associated with another Tx chain does not get involved with the switching, another Tx chain can be used for transmission during the switching period. 
Proposal 3: Send RAN4 LS to RAN1 as described in appendix.


	R4-2212467
	Samsung
	Title: Discussion on UL Tx Switching Across 3 or 4 Bands and Reply LS
Observation 1: For Rel-18 UL Tx switching, only inter-band CA and SUL based Tx switching across up to 3 or 4 bands are in scope.
Observation 2: RAN1 has not yet concluded that dynamic TX carrier switching across all the support swtiching cases (i.e., across 3 or 4 bands) are possible.

For RAN4’s reply to RAN1 LS (R1-2205502), the following proposals are provided: 
Proposal 1: RAN4 provide the following reply to Q1 raised in RAN1 LS: 
· ”RAN4 expects additional switching period would be of necessity since UE complexity is expected to be increased to handle additional bands in RF switches, for TX switching across 3 or 4 bands in comparison to 2 bands.
· For a certain pair of switch-to and switch-from bands, RAN4 see no strong necessity of adding new values or increasing the values of Rel-16/17 UE capability options for TX switching period in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. But the detailed values may depend on specific band combinations, which still need further study. 
· TX switching period required depends on whether or not dedicated PA and/or PLL are prepared for the UL carrier in the switch-to band.” 
Proposal 2: RAN4 provide the following reply to Q2 raised in RAN1 LS: 
· ”RAN4 see the proposed assumption can’t be hold for all UE implementations. Specifically, coupling effects of reloaded PLL, retuning of RF parts or BB clock base, or DAC sampling rate change in the TX chain with TX switching may also have impact on another TX chain’s transmission during the switching period.” 


	R4-2212613
	Xiaomi
	Title: Discussion on switching time for multi-carrier enhancement
Observation 1: For Alt.1/2/3, it is expected UE complexity is not increased by increasing band number to 3 or 4 because up to 2 Tx simultaneous transmissions are still restricted for 2 RF chain architecture. The number of PLL and switch may be increased based on UE capability.
Observation 2: For Alt.1/2/3, no impact is observed on the switching period. The switching period, i.e. 35us, 140us, 210us specified in Rel-16 and Rel-17 can be reused for Rel-18.

	R4-2212807
	vivo
	Title: Discussion and Reply LS on UL Tx switching across 3 or 4 bands in Rel-18
Observation 1: Careful analysis is needed in case restriction would be applied such as Alt.2/3 in RAN4 selection. 
Observation 2: Switching period is highly depended on implementation, and new options of longer period can be considered depending on different scheme alternatives.
Observation 3: Those numbers may also impact the feasibility of alternatives.
Observation 4: Whether different requirements between different band pairs within the combination also need some consideration. 

Proposal 1: RAN4 can reply RAN1 some preliminary agreements if concrete numbers with different schemes are difficult to be agreed in short notice. 
Proposal 2: RAN4 can consider the baseline as in the LS, this keeps the simplicity while do not preclude future extension possibilities.


	R4-2213308
	OPPO
	Title: R18 Discussion on Tx switching for 3 or 4 bands
Observation 1:    From RF perspective, Tx switching time is caused by PLL/Tx chain/Power supply adaptation, and 210 was the worst case where all the Tx components are reconfigured. 
Observation 2:    Rel-18 Tx switching need to select Tx bands from more candidate bands and then indicate UE to do switching which may cause some signaling delay, but this is out of the scope of Tx switching time requirement in RAN4 which focus on hardware switch delay.
Observation 3:    No additional switching time is observed from RF point of view, and legacy 35us, 140us and 210us can be reused.

Proposal 1:         Reuse Rel-16 Tx switching time 35us, 140us and 210us for Rel-18 Tx switching from hardware point of view and it is up to RAN1 whether additional scheduling delay is added.

Observation 4:    Tx interruption was caused by the interference between frequency synthesizers, when one of the frequency synthesizers turn on it will cause interference to the other frequency synthesizer in operation. Same issue exists when the bands increase to 3 or 4.

Proposal 2:         Confirm RAN1 assumption that “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”.


	R4-2213381
	ZTE Wistron Telecom AB
	Title: Draft reply LS on UL Tx switching across 3 or 4 bands in Rel-18
Observation 1: A one-time additional switching period associated with each band pair swapping is required, and RAN4 may study further whether or not to introduce any additional requirement.
Observation 2: For Alt. #1, if applying one identical switching period for all band pairs in a band combination, there may be a restriction on forming a band combination supporting Rel-18 UL Tx switching at cost of flexibility and applicability.
Observation 3: For Alt. #1, applying one identical switching period for any band pair in the band combination may offset the potential performance benefits of UL Tx switching across more than 2 bands.

Observation 4: Alt. #2 outperforms in terms of performance and applicability where the switching period for a band pair same as Rel-16/17 may apply.

Observation 5: Alt. #3 is a sub-case of Alt. #2.
Observation 6: The UE assumption/behavior in case of the UL Tx switching across 3 or 4 bands may not apply for some case with band pair swapping.

Proposal 1: Send the reply LS as in Annex to RAN1.


	R4-2213569
	Sony
	Title: Views on switching time UL Tx switching across 3 or 4 bands in Rel-18
Observation 1	The switching time does not directly depend on the number of frequency bands. However, the increased number of frequency bands may lead to a design where the RF chain is shared between bands to a larger extent and may also lead to a larger frequency separation between the bands. This is more challenging for shorter switching period implementation.
Observation 2	The switching time defined by RAN4 for two carriers may be sufficient for the case of 3 or 4 bands.

	R4-2213628
	Huawei, HiSilicon
	Title: Discussion on Multi-carrier enhancements
Observation 1: Similar to Rel-17, fast UL Tx switching via DCI scheduling can be enabled in Rel-18 if a UE has adequate memory to store information for each band.
Observation 2: From UE complexity perspective, as number of bands increases, the required size of memory increases.
Observation 3: The same mechanism of memory sharing is applicable to both UL-CA Option 1 and 2. But with the same limited UE memory size, there is more scheduling restriction to minimize transmission interruption for UL-CA Option 2 than Option 1 simply because more UE memory are occupied at one time for Option 2 than Option 1.

Proposal 1：In the scenarios of UL Tx switching among 3 bands and 4 bands (with & without SUL), the switching period range {35us, 140 us, 210us} in Rel-17 is reused for switched UL or dual UL.
Proposal 2：In the scenarios of UL Tx switching among 3 bands and 4 bands (with & without SUL), all configured UL carriers are always interrupted during a switching period.
Proposal 3: For dynamic UL Tx switching across 3 or 4 bands, in order to reduce UE complexity, the sharing of UE memory across bands and its required flushing & reloading time should be taken into account.
Proposal 4: For dynamic UL Tx switching across 3 or 4 bands, to support a sharing of UE memory across bands, 
· When memory is flushed and reloaded, more PUSCH preparation procedure time is needed for both Option 1 and Option 2, whose increased time can be reported by UE. FFS: exact time value.
· The memory flushing required by the preparation of a transmission scheduled by a latest UL grant should not impact any ongoing UE transmission on any bands that are scheduled before the UL grant. FFS: the minimum gap between the transmission scheduled by a UL grant and the previous transmission that may share the same UE memory.
Proposal 5: The memory issue is related to preparation time. RAN4 should sent an LS to RAN1 about the UE implementation complexity due to memory, and RAN1 would consider the impact of memory when discussing preparation time. 

	R4-2213632
	Huawei, HiSilicon
	Title: draft reply LS on UL Tx switching across 3 or 4 bands in Rel-18
Issue 1: RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands.
Answer:  In RAN4’s understanding, the switching period due to PLL retuning and parameter loading is not affected by the increased number of the switching bands. The switching period range {35us, 140us, 210us} in Rel-17 can be reused for switched UL and dual UL in Rel-18. Meanwhile, potential complexity issue of memory sharing among 3 or 4 bands has been discussed in RAN4, which could result in longer preparation time due to dynamic Tx switching. RAN4 thinks how to address the issue of the memory sharing should be further discussed in RAN1, and reflect it in the UE PUSCH preparation procedure time if necessary. 

Issue 2: RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behaviour 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.”
Answer: RAN4 confirms that the assumption by RAN1 is still valid for Tx switching across 3 or 4 bands, i.e. both Tx chains are not expected to be used for transmission during the switching period.


	R4-2214043
	Qualcomm Incorporated
	Title: UL TX switching schemes for multiple TAGs
We made following observations:
Observation 1: It should be discussed if supporting TX switching scheme for 3 or bands with simultaneous transmissions limited to 2 bands mean UE has to support simultaneous transmissions on any permutations of the three or four bands?
Observation 2: If UE is expected to support UL CA between any permutation of the 3 or 4 band TX switching, all the permutations for 2 and UL CA has to be defined before the 3 or 4 band combination is defined. 
Observation 3: In case one band pair is difficult to implement, this may prevent band combo of A+B+C definition and implementation.  
Observation 4: WI scope is not defined for how many of the bands out of 3 or 4 would have 2 connectors. 
Observation 5: Scope of the WI is limited such way that only one band among 3 or 4 bands that are part of the configured TX switching scheme can have intra-band UL CA configured 
Observation 7: Alt.3 is not fully clear from the LS [2] for Ran4 purposes but it still reduces the switching complexity
Observation 8: Switching time can be increased by 210/35 from 2 band TX switching case to 4 band TX switching case and still 4 band case brings benefits
And made the following proposals

Proposal 2: Reply RAN1 that from UE complexity reduction point of view, the Alt.3 with anchor band defined is RAN4 preference. 
Proposal 3: RAN4 will reply to RAN1 that existing switching times for TX switching should be re-used from earlier releases.
Proposal 5: Switching time is a UE capability per band pair for band combinations involving more than two bands



[bookmark: _Toc79478137]Open issues summary
[bookmark: _Toc79478141]Sub-topic 2-1: Switching period for Tx switching across 3/4 bands
· Background: In RAN1 LS in R1-2205502, the following question was asked:
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands.

Issue 2-1-1: Set of values for Tx switching period
· Proposals
· Option 1: Reuse the same set of values as in Rel-16/17, i.e, {35 us, 140 us, 210 us} for UL CA and SUL (Nokia, China Telecom, MTK, CMCC, NTT DOCOMO, Samsung - for certain band pairs, Xiaomi, OPPO, [Sony], Huawei, Qualcomm)
· Option 2: Need further study (Samsung - for some band combinations)
· Recommended WF
· Is option 1 agreeable?
	Company
	Comments

	NTT DOCOMO
	Our preference is option 1 as we described in our paper.

	Qualcomm
	Ok with opt 1

	China Telecom
	Our preference is option 1 as we described in our paper.

	Huawei, Hisilicon
	We agree with option 1. The switching period is defined as per-band pair. However, in the case of Tx switching with two band pairs, the switching period should be defined as that of the band pair with longer switching gap. Thus the values in Rel-16/Rel-17 should be reused. 

	Samsung
	We would like to clarify that Option 1 is also our preference if we are talking about reusing existing or introducing new options of TX switching period for UE capability. Our comment for “a certain band combination”, is related to Issue 2-1-3. 

	Xiaomi
	We support option 1. From the perspective of RF requirement, the legacy switching period can be reuse for Rel-18. 

	OPPO
	Option 1

	ZTE
	Fine with Option 1.

	Nokia
	Option 1

	CMCC
	We support Option 1

	Sony
	Option 1

	vivo
	We can accept option 1.

	MediaTek
	Option 1 as proponent.

	Apple
	Fine with Option 1



Issue 2-1-2: Granularify of Tx switching period
· Proposals
· Option 1: The length of switching period is applied per band pair for each band combination (Nokia, China Telecom, MTK, Samsung, QC)
· Option 1A: 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 (China Telecom) 
· Recommended WF
· Is option 1 agreeable?
· Feedback on the option 1A is encouraged.
	Company
	Comments

	Qualcomm
	Moderator wf is agreeable

	China Telecom
	Support option 1 and option 1A.

	Huawei, Hisilicon
	We support Option 1, and on top of the option, option 1A as a further clarification is also ok for us.

	Samsung
	Option 1. 
For R17 2TX-2TX switching, which is not supported in R16, the same or different value of switching period can be reported. For R18, each band pair within a BC will be discussed for both 1TX-2TX and 2TX-2TX based on UE capability, which seems don’t need additional differentiation. 

	Xiaomi
	Support option 1 and option 1A. For each band pair, the switching time should be based on UE reporting and may be different for different switching cases.

	OPPO
	Option 1 and 1A are ok, i.e. per band pair per BC and for each band pair the period could be different for 1T-2T and 2T-2T.

	ZTE
	Ok with Option 1 and Option 1A.

	Nokia
	The Option 1A needs clarification, and perhaps, it seems misleading to say that in Rel-17 different switching cases may lead to different gap duration. There is one gap duration for a band combo in Rel-16 1T-2T capability and another one in the Rel-17 2T-2T. But 2T-2T capability is used for all switching cases if it is reported and 2T-2T mode is configured.
38.214 Rel17: The switching gap  is indicated by UE capability uplinkTxSwitchingPeriod2T2T [Rel-17] if uplinkTxSwitching-2T-Mode[Rel-16] is configured, and uplinkTxSwitchingPeriod otherwise

	CMCC
	We support option 1 and option 1A

	Sony
	Option 1 and 1A

	vivo
	Ok with these both two options.

	Apple
	OK with Options 1 and 1A

	
	



Issue 2-1-3: Exact value of Tx switching period
· 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)
· 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. (MTK, QC)
· Recommended WF
· Further discuss
	Company
	Comments

	Qualcomm
	Switching between larger set of band may need different mechanisms in the UE. This also depends on sub topic 2-3. 
Edit: Agree with Nokia below. We observe two open items:
1) Option 1 says UE does not need to report but is it allowed to report different value for band pair if it is part of ¾ band switching scheme compared to if band pair is only part of two band switchinf scheme?
2) It seems we are also discussing PUSCH preparation time and something more all coming to UL outage time
Maybe reply to ran1 could be that the same set of values is used but in some case some UE may need to report different value

	China Telecom
	Our preference is option 1. 
As analysed in our paper, for Rel-18 with alternative 1 of the switching mechanism, although the configured bands is increased to be 3 or 4, the switching is still conducted between 2 bands for each switching occasion, with the same UE switching behavior as in Rel-16/17.

	Huawei, Hisilicon
	We support Option 1. The reason that UE reports switching period for Rel-16 and Rel-17 separately is that the switching period of 1Tx-2Tx and 2Tx-2Tx could be different. However, we didn’t see any different Tx switching pattern within band pair from which defined in Rel-16/Rel-17.

	Samsung
	Option 2: For TX switching across 3 or 4 bands, if dedicated PA and PLL are prepared for the UL carrier in the switch-to band, we see no extra switching period is required, i.e., 35us is usually regarded as the switching time required if dedicated PA and PLL are prepared. If no dedicated PA and PLL are prepared and reload processing time is needed, we expect additional switching period would be of necessity since UE complexity is expected to be increased to handle additional bands in RF switches, for TX switching across 3 or 4 bands in comparison to 2 bands. But the detailed values may depend on specific band combinations, which still need further study.

	Xiaomi
	We support option 1 and share the similar view with China Telecom and Huawei. Rel-18 also considers up to two simultaneous uplink transmission that is the same as Rel-16/17. For each band pair, the switching period would be varied from different switching case based on UE capability but the legacy set of switching period is able to cover that. At least from the RF perspective, there is no need to enlarge the switching period. Other processing time such as PUSCH preparation time can be further considered.

	OPPO
	Option 1 and 2, both ok. And in option 2, the different value here means the reported value could be different for different band pairs but still within those values in Rel-16/17.

	ZTE
	Option 1. Both Alt.1 and Alt.2 can rely on Rel-16/17 Tx switching.

	Nokia
	It’s too early to select one of them. We need to clarify each of the proposals and need to see how it looks and have a common understanding on them. Then, we discuss pro and cons on each proposal.
Suppose a switching period for CA_n1-n2 is X us.
If a UE supports Tx switching across n1, n2 and n3, then, does option 1 says that X us is applicable to a case CA_n1-n2 is the UL?
On the other hand, does option 2 say that the value may not be always the same as that of X us?

	CMCC
	We support option 1. 

	Sony
	Option 2

	vivo
	Support option2. This would provide more flexibility compared option 1. 

	Apple
	Option 2

	
	



Sub-topic 2-2: Impact from switching of one Tx chain on the other Tx chain
· Background: In RAN1 LS in R1-2205502, the following question was asked:
· 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.”

Issue 2-2-1: Impact on the band with the number of Tx chain changed due to switching
· Issue description
· When 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, is the other Tx chain expected or not expected to be used for transmission during the switching period?
· Proposals 
· Option 1: Not expected (China Telecom, Apple, MediaTek, NTT DOCOMO, Samsung, vivo, OPPO, ZTE, Huawei, HiSilicon)
· Recommended WF
· Is option 1 agreeable?
	Company
	Comments

	NTT DOCOMO
	Yes, as same with Rel-16/17.

	Qualcomm
	Agree w option 1.

	China Telecom
	Agree with option 1.

	Huawei, Hisilicon
	Agree. 
The case is Tx switching within two bands, same as Rel-16/Rel-17.

	Samsung
	We support Option 1. 

	Xiaomi
	We support option 1.

	OPPO
	Option 1.

	ZTE
	Option 1.

	Nokia
	Option 1

	CMCC
	Option 1

	Sony
	Option 1

	vivo
	Option 1

	MediaTek
	Option 1 as proponent. 

	Apple
	Option 1



Issue 2-2-2: Impact on the band with the number of Tx chain unchanged due to switching
· Issue description
· When 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”), is the other Tx chain is expected or not expected to be used for transmission on band C during the switching period?
Note: this is a new scenario/pattern not discussed in Rel-16/17 (NTT DOCOMO, China Telecom)
· Proposals 
· Option 1: Expected (China Telecom, ZTE, NTT DOCOMO - for advanced UE assumption)
· Option 2: Not expected (Apple, MediaTek, NTT DOCOMO - for baseline UE assumption, Samsung, vivo, OPPO, Huawei, HiSilicon) 
· Recommended WF
· Further discuss
	Company
	Comments

	NTT DOCOMO
	Our preference is option 1. But, based on companies’ contributions, we understand that some UEs share LOs between different Tx chains. So, even if band C is not involved in Tx switching, Tx chain for band C cannot be used during the Tx switching from Band A to B in the other Tx chain.
Therefore, our proposal is to apply option 2 as a baseline assumption, but as an advanced UE capability, we would like to discuss 0 us of the switching periods for the specific scenario in issue 2-2-2.

	China Telecom
	Support option 1.
In this case, for band C, the Tx chain used is unchanged before and after the switching, so UL transmission can be maintained during the switching period.
For system performance perspective, if the switching between band A and band B will bring UL outage on band C, unexpected performance degradation will be observed. 

	Huawei, Hisilicon
	We support Option 2. The UE would load parameters during the switching period and PLL pulling could also cause the interruption, thus the Tx chain in band A is not expected to be used for transmission. It is straight-forward to ensure the performance on both of the Tx chains to reserve the UL outage time.

	Samsung
	Option 2. TX switching will incur interruption to another TX chain (even on Band C, rather than the bands involved in TX switching), which comes from the fact that the coupling effects of reloaded PLL or retuning of other RF parts or BB clock base may need to be modified. Furthermore, the DAC in the TX chain with TX switching may have to be halted because TX switched DAC sampling rate is changed. Based on all these reasons, the switching time needs to be applied to the Tx chain without TX switching too.

	OPPO
	Option 2. Same view as HW and SS.

	ZTE
	Option 1. This corresponds to band pair swapping, which is not in Rel-16/17.

	Nokia
	We support Option 1.

	CMCC
	We are OK to consider option 2 as a baseline. And we would like to further discuss option 1 as UE capability with 0us switching time as DOCOMO suggested.

	Sony
	Option 2

	vivo
	Option 2. This should be a starting point.

	Apple
	Option 2; RF front end reconfiguration associated with the switching scenarios is highly implementation and band combination dependent.  Agree with Samsung’s insightful comment.

	
	

	
	



Sub-topic 2-3: Possible mechanisms for dynamic Tx carrier switching across the configured bands
· Background: Text from RAN1 LS in R1-2205502
In addition, RAN1 is under discussion to identify possible mechanisms for dynamic Tx carrier switching across the 3 or 4 configured bands and following agreement was made.
Agreement 
· Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded

Issue 2-3-1: Comparison of the 3 alternatives
· Preferred alternative
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission (NTT DOCOMO, CMCC, China Telecom)
· NTT DOCOMO: no significant difference on complexity among Alt.1/2/3 while there would be performance degradation in Alt.2/3 compared with Alt.1 due to scheduling limitation.
· CMCC: Dynamic switching among 3 and 4 carriers is beneficial in our band combinations.
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17 (ZTE)
· ZTE: Alt. #2 outperforms in terms of performance and applicability where the same switching period for a band pair as Rel-16/17 may apply. Alt. #3 is a sub-case of Alt. #2.
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band (QC)
· QC: From UE complexity reduction point of view, the Alt.3 with anchor band defined is preferred. Out of the Alt.2 and Alt.3, the Alt.3 provides more flexibility.
· Recommended WF
· Further discuss
	Company
	Comments

	NTT DOCOMO
	Firstly, RAN1 is discussing the down selection of 3 alternatives, so we think RAN4 can discuss the complexity of each alternative, but the final decision will be done by RAN1.

As we discussed in our paper, Alt. 1 is straightforward extension for 3 or 4 bands based on Rel-17 UL Tx switching. 
And we think the same/similar processing with Alt 2 based on the DCI or MAC-CE indication can be done in Alt.1 as well if there is sufficient time between scheduling DCI and PUSCH transmission.
Regarding Alt.3, we think we need to understand more the detail of procedure, but by seeing the related contributions, we understand that no transmission can be done on the anchor band, for example, A+A to B+C to A+C and so on, which means the number of possible switching cases is the same with Alt. 1. 

	Qualcomm
	A straight forward extension does not exist, this is new case when UE is maintend to track more bands than it has simultaneous TX capability for. The Alt 3 does not converge to alt 1 since the dynamic switching happens via band A and never from B to C. Ue needs to keep track which TX goes to which band. 

	China Telecom
	We agree with NTT DCM that the decision of the switching mechanism will be made by RAN1. 
Meanwhile, from RAN4 perspective, we can discuss the feasibility of the 3 alternatives from UE implementation perspective, and provide our inputs to RAN1 if any agreements can be reached.  

	Huawei, Hisilicon
	We support Alt.1
Alt.2 would lead to extra-long UL interruption when the switching is between band groups of two bands. Higher package loss rate and less scheduling flexibility are also defects of Alt.2.
In the perspective of performance, Alt.3 is worse than Alt.1 due to scheduling restrictions with reference to R1-2205863.
Alt.1 could have the best performance with full scheduling flexibility.

	Samsung
	Would like to clarify more from companies with proposals here: Does RAN1 require RAN4 to provide analysis and preference among Alt.1 – 3? Seems RAN1 has the similar discussion on these in the same meeting. Seems no necessity to continue this discussion, because the conclusion may have limited impact on RAN1 decision. 
We prefer the group to only focus on the questions RAN1 asked firstly. 

	Xiaomi
	Seems RAN4 doesn’t need to spend efforts on the downselection for such three scheduling mechanisms and only needs to focus on switching period and UE complexity mentioned in the RAN1 LS. The discussion should be left up to RAN1.

	OPPO
	For clarification, what is the difference between Alt 1 and 2? When 3 or 4 bands are configured isn’t NW indicate which two bands are switching? To us it seems they are same.
For Alt 3, we would like to understand better why anchor band is needed from implementation complexity perspective. Thanks.

	ZTE
	Alt. 2.
As we analyzed, during band swapping UE may still be able to transmit, and it does not impact overall throughput. For Alt. 1, identical switching period may lead to the cost of flexibility and applicability and performance.
Alt.3 is a sub-case of Alt. 2.

	Nokia
	This is the topic that RAN1 is addressing. Hence, we don’t think RAN4 needs to discuss this and spend time on discussing this topic. 

	CMCC
	Among the three alternatives, we support Alt.1. In RAN1 LS, there is no request to ask RAN4 analyze the three alternatives. So our understanding is that RAN4 does not need to discuss the alternatives, RAN1 will make the decision.

	vivo
	Alt 3 seems would be more restrictive. 
Anyway, agree with Nokia that this is a RAN1 issue and not the question from LS. 

	MediaTek
	The alternatives are discussed in RAN1. Not sure whether RAN4 needs to discuss them?

	Apple
	Alt. 2



Issue 2-3-2: Switching cases for CA option 2 in alternative 1
· Proposals
· Proposal 1 (China Telecom): 
· For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), first confirm the feasibility that the 2 Tx chains can be switched between 2 different band pairs at the same time (e.g., Tx #1 from band A to band B, Tx #2 from band A to band C). 
· The dynamic switching among all other cases is feasible.
· Recommended WF
· Further discuss
	Company
	Comments

	China Telecom
	For the 1st bullet in proposal 1, the inputs from UE/chipset side would be appreciated.
For the 2nd bullet in proposal 1, we think it is reasonable.

	OPPO
	Proposal 1  first bullet is feasible at least for some UE for example with two separate PLL.
Second bullet is unclear the meaning of “all other cases”.

	ZTE
	Does the proposal apply to Alt. 1 only? 
Bullet 1 is a bit unclear. Switching can happen at the same time, or the completion of switching should be at the same time?

	Huawei, Hisilicon
	We suggest focusing on the UL CA option 1 first, and discussing option 2 afterwards. The UE complexity issue is mainly on CA option 2, rather than Option 1. We should try to make some progress starting with Option 1 considering the limited discussion time.

	Nokia
	We’d like to correctly understand the proposal before agreeing it. Is the below case included in above proposal? 
[image: Application
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We assume this is within the scope of Rel-18 MC_enh, but it needs to be discussed further if RAN4 specifies requirements for all the cases or not.

	vivo
	May still need more clarification of the question.

	China Telecom 2
	Response to ZTE: the question is whether switching can happen at the same time.
Response to Nokia: Yes, it is about the case you elaborated. It is also our understanding that this case in the Rel-18 scope, unless it is identified as unfeasible from UE side.

	MediaTek
	In our view for first sub-bullet in the proposal for CA option 2, not any two uplink CA band out of 3 or 4 bands can be supported. This is UE implementation dependent. For example for 3 band case, band A/B Tx shares one power supply source and band C use second power supply source. Thus such UE can never support ULCA=Band A+B. 
Then we talk about the feasibility whether the 2 different band pairs can be switched at the same time. This is feasible only when timing difference between the different band pairs is small enough such as single-TAG for all the band pairs.

	Apple
	The wording of this proposal is very cryptic; can the scenario be described in full without referring to previous issues?  In any case, if this scenario refers to Alt. 1 in Issue 2-3-1, then we are not OK with Alt. 1 as a starting point.

	
	

	
	

	
	



Issue 2-3-3: Interpretation of alternative 3
· Proposals
· Proposal 1: One issue to discuss is that the Alt.3 is not fully clear: does it mean that the anchor band always needs to be one of the transmit bands? (QC)
· Recommended WF
· Further discuss
	Company
	Comments

	NTT DOCOMO
	By seeing R1-2205052, it seems that anchor band don’t have to be one of the transmit bands.

	OPPO
	This probably is RAN1 discussion and concept if discussed in RAN4, better to have one dedicated paper about it. Otherwise RAN4 companies have to join RAN1…

	ZTE
	In our understanding, the answer is no.

	Nokia
	As commented issue 2-3-1, this will be discussed in RAN1 and out of scope of RAN4 unless we receive questions related to RAN4 from RAN1 via an LS. 

	vivo
	Should be RAN1 discussion.

	Apple
	We don’t fully understand the anchor concept in Alt. 3 and, generally, are not supportive of that option.

	
	

	
	

	
	

	
	

	
	

	
	



Sub-topic 2-4: PUSCH preparation time
Issue 2-4-1: PUSCH preparation procedure time / scheduling delay
· Proposals
· Proposal 1: (Huawei, see details in R4-2213628)
· For dynamic UL Tx switching across 3 or 4 bands, in order to reduce UE complexity, the sharing of UE memory across bands and its required flushing & reloading time should be taken into account.
· For dynamic UL Tx switching across 3 or 4 bands, to support a sharing of UE memory across bands, 
· When memory is flushed and reloaded, more PUSCH preparation procedure time is needed for both Option 1 and Option 2, whose increased time can be reported by UE. FFS: exact time value.
· The memory flushing required by the preparation of a transmission scheduled by a latest UL grant should not impact any ongoing UE transmission on any bands that are scheduled before the UL grant. FFS: the minimum gap between the transmission scheduled by a UL grant and the previous transmission that may share the same UE memory.
· The memory issue is related to preparation time. RAN4 should sent an LS to RAN1 about the UE implementation complexity due to memory, and RAN1 would consider the impact of memory when discussing preparation time. 
· Proposal 2: It is up to RAN1 whether additional scheduling delay is added (OPPO)
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei, Hisilicon
	The memory issue is related to preparation time, which has already been discussed in last RAN1 meeting. Here we discuss the issue just because it is closely related to UE implementation. As analyzed in our contribution, the implementation complexity can be retained if additional memory flushing and reload time could be considered for some cases. Since preparation time is reflected in the RAN1 specification, RAN4 should sent an LS to RAN1 about the UE implementation complexity due to memory, and RAN1 could consider the impact of memory when discussing preparation time

	Samsung
	New issue to be discussed in RAN4 firstly, prefer to have it FFS. 

	Xiaomi
	PUSCH preparation procedure time or scheduling delay if identified among RAN4 can be reflected in the reply LS. But the final decision on such processing time should be left up to RAN1.

	OPPO
	Proposal 2 means any additional scheduling time is needed should be decided RAN1 for example the chosen/configuration of two bands from 4 bands, etc.
Regarding proposal 1, seems is not a RF issue, probably more like an implementation issue and can be solved by UE itself?

	ZTE
	On Proposal 1, whether or not UE memory is shared across bands is an implementation issue. 
On Proposal 2, scheduling delay does not impact RAN4 RF requirements.

	Nokia
	We don’t agree with proposal 1. We support proposal 2 by OPPO. This must be addressed in RAN1.

	vivo
	Not sure whether this issue is really need to be discussed/decided in RAN4.

	Apple
	We are open to discuss the impact on PUSCH preparation time, although memory management is up to UE implementation.

	
	

	
	

	
	

	
	



Sub-topic 2-5: Other issues
Issue 2-5-1: Concurrent UL transmission on 2 bands
· Proposals
· Option 1: For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands is depending on whether UL CA on the 2 bands is supported or not. (China Telecom)
· Option 2: If UE is expected to support UL CA between any permutation of the 3 or 4 band TX switching, all the permutations for 2 and UL CA has to be defined before the 3 or 4 band combination is defined. (QC)
· In case one band pair is difficult to implement, this may prevent band combo of A+B+C definition and implementation.
· Recommended WF
· Further discuss
	Company
	Comments

	Qualcomm
	We are fine with the option 1, if the intention is that “whether UL CA on the 2 bands is supported or not by the UE”. Option 2 more observation. 

	China Telecom
	Option 1 with the additional clarification by QC is ok.

	Huawei, Hisilicon
	We support Option 1.
 We think that for 3 or 4 band combinations supporting Tx switching, it doesn’t mean that all permutations of 2-band UL CA should be supported. Even in the current specification, we noticed that for some band combination, not all UL CA configurations are defined, which should be up to the requests from operators as well as the consideration of implementation possibility. 

	Samsung
	Option 1 is reasonable to us.  As indicated by the guidance from last RAN-P, “UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed”, there should be no contradicting information between concurrent UL transmission and UL CA capability. 

	Xiaomi
	We support Option 1. Option 2 seems a reasonable observation. Concurrent UL transmission on 2 bands should be based on UL CA capability. 

	OPPO
	For clarification about Option 1. 
Does UE will indicate which band pairs from the 3/4 bands combination support Tx switching or UE has to support all the band pairs Tx switching as long as it supports the corresponding CA?

	ZTE
	In our views, Option 1 and 2 do not exclude each other. Option 1 says the support of switching between any permutation of 3 or 4 bands is not required, and Option 2 tells the consequence if it is required.

	Nokia
	Needs clarification. This is related to issue 2-1-3 and one of the issue 2-1-3 or 2-5-1 must be addressed first after more clarification is made by proponents.

	CMCC
	Support option 1. Support of UL CA depends on UE capability. Option 2 is more like a observation.

	vivo
	Option 1 seems reasonable.

	MediaTek
	Option 1. For 3 or 4 bands, it is difficult for UE to support any permutation of the 2-band uplink CA out of 3 or 4 bands. But we agree that all the permutations for supported 2 band UL CA has to be defined before the 3 or 4 band combination is defined.

	Apple
	Option 2 seems like common sense, since the scenario where the UE supports 2-band uplink is inter-band UL CA, and we need to have requirements for all two-band permutations of the 3 or 4 bands defined before defining switching requirements.
Regarding Option 1, how would it be possible for the UE to support the switching feature and NOT support UL CA for the 2 bands?

	
	



Issue 2-5-2: 2Tx support on different bands
· Proposals
· Option 1: 2Tx is supported at least on one of the 3/4 bands, similar to Rel-16/17 switching scenario. (China Telecom, [QC])
· QC: WI scope is not defined for how many of the bands out of 3 or 4 would have 2 connectors.
· Recommended WF
· Further discuss
	Company
	Comments

	NTT DOCOMO
	Option 1 is OK to us.
Regarding how many of the bands would have 2 connectors, our understanding is that this aspect is being discussed in RAN1. So, we think it may be better to wait for RAN1 conclusion.

	Qualcomm
	Implementation complexity is also ran4 concern. We in ran4 can decide not to define specs for some case, same as any WI. 
Edit: Motivated by Samsugn question below, the intention here is to understand the scope of the WI. In case someone missed this in the paper, requirements in ran4 are written for 2 band case separately when one band has 2Tx and when both bands have only 1Tx and different requirements depending on which bands has the switching period. If that is projected to 3 and 4 band case and especially if we go through the cases where 1 and 2 and 3 and 4 bands have 2 Tx and switching periods of each of them separately, the maginute of the work ran4 has to do to complete those requirements increases quite a lot. And to add to this, we have 1 TAG and 2 Tag cases to handle. So any input how we could narrow down the possible options would be helpful. 
We do not have agenda to limit the scope but to clarify the scope.   

	China Telecom
	Agree with option 1. From RAN4 perspective, 2Tx on FR1 lower bands would not be supported by all UEs.
For the maximum number of bands supporting 2Tx, if any restriction is needed, we are ok to discuss in RAN1. 

	Huawei
	Option 1 is ok for us. This is not a new issue, not sure why we consider this proposal here and what’s the impact to 3/4 band Tx switching discussion. 

	Samsung
	We have no strong preference on Option 1. But we would like to have the clarification from proponent company that what is the intention of this Option1? To feedback RAN1 with more implementation limitation? Or prepare RAN4-specific limitation which is not relevant to RAN1?

	OPPO
	Option 1 is ok but some clarification of this feature is needed: 
1. Suppose 2Tx is supported in band A (high freq band), and 1Tx in band B and band C (low freq bands), then the Tx switching will only happen between band A-B, A-C, and cannot happen between band B-C? 
Or it depends on NW scheduling and can happen between any band pairs? If Yes, then is it still necessary to have this 2T limitation in one band combination?

	ZTE
	We agree with Option 1. Tx switching with MIMO is one of the original motivations of introduce the feature.

	Nokia
	This will be discussed in RAN1 as well and we need to consider both UE complexity as well as spec/signaling complexity. Assumption that all the bands are 2Tx capable may mitigate UE capability aspects.

	CMCC
	We support option1.  Among the 3 or 4 bands, how many bands can support UL MIMO depends on the spectrum operator holds. For example, in our scenario, n41, n79, n34, n39 all can support UL MIMO; while other bands like n28 and n3 only have 1Tx.

	MediaTek
	We are fine with option 1 but we share comments from Qualcomm and OPPO. The scope needs to be clarified. 
It also need to clarify that does the multi-TAG include NR DC operation in the WI?

	Apple
	Agree with Qualcomm comment that the potential scope is very large. Would it help to consider example band combinations as a starting point?  This could at least help to prioritize the scenarios for us to consider, and then we can proceed in a contribution-driven manner.  The list of band combinations can also be helpful to understand operator interest.

	
	

	
	



Issue 2-5-3: Support of intra-band UL CA
· Outcome in RP-221880 at RAN#96
RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands in Q3 2022
· ….
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Further check additional scenarios in RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching
· Observation according to the outcome in RP-221880
· Observation 1: Scope of the WI is limited such way that only one band among 3 or 4 bands that are part of the configured TX switching scheme can have intra-band UL CA configured. (QC)
· Recommended WF
· Further discuss
	Company
	Comments

	Qualcomm
	Would prefer to do requirements maximum for one band with intra-band CA. Maybe not even that. This is quite complex as is, if anyone has read the specification for the rel-16&17.   
Edit: To Xiaomi will you provide a paper to plenary on this topic with your opinions? It would be helpful so that the scope could be clarified. And even so, ran4 can decide not to write requirements for all possible cases ran1 has defined.

	Huawei
	If that is a RAN decision that only one band among 3 or 4 bands can support intra-band UL CA, we are ok with it. In our view, the WI scope should be determined by RAN. 

	Samsung
	O1 is aligned with our understanding. 

	Xiaomi
	This is related to the scope of this work item. Seems not proper to discuss this in RAN4 and further clarification if any can be discussed in RAN plenary.

	ZTE
	In each supported band pair in the band combination, there should be at most one band having 2CCs during the actual switching.   

	Nokia
	Observation 1 is aligned with an objective of the WID.

	CMCC
	The RAN plenary guidance is for discussion in Q3. We believe the discussion about multicarrier enhancement scenarios will be further discussed in next plenary meeting. So it seems no need to discuss in this RAN4 meeting.

	vivo
	Not have to decide in this meeting.

	Ericsson
	The Observation 1 can perhaps serve as a starting point for the work.

	
	

	
	

	
	



Issue 2-5-4: RF requirements for UL 3/4 bands CA
· Proposals
· Option 1: No need to define RF requirements for CA with UL 3 and 4 bands in the WI. (China Telecom)
· China Telecom: Although there are 3 or 4 UL bands configured, the concurrent UL transmission is on at most 2 bands.
· Recommended WF
· Further discuss
	Company
	Comments

	NTT DOCOMO
	Same understanding with option 1.

	Qualcomm
	As long as it means not simultaneous transmissions on 3 and 4 bands.

	China Telecom
	Support option 1. 

	Huawei
	We are ok with option 1.

	Samsung
	Support Option1.

	Xiaomi
	Support option 1.

	OPPO
	Option 1 ok.

	ZTE
	Fine with Option 1 with the clarification of max 2 concurrent transmission bands.

	Nokia
	Option 1

	CMCC
	Agree with option 1

	Sony
	Option 1

	vivo
	Option 1

	MediaTek
	Agree with option 1 and its sub-bullet

	Apple
	Agree with Qualcomm:  we will end up defining requirements for 3 and 4 band UL with non-simultaneous Tx operation.
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Sub-topic 2-1: Switching period for Tx switching across 3/4 bands
Issue 2-1-1: Set of values for Tx switching period
Summary of round 1 discussion
· Option 1: Reuse the same set of values as in Rel-16/17, i.e, {35 us, 140 us, 210 us} for UL CA and SUL (Nokia, China Telecom, MTK, CMCC, NTT DOCOMO, Samsung, Xiaomi, OPPO, Sony, Huawei, Qualcomm, ZTE, vivo, Apple)
Tentative agreement:
· Reuse the same set of values as in Rel-16/17, i.e, {35 us, 140 us, 210 us} for UL CA and SUL
Recommendation for round 2:
· Capture the tentative agreement in the LS to RAN1.

Issue 2-1-2: Granularity of Tx switching period
Summary of round 1 discussion
· Option 1: The length of switching period is applied per band pair for each band combination (Nokia, China Telecom, MTK, Samsung, QC, HW, Xiaomi, OPPO, ZTE, CMCC, vivo, Apple)
· Option 1A: 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 (China Telecom, HW, Xiaomi, OPPO, ZTE, CMCC, vivo, Apple) 
· Nokia comment on option 1A: The Option 1A needs clarification. But 2T-2T capability is used for all switching cases if it is reported and 2T-2T mode is configured.
Tentative agreement:
· The length of switching period is applied per band pair for each band combination
Recommendation for round 2:
· Capture the tentative agreement in the LS to RAN1.
· Clarify the wording for option 1A based on Nokia’s comment. 

Issue 2-1-3: Exact value of Tx switching period
Summary of round 1 discussion
· 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, HW, Xiaomi, OPPO, ZTE, CMCC)
· 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. (MTK, QC, Samsung, OPPO, Sony, vivo, Apple)
· Option 3: needs further clarification (Nokia) 
· Nokia: The two options need to be clarified. Suppose a switching period for CA_n1-n2 is X us.
· If a UE supports Tx switching across n1, n2 and n3, then, does option 1 says that X us is applicable to a case CA_n1-n2 is the UL?
· On the other hand, does option 2 say that the value may not be always the same as that of X us?
Recommendation for round 2:
· Continue discussion

Sub-topic 2-2: Impact from switching of one Tx chain on the other Tx chain
Issue 2-2-1: Impact on the band with the number of Tx chain changed due to switching
· Issue description
· When 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, is the other Tx chain expected or not expected to be used for transmission during the switching period?
Summary of round 1 discussion
· Option 1: Not expected (China Telecom, Apple, MediaTek, NTT DOCOMO, Samsung, vivo, OPPO, ZTE, Huawei, HiSilicon, QC, Xiaomi, Nokia, CMCC, Sony, vivo, Apple)
Tentative agreement:
· Not expected
Recommendation for round 2:
· Capture the tentative agreement in the LS to RAN1.

Issue 2-2-2: Impact on the band with the number of Tx chain unchanged due to switching
· Issue description
· When 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”), is the other Tx chain is expected or not expected to be used for transmission on band C during the switching period?
Note: this is a new scenario/pattern not discussed in Rel-16/17 (NTT DOCOMO, China Telecom)
Summary of round 1 discussion:
· Option 1: Expected (China Telecom, ZTE, NTT DOCOMO & CMCC - for advanced UE assumption, Nokia)
· Option 2: Not expected (Apple, MediaTek, NTT DOCOMO & CMCC & vivo - for baseline UE assumption, Samsung, OPPO, Huawei, HiSilicon, Sony, Apple) 
Recommendation for round 2:
· Check if the following proposal from DCM and CMCC is agreeable?
· Baseline UE assumption: Not expected 
· For advanced UE assumption: Expected

Sub-topic 2-3: Possible mechanisms for dynamic Tx carrier switching across the configured bands
Issue 2-3-1: Comparison of the 3 alternatives
Summary of round 1 discussion:
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission (NTT DOCOMO, CMCC, China Telecom, HW)
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17 (ZTE, Apple)
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band (QC)
· It is a RAN1 discussion (Samsung, Xiaomi, Nokia, CMCC, vivo, MTK)
Recommendation for round 2:
· No further discussion on this issue at this RAN4 meeting.

Issue 2-3-2: Switching cases for CA option 2 in alternative 1
Summary of round 1 discussion:
· Proposal 1 (China Telecom): For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), first confirm the feasibility that the 2 Tx chains can be switched between 2 different band pairs at the same time (e.g., Tx #1 from band A to band B, Tx #2 from band A to band C).
· OPPO: It is feasible
· HW: suggest focusing on the UL CA option 1 first
· ZTE: Switching can happen at the same time, or the completion of switching should be at the same time?
· China Telecom reply: the question is whether switching can happen at the same time.
· Nokia: Is the below case included in above proposal? We assume this is within the scope of Rel-18 MC_enh, but it needs to be discussed further if RAN4 specifies requirements for all the cases or not.
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· China Telecom reply: Yes, it is about the case you elaborated. It is also our understanding that this case in the Rel-18 scope, unless it is identified as unfeasible from UE side.
· MTK: This is feasible only when timing difference between the different band pairs is small enough such as single-TAG for all the band pairs.
Recommendation for round 2:
· Continue discussion. 

Issue 2-3-3: Interpretation of alternative 3
Summary of round 1 discussion:
· One issue to discuss is that the Alt.3 is not fully clear: does it mean that the anchor band always needs to be one of the transmit bands? (QC)
· Option 1: the anchor band does not need to be one of the transmit bands according to the related tdocs. (DCM, ZTE)
· Option 2: up to RAN1 discussion (OPPO, Nokia, vivo)
Recommendation for round 2:
· No further discussion on this issue at this RAN4 meeting.

Sub-topic 2-4: PUSCH preparation time
Issue 2-4-1: PUSCH preparation procedure time / scheduling delay
Summary of round 1 discussion:
· Proposal 1: (Huawei, see details in R4-2213628)
· For dynamic UL Tx switching across 3 or 4 bands, in order to reduce UE complexity, the sharing of UE memory across bands and its required flushing & reloading time should be taken into account.
· For dynamic UL Tx switching across 3 or 4 bands, to support a sharing of UE memory across bands, 
· When memory is flushed and reloaded, more PUSCH preparation procedure time is needed for both Option 1 and Option 2, whose increased time can be reported by UE. FFS: exact time value.
· The memory flushing required by the preparation of a transmission scheduled by a latest UL grant should not impact any ongoing UE transmission on any bands that are scheduled before the UL grant. FFS: the minimum gap between the transmission scheduled by a UL grant and the previous transmission that may share the same UE memory.
· The memory issue is related to preparation time. RAN4 should sent an LS to RAN1 about the UE implementation complexity due to memory, and RAN1 would consider the impact of memory when discussing preparation time. 
· Comment on Proposal 1:
· New issue, to be considered further (Samsung, Apple)
· Implementation issue to be resolved by UE (OPPO, ZTE)
· Proposal 2: It is up to RAN1 whether additional scheduling delay is added, and not discussed in RAN4 (OPPO, Nokia)
Recommendation for round 2:
· Further clarify this issue, as well as whether it can be raised by RAN4 or directly discussed in RAN1. 

Sub-topic 2-5: Other issues
Issue 2-5-1: Concurrent UL transmission on 2 bands
Summary of round 1 discussion:
· Option 1 (Updated): For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands is depending on whether UL CA on the 2 bands is supported or not by the UE. (China Telecom, QC, HW, Samsung, Xiaomi, CMCC, vivo, MTK)
· Questions to Option 1 
· OPPO: Does UE will indicate which band pairs from the 3/4 bands combination support Tx switching or UE has to support all the band pairs Tx switching as long as it supports the corresponding CA?
· Nokia: one of the issue 2-1-3 or 2-5-1 must be addressed first after more clarification is made by proponents.
· Apple: how would it be possible for the UE to support the switching feature and NOT support UL CA for the 2 bands?
Moderator’s observation:
· Regarding the question from OPPO, it seems related to the switching mechanism discussed in Issue 2-3-1.
· Regarding the question from Nokia, it seems the logic is that: in Issue 2-1-3, if it is agreed to reuse the same switching period for each band pair as UE reported in Rel-16/17, it means the switching period is reported per UL CA configuration (with 2 UL bands) as designed in Rel-16/17. For 2 UL bands without concurrent transmission ability (i.e., without UL CA ability), there will be no switching period reported by UE from Rel-16/17.
· Regarding the question from Apple, for CA with 3/4 bands configured, there is a possibility that UL CA with 2-band concurrent transmission is supported for part of the band pairs.  
Recommendation for round 2:
· In general, the principle in option 1 looks agreeable. Further clarification on option 1 is needed, and the relation with other issues needs also to be considered. 
· Possible wording improvement for option 1 (to be confirmed in round 2):
· 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. 

Issue 2-5-2: 2Tx support on different bands
Summary of round 1 discussion:
· Option 1: 2Tx is supported at least on one of the 3/4 bands, similar to Rel-16/17 switching scenario. (China Telecom, QC, DCM, HW,OPPO, ZTE, CMCC, MTK)
· Questions on option 1:
· Samsung question: the intention of this Option1? To feedback RAN1 with more implementation limitation? Or prepare RAN4-specific limitation which is not relevant to RAN1?
· QC feedback: the intention here is to understand the scope of the WI. 
· OPPO question: Suppose 2Tx is supported in band A (high freq band), and 1Tx in band B and band C (low freq bands), then the Tx switching will only happen between band A-B, A-C, and cannot happen between band B-C? Or it depends on NW scheduling and can happen between any band pairs? If Yes, then is it still necessary to have this 2T limitation in one band combination?
· Apple question: Would it help to consider example band combinations as a starting point?  
Related observation in RAN1 May meeting:
RAN1 Observation
Following possible switching configurations can be considered, and RAN1 may discuss if any of the following switching configurations need to be supported after making some progress on the discussion on the switching mechanism 
· For 3 bands case
· Switching configuration.3-1: all the 3 bands support up to 2Tx
· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx
· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx
· For 4 bands case
· Switching configuration.4-1: all the 4 bands support up to 2Tx
· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 
· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 
· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 
· Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands. 
Moderator’s observation:
· In general, “at least 1 band out of 3 or 4 bands shall support 2Tx” looks agreeable from RAN4 perspective, and the minimum and maximum numbers of bands that a UE shall support 2Tx across the bands are up to RAN1 decision.
· Regarding Samsung question, the support of 2Tx is related to UE implementation discussed in RAN4. If some agreement can be reached, we can send the information to RAN1.
· Regarding OPPO question, it is an issue to be considered, and perhaps to be discussed in RAN1. 
· Regarding Apple question, CMCC contribution in R4-2212284 can be referred to understand the scenarios. Other operators are also invited to provide the interested scenarios/band combinations.
Tentative agreements:
· Confirm if “at least 1 band out of 3 or 4 bands shall support 2Tx” is agreeable from RAN4 perspective. If so, inform RAN1 the agreement.
· The decision on the minimum and maximum numbers of bands that a UE shall support 2Tx across the bands is up to RAN1.
 Recommendation for round 2:
· Capture the agreement in LS to RAN1.

Issue 2-5-3: Support of intra-band UL CA
· Observation according to the outcome in RP-221880
· Observation 1: Scope of the WI is limited such way that only one band among 3 or 4 bands that are part of the configured TX switching scheme can have intra-band UL CA configured. (QC, HW, Samsung, Nokia, CMCC - yes for the current WI scope, and the scope is planned to be further discussed in RAN plenary, E///)
Tentative agreement:
· The observation 1 is aligned with the current WI scope approved in RAN plenary. Further update on the WI scope is not precluded and is up to RAN plenary decision. 

Issue 2-5-4: RF requirements for UL 3/4 bands CA
Summary of round 1 discussion:
· Option 1 (Updated): No need to define RF requirements for UL CA with UL simultaneous transmission on 3 and 4 bands in the WI. (China Telecom, DCM, QC, HW, Samsung, OPPO, ZTE, Nokia, CMCC, Sony, vivo, MTK)
· QC, Apple: Further discuss the need of RF requirements for 3 and 4 band UL with non-simultaneous Tx operation.
Tentative agreement:
· No need to define RF requirements for UL CA with UL simultaneous transmission on 3 and 4 bands in the WI. 
· Further discuss the need of RF requirements for 3 and 4 band UL with non-simultaneous Tx operation.
Recommendation for round 2:
· Capture the agreement in RAN4 WF.


[bookmark: _Toc79478148]Discussion on 2nd round

	Tdoc number
	Title
	Source
	Recommendation  

	R4-221446322xxxxx
	WF on UL Tx switching across 3/4 bands with single TAG
	China Telecom
	Agreeable

	R4-2214464R4-22xxxxx
	Reply LS on UL Tx switching across 3 or 4 bands
	China Telecom
	Approved 
Note: already sent to RAN1 and RAN2 MCC



Discussion on WF:
Sub-topic 2-1: Switching period for Tx switching across 3/4 bands
Issue 2-1-1: Set of values for Tx switching period
RAN4 agreements have been captured in the reply LS to RAN1.

Issue 2-1-2: Granularity of Tx switching period
RAN4 agreements have been captured in the reply LS to RAN1.

Issue 2-1-3: Exact value of Tx switching period
Summary of round 1 discussion
· 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, HW, Xiaomi, OPPO, ZTE, CMCC)
· 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. (MTK, QC, Samsung, OPPO, Sony, vivo, Apple)
· Option 3: needs further clarification (Nokia) 
· Nokia: The two options need to be clarified. Suppose a switching period for CA_n1-n2 is X us.
· If a UE supports Tx switching across n1, n2 and n3, then, does option 1 says that X us is applicable to a case CA_n1-n2 is the UL?
· On the other hand, does option 2 say that the value may not be always the same as that of X us?
Discussion in round 2:
· In moderator’s understanding, the example from Nokia does reflect the difference of option 1 and option 2.
· With this understanding, further discussion on the two options and possible compromised proposal are encouraged.
Proposed WF after round 2:
· Further discuss the two options in the next meeting:
· 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 Tx 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 Tx switching with 3/4 bands configured.

	Company
	Comments

	Nokia
	We’d like to discuss this after all other aspects related to signaling become clear. Option 1 has advantage in terms of signaling overhead reduction while the Option 2 has advantage in terms of switching performance meaning that a UE does not have to take max period among UL pairs with the different number of bands pool(2, 3 or 4) if the required periods are different.
CA_n1-n2 (across 2 bands) : period of 35 us
CA_n1-n2 (across 3 bands, e.g., n1, n2 and n3): period of 140 us
CA_n1-n2 (across 4 bands, e.g., n1, n2, n3 and n4): period 210 us
Option 1 may force UE to report 210 us while Option 2 allows UE to report the minimum required period for each case.

	China Telecom
	The main motivation of option 1 is not for reducing the singalling overhead, but not increase the switching time in the case with 3/4 bands configured.
In our understanding, in Nokia’s example above, 
If CA_n1-n2 (across 2 bands) : period of 35 us,
Then, CA_n1-n2 (across 3 bands, e.g., n1, n2 and n3): period of 35 us, 
and CA_n1-n2 (across 4 bands, e.g., n1, n2, n3 and n4): period of 35 us
For Rel-18, although the configured bands are increased to be 3 or 4, the switching is still conducted between 2 bands for each switching occasion, with the same UE switching behavior as in Rel-16/17. Therefore, the switching time is not expected to be increased with 3/4 bands configured.

	Nokia
	To: CTC
If the real UE implementation can bring the same value as CTC assume that “across 3 or 3” doesn’t increase switching period in terms of implementation at all, it’s not a problem with Option 1. We are just saying if your assumption doesn’t hold with Option 1, the UE has to report the max. Hence we would like to know specific reasons and the details if UE vendors prefer to option 2.

	Huawei, Hisilicon
	We support Option 1. The reason that a switching period different from Rel-16 was introduced in Rel-17 is that Rel-16 does not support the Tx switching of 0T+2T ↔ 2T+0T. We don’t think there is a novel switching pattern between band pair in Rel-18 other than 0T+2T ↔ 2T+0T and 0T+2T ↔ 1T+1T. No matter how many bands are configured to the UE, the value of switching period depends on the band pair with 2 bands the Tx chain switched to and switched from. For the case that the switching periods of two band pairs are different, the UE would report the two values with the specified rules. And the same switching period for each band pair as Rel-16/17 can be reused.

	NTT DOCOMO
	If the option 1 is based on the assumption CTC mentioned, out preference is option 1.

	MediaTek
	Option 2. For Rel-16/17, the UL switching time is only applicable for the band pair with two band combination. But the same UL band pair in Rel-18 is subset of 3 or 4 band combination that may have different UE implementation thus UE need to room for capability reporting in Rel-18

	Qualcomm
	Nokias example is a good one, it should be carefully thought what is the impact of the option 1 based agreement since that may lead to the situation that UE has to report the worst case switching time so we prefer option 2. For example what if UE supports 3 band TX switching but a carrier only configures TX switching for 2 bands, then the 2 band case suffers from longer switching period just because UE supports 3 band switching case.  

	Apple
	Many thanks to Nokia for the good example. Agree that Option 1 introduces limitations that could ultimately impact system performance. Can we take Option 2 as the starting point and continue the discussions next meeting?

	OPPO
	Option 2 probably will give UE more flexibility in implementation. We are still thinking the possibility of implementation cases that A+B switching period maybe different from A+B+C band combination though C is only DL CC especially when DL and UL share some components like PLL etc. But at this moment we need to further study the possibility of this scenario. If there is no issue, then Option 1 is also acceptable.

	
	

	
	

	
	

	
	



Sub-topic 2-2: Impact from switching of one Tx chain on the other Tx chain
Issue 2-2-1: Impact on the band with the number of Tx chain changed due to switching
RAN4 agreements have been captured in the reply LS to RAN1.

Issue 2-2-2: Impact on the band with the number of Tx chain unchanged due to switching
· Issue description
· When 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”), is the other Tx chain is expected or not expected to be used for transmission on band C during the switching period?
Note: this is a new scenario/pattern not discussed in Rel-16/17 (NTT DOCOMO, China Telecom)
Summary of round 1 discussion:
· Option 1: Expected (China Telecom, ZTE, NTT DOCOMO & CMCC - for advanced UE assumption, Nokia)
· Option 2: Not expected (Apple, MediaTek, NTT DOCOMO & CMCC & vivo - for baseline UE assumption, Samsung, OPPO, Huawei, HiSilicon, Sony, Apple) 
GTW Agreement:
· As baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period.
· RAN4 will further discuss optional advanced features to allow the other Tx chain can be expected to be used for transmission on band C during the switching period as advanced/optional UE assumption. 
Discussion in round 2:
· Is the following proposal from DCM and CMCC agreeable?
· For advanced/optional UE assumption: Expected
Proposed WF after round 2:
· Keep the above GTW agreement, i.e., no further agreement reached.

	Company
	Comments

	Nokia
	We support the above proposal.

	China Telecom
	We support the above proposal as compromise.
The impact of switching between one band pair on another band will bring system performance degradation. A trade-off needs to be considered.

	Huawei, Hisilicon
	We disagree with the proposal. The baseline assumption is applicable for all cases.
If Option1 is considered, for the case that the switching periods between A→B and C→D are different, the Tx chain completing switching first (e.g., A→B) should be allowed to transmit first and the uplink transmission on the other Tx chain(e.g., C→D) follows. The consequence is the uplink transmission on band B is ahead of that on band D. It is an obstacle to perform UL CA on the two bands.
Furthermore, for the case that the switching periods between B→A and C→A are different, what should the UE do with the advanced assumption?
Option 1 should not be pursued considering there are too many complicated scenarios.

	NTT DOCOMO
	Thank you, Huawei, for pointing out. We understand that such additional scenario may happen if we agree option 1.
If such additional scenario is too complicated, one possible way is to limit the scenario mentioned in issue 2-2-2, i.e., when A+C is changed to B+C, C can continue transmission. We are open to discuss the down selection of scenarios.

	Apple
	We support the GTW agreement, but the round 2 proposal is not clear to us.  What does it mean “for advanced/optional UE assumption?”  In GTW we agreed to further discuss this, while the round 2 agreement seems to arrive at a conclusion.  We think the GTW agreement is sufficient to progress the work forward.
Huawei’s example of A->B and C->D switching with different switching times is a useful one to consider. We would group this together with the discussion on possible advanced/optional UE assumptions.

	OPPO
	Ok to keep the GTW agreement. For the advanced UE assumption it would be better to study the HW example given above to figure out the possibilities of this kind of behavior.

	
	

	
	

	
	



Sub-topic 2-3: Possible mechanisms for dynamic Tx carrier switching across the configured bands
Issue 2-3-2: Switching cases for CA option 2
Summary of round 1 discussion:
· Proposal 1 (China Telecom): For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), first confirm the feasibility that the 2 Tx chains can be switched between 2 different band pairs at the same time (e.g., Tx #1 from band A to band B, Tx #2 from band A to band C).
· OPPO: It is feasible
· HW: suggest focusing on the UL CA option 1 first
· ZTE: Switching can happen at the same time, or the completion of switching should be at the same time?
· China Telecom reply: the question is whether switching can happen at the same time.
· Nokia: Is the below case included in above proposal? We assume this is within the scope of Rel-18 MC_enh, but it needs to be discussed further if RAN4 specifies requirements for all the cases or not.
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· China Telecom reply: Yes, it is about the case you elaborated. It is also our understanding that this case in the Rel-18 scope, unless it is identified as unfeasible from UE side.
· MTK: This is feasible only when timing difference between the different band pairs is small enough such as single-TAG for all the band pairs.
Discussion in round 2:
· Is the following proposal agreeable?
· From UE implementation perspective, in single-TAG scenario, it is feasible that the switching of 2 Tx chains between 2 different band pairs (e.g., Tx #1 from band A to band B, Tx #2 from band A to band C) can be conducted at the same time.
· Whether this switching scenario is supported in Rel-18 is up to RAN1 decision.
· If this switching scenario is supported in Rel-18, FFS whether to define corresponding requirements in RAN4.
· Proposed WF after round 2:
· After further checking, this issue is covered in the switching mechanism discussion in RAN1. So, it is recommended to not further discuss in RAN4 in this meeting. 

	Company
	Comments

	Nokia
	We would like to see feedback of impact on switching period on this case and similar cases compared to the cases switching happens within the selected two UL band pairs. Because this will significantly increase the number of capabilities to be reported.

	China Telecom
	We think this is a valid case for CA option 2.
Regarding Nokia comment, to our understanding, the per band pair switching period still applies in this case (e.g., applies to switching between A+B, and switching between A+C, respectively). No new switching period to be reported.

	Huawei, Hisilicon
	In our opinion, we should get some conclusion on option 1 first. With less complexity, it is easier to get some progress.

	NTT DOCOMO
	We are OK with the moderator’s 

	MediaTek
	This is feasible if all UL band pairs share same TAG in our understanding.

	Apple
	Agree with the moderator’s recommendation

	OPPO
	Ok with WF.

	
	

	
	



Sub-topic 2-4: PUSCH preparation time
Issue 2-4-1: PUSCH preparation procedure time / scheduling delay
To be discussed in RAN1.

Sub-topic 2-5: Other issues
Issue 2-5-1: Concurrent UL transmission on 2 bands
RAN4 agreements have been captured in the reply LS to RAN1.

Issue 2-5-2: Number of bands supporting 2Tx / UL-MIMO
Issue 2-5-2A: On 2Tx
· Is the following proposal agreeable?
· From RAN4 perspective, it was recommended that at least 1 band out of 3 or 4 bands can support 2Tx. In RAN4 understanding, the final decision on the minimum and maximum numbers of bands that a UE shall support 2Tx across the bands is up to RAN1.
· Proposed WF after round 2:
· There is a new proposal from QC & Apple below, which is also being discussed in RAN1. So, to avoid duplicated discussion, it is recommended to not further discuss this issue in RAN4 in this meeting. 

	Company
	Comments

	ZTE
	Agreeable as discussed in GTW.

	Qualcomm
	We recognize this was a condition in 2 band tx switching case since without UL MIMO/2Tx on one band, why would there be a need to switch anything. 
But it may not be any more justified since if we want to enable 3 band usage with flexible scheduling, then two TX chains would be fully utilized even without any 2Tx/Ul MIMO on single band since two TX chains are switched among 3 and 4 bands. 
Maybe a feasible compromise is that with option 1 (SUL) UL MIMO/2Tx is mandatory but with option 2 (dual UL) it is not.

	Apple
	If the non-SUL UE architecture is constrained to 2 Tx, then UL switching across 3 or 4 bands can utilize both Tx even without an UL MIMO configuration. Agree with Qualcomm’s comments (although no strong view on the SUL part). We are also fine to postpone a decision on this issue until next meeting; it would be useful to understand the view from this particular proposal’s proponents.

	OPPO
	Ok with WF.

	
	

	
	

	
	

	
	

	
	



Issue 2-5-2B: On UL-MIMO
· For the carrier(s) supporting 2Tx, are they mandatory to support 2-layer PUSCH transmission?

· Proposed WF after round 2:
· Similar to the Issue 2-5-2A, to avoid duplicated discussion, it is recommended to not further discuss this issue in RAN4 in this meeting.
	Company
	Comments

	Nokia
	Yes, they are. 

	Qualcomm
	We are still puzzled why ran4 uses this 2Tx denotation at all since it can be understood so many ways and leads to these unclear issues that need to be clarified in every discussion.
 Possible uses of 2 TX chains are UL MIMO (1-layer vie ULFPTX or coherent UL MIMO or 2-layer) and TxD and rel-16 PC1.5 but that is an anomaly. 
Our view is that yes, 2Tx here means mandatory 2-layer support. 

	Apple
	Agree with the proposal.

	OPPO
	Ok with WF.

	
	

	
	

	
	

	
	

	
	



Issue 2-5-3: Support of intra-band UL CA
· The following observation is aligned with the current WI scope approved in RAN plenary. Further update on the WI scope is not precluded and is up to RAN plenary decision. 
· Observation: Scope of the WI is limited such way that only one band among 3 or 4 bands that are part of the configured TX switching scheme can have intra-band UL CA configured. 

Issue 2-5-4: RF requirements for UL 3/4 bands CA
Tentative agreement from round 1 summary:
· No need to define RF requirements for UL CA with UL simultaneous transmission on 3 and 4 bands in the WI. 
· Further discuss the need of RF requirements for 3 and 4 band UL with non-simultaneous Tx operation.
Proposed WF (updated the 2nd bullet): 
· No need to define RF requirements for UL CA with UL simultaneous transmission on 3 and 4 bands in the WI. 
· Further discuss the need of RF requirements for Tx switching across 3 and 4 UL bands with simultaneous transmission on up to 2 bands.
Discussion in round 2:
· Is the proposed WF agreeable?

Summary after round 2:
· The first bullet looks agreeable. To ZTE, the first bullet is on the case with NO new RF requirements.
· For the second bullet, it is ok to remove if not very clear. Instead, we can add a generic proposal to say that: Encourage analysis on the RAN4 RF requirements needed to support Tx switching across 3 or 4 bands.
Proposed WF after round 2:
· RF requirements
· 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 on the RAN4 RF requirements needed to support Tx switching across 3 or 4 bands.

	Company
	Comments

	Nokia
	Clarification of the 2nd bullet, for instance, if a UE is configured with Band A, B, C and D while Band A and B are used for transmission, does the 2nd bullet mean that we are going to discuss if there are requirements for Band C and Band D, e.g., these need to meet Tx OFF power etc?

	China Telecom
	It looks the 2nd bullet is high-level clarification on the scope, and the details are encouraged to be further checked.

	Huawei,
Hisilicon
	We are ok with the first bullet. Given the comments from Nokia, we also would like to see more clarification for the possible RF requirements

	ZTE
	The second bullet is fine. 
The first bullet can be clarified. It should be UL simultaneous transmission on max 2 bands out of 3 or 4 bands.

	Apple
	We are OK with the moderator’s clarification.

	OPPO
	For clarification of the 2nd new bullet proposed by moderator. Does it mean to study the RF requirements for Tx switching among two bands across 3 or 4 bands? Not sure why this bullet is needed.

	Moderator 
	The proposal was changed from:
· For the next meeting, encourage analysis on the RAN4 RF requirements needed to support Tx switching across 3 or 4 bands.
To (to be more generic and does not have any implication):
· For the next meeting, encourage analysis/identification of the RAN4 RF requirements needed for this WI.


	
	

	
	



Issue 2-5-5: UE complexity aspect
GTW Agreement:
· The complexity related aspects would be discussed in RAN4 in future meetings.


[bookmark: _Toc79478149]Topic #3: Tx switching with multiple TAGs
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211625
	China Telecom
	Title: UL Tx switching across 3/4 bands and Tx switching between 2 bands with 2 TAGs
Proposal 9: For Tx switching between 2 bands with 2 TAGs, the UL outage time due to switching is depending on 3 factors:
1) The UL switching time reported by UE (i.e., the Rel-16/17 switching time)
2) The delta of TA values on the two bands, assuming that the non-collocated BSs can exchange the estimated TA information timely.
3) The timing measurement error, including: the DL timing estimation error, UL TA estimation error and UL TA quantization error.

	R4-2211909
	Apple
	Title: On UL Tx switching across 3 or 4 bands
Observation 4: in multiple TAGs scenario, longer interruption is expected. Exact interruption length depends on supported MRTD.

	R4-2212789
	Ericsson
	Title: On uplink TX switching across two or more bands
Proposal 1: inform RAN1 in the reply to their LS R4-2211508/R1-2205502 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands and ask whether there are any changes to the RAN1 specifications required for accommodating this 
to
Proposal 2: include the deployment scenarios for UL TX switching to include non-collocated deployment for combinations of UL CA with UL-MIMO or PC1.5 by removing the current single-TAG restriction for NR CA for Rel-18.
We also observe that
Observation 1: switching band combinations for UEs indicating supportedNumberTAG (optional) for a band pair can be specified in a release independent manner from Rel-16 (pending final confirmation from RAN1 that no specification changes are needed in earlier releases for support of multiple-TAG).

	R4-2214043
	Qualcomm Incorporated
	Title: UL TX switching schemes for multiple TAGs
Observation 6: Defining requirements for multiple TAGs for all possible cases significantly increase the cases that need unique requirements
Proposal 1: Ran4 should discuss possible down scoping options for the WID objective in terms of the number of TAGs for a TX switching combination and connectors on a band, with the possible options that:
· Limit number of TAGs to 2 in general
· Limit number of TAGs for 3 and 4 band cases to equal number as bands i.e. no requirements for 2 TAG and 3 bands but only 3 bands and 1 and 3 TAGs
· Limit number of TAGs for 3 and 4 band cases to 1
· Limit number of bands with more than one connector for 3 and 4 band cases i.e. no TX Diversity or UL MIMO for 3 and 4 band cases or limit it number of bands with 2 connectors to one

Proposal 4: RAN4 will discuss further how the switching time capabilities will be defined for different cases of > 2 band TX switching features with > 1 TAG.  


	R4-2214044
	Qualcomm Incorporated
	Title: UL TX switching requirements for two TAGs
Proposal 1: Define new two TAG requirements only for the case when the two cells that are part of the TX switching are assigned for different TAGs. 
Proposal 2: Change the “UE is not expected to transmit” to “UE not expected to be scheduled for transmissions” 
Proposal 3: Simplify the language by referring to leading or lagging carriers. 
Proposal 4: PUSCH preparation time has to be extended by the switching period and time difference of the carriers for the leading carrier. 
Proposal 5: Switching time for band pair for TX switching depends on number of TAGs configured for the band configuration and for what TAGs the bands in the band pair are assigned. 
Proposal 6: UE shall be able to declare multi TAG support for TX switching independent of declared capability for multiTAGs.



Open issues summary
Sub-topic 3-1: Tx switching with multiple TAGs
Issue 3-1-1: UL switching time
· Proposals
· Option 1: Switching time for band pair for TX switching depends on number of TAGs configured for the band configuration and for what TAGs the bands in the band pair are assigned. (QC)
· Recommended WF
· Further discuss
	Company
	Comments

	China Telecom
	In our understanding, the switching time is the same for single TAG and 2 TAGs, and the difference is on UL outage time.
For 2-TAG case, the UL outage time is not equal to the switching time. 

	Huawei, Hisilicon
	In our opinion, the switching period of multi-TAG is same as that of single-TAG and switching time as an UE implementation capability should be decoupled from the TA adjustment due to NW configuration. gNB is not expected to schedule UL transmissions during the absolute switching period on both the carriers switched to and switched from. 

	Samsung
	Similar view as China Telecom and Huawei, if the switching time is the time required for H/W switching while TA difference is not included. 

	OPPO
	Agree with CT/HW/SS. Tx switching time is same, TA can be separately considered.

	ZTE
	Similar understanding as China Telecom. Tx switching time should be the same for both single and multiple TAGs, however, uplink outage time is larger in 2-TAG case.

	Xiaomi
	We share the similar view. Switching time should be considered separately with TA advance difference and is expected to be the same for both 1 TAG and multiple TAGS.

	Qualcomm
	Reading comments, so the ran4 specifcation should then say “network is not expected to the schedule transmission for the outage time…” instead of referring to switching time? 

	Nokia
	We don’t agree with the proposal due to the following reasons.
Firstly, it’s not clear why different TAGs would need a longer(different) time to remap an RF chain from one band to another. If what QC proposes was accepted, we would need to make every single capability involving switching delay like SRS carrier switching  per # of TAG. 
It’s not clear how the switching time is defined: Is it per # of TAGs per UL bands pair? Or something else? We would also note that given that the proposal by QC in issue 2-1-3, the amount of signaling overhead may be significant so RAN2 involvement might be required

	vivo
	Similar view with China telecom.

	MediaTek
	We don’t agree the proposal. As stated in our contribution R4-2212220, switching time is not relevant to number of TAGs. On top of UE reported Tx switching time, network need to handle delta MTTD as described in R4-2212220

	Ericsson
	Same view as CT. The gNB is not expected to schedule on any carrier during the switching period preceding transmission start on the carrier after the switch as explained by Huawei. The outage will increase due to blanking of symbols but multiple TAG possible.

	
	



Issue 3-1-2: UL outage time
· Proposals
· Option 1: For Tx switching between 2 bands with 2 TAGs, the UL outage time due to switching is depending on 3 factors (China Telecom)
· The UL switching time reported by UE (i.e., the Rel-16/17 switching time)
· The delta of TA values on the two bands, assuming that the non-collocated BSs can exchange the estimated TA information timely.
· The timing measurement error, including: the DL timing estimation error, UL TA estimation error and UL TA quantization error.
· Recommended WF
· Further discuss
	Company
	Comments

	Qualcomm
	Agree, except it should be noted that the TA values can not be compared directly since it is up to the UE to choose the reference DL band. 

	China Telecom
	Agree with the 3 aspects listed above. We should first agree on the aspects to be taken into account, and then discuss in details the formula / values of each aspect.  

	Huawei, Hisilicon
	We agree that UL outage time includes several factors, but the timing other than switching period could be addressed by NW scheduling implementation. And the UE is not expected to be scheduled on both the carriers during the absolute switching period. The candidate values of absolute switching period of multi-TAG should be same as that of single-TAG.

	Samsung
	For the UL switching time reported by UE, whether or not exact the same R16/17 value, still depends on Issue 2-1-3. For other parts, Option 1 is aligned with our understanding.

	OPPO
	This should be discussed in RRM session ?

	ZTE
	Agree. A new requirement could be introduced for this purpose?

	Nokia
	We don’t agree with the proposals. We need to differentiate the switching time and the delta of TA values. The delta of TA values doesn’t have any effect on the UL outage time, i.e., reported UL switching time, though TA values themselves are used for coordination between gNBs and used for UL outage time placement management by gNB before the switching occurs as can be seen in Figure 6.3A.3.3.2-1c or Figure 6.3A.3.3.2-1d in R4-2204605.
Also, the timing measurement error impacts the accuracy of used TA, but doesn’t directly impact the actual UL switching time.

	vivo
	Basically agree. More discussion may still be needed.

	MediaTek
	Share OPPO’s comment that it might be better to be discussed in RRM session since UE RF session is not clear about uplink outage and timing estimation error relevant knowledge.

	Ericsson
	The UL timing in each TAG follows the DL timing of the same TAG. We agree with the comments by Nokia.

	Apple
	The 2nd and 3rd bullets can be merged into MTTD, which also includes the propagation delay difference. Note that delta of TA cannot represent propagation delay difference.  

	
	



Issue 3-1-3: PUSCH preparation time
· Proposals
· Option 1: PUSCH preparation time has to be extended by the switching period and time difference of the carriers for the leading carrier. (QC)
· QC: LS to ran1 would be needed or alternatively define extended PUSCH preparation time in ran4 requirements.
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei, Hisilicon
	In our opinion, we should discuss the PUSCH preparation time of single-TAG first, and the cases with multi-TAG follows. Our preference is not to have RAN1 spec impact due to multi-TAG. As for the RAN4 spec impact, no need to reflect the TA adjustment in the time mask requirement, but consider the timing difference as a scheduling implementation issue, which can be clarified in the spec together with the time mask requirement including only the switching period.

	Samsung
	Agree with Huawei, to discuss PUSCH preparation time for single TAG firstly, i.e., Sub-topic 2-4. 

	Qualcomm
	Seems Huawei and Samsung do not understand the multi TAG operation. 
Impact is not same as topic 2-4. The problem here is that if UE is given a grant on band A, it needs to wait for the scheduling information on band B before building the grant on band A. So the PUSCH preparation time reference needs to be from the lagging band to the leading band because UE does not know when it needs to switch and if switching interrupts the grant. If UE needs more time in single TAG case, then that should be additive to the multiTAG preparation time. 
It is strange to us too why RAN4 was tasked to lead discussion on this multi TAG and we should inform RAN1 about this aspect.   

	Nokia
	This must be addressed in RAN1 first. We don’t agree with sending an LS to RAN1.

	Huawei, Hisilicon
	To QC’s comment:
The UE may start counting the OFDM symbols as preparation time after the end of the reception of the last symbol of the PDCCH carrying the UL grant on either the carrier switched from or switched to. 
It is up to gNB scheduling implementation rather than modifying preparation time.
The preparation time of multi-TAG should be aligned with that of single-TAG. And we suggest the issue leave to RAN1 to discuss. We don’t agree with the LS to RAN1, either.

	Ericsson
	The PUSCH preparation time already accounts for different TA on uplink serving cells, multiple-TAG was specified in Rel-15. Then the switching period was added to the PUSCH preparation time in Rel-16, see R4-2204604.

	
	

	
	

	
	

	
	

	
	



Issue 3-1-4: DL interruption time for Tx switching with multiple TAGs
· Proposals
· Option 1: In multiple TAGs scenario, longer interruption is expected. Exact interruption length depends on supported MRTD. (Apple)
· Recommended WF
· Further discuss, and perhaps the details of DL interruption time can be discussed in RRM session.
	Company
	Comments

	China Telecom
	We agree the DL interruption time needs to be updated as well, and it can be discussed in the RRM session.

	Huawei
	Prefer to have DL interruption time in RRM session.

	Samsung
	Within RRM scope which is planned to be started from next RAN4 meeting. 

	Nokia
	DL interruption time should be discussed in RRM session. Also, we don’t believe multiple TAGs scenario requires longer interruption. In any case, that must be discussed in RRM room.

	MediaTek
	We think DL interruption time is something like Tx switching time plus the timing different between TAGs. It is better to discuss in RRM session.

	Ericsson
	No need to change the capabilities since the length of the switching-period is the same as the single-TAG case. The start of the interruption is determined by the absolute TA(s) for both single-TAG and multiple-TAG. This can be checked by RRM. 

	Apple
	We are fine to discuss this in RRM in the next meeting.

	
	

	
	

	
	

	
	



Issue 3-1-5: UE capability and release independence
· Proposals
· Proposal 1: Switching band combinations for UEs indicating supportedNumberTAG (optional) for a band pair can be specified in a release independent manner from Rel-16 (pending final confirmation from RAN1 that no specification changes are needed in earlier releases for support of multiple-TAG). (E///)
· Proposal 2: (QC)
· RAN4 will discuss further how the switching time capabilities will be defined for different cases of > 2 band TX switching features with > 1 TAG. 
· UE shall be able to declare multi TAG support for TX switching independent of declared capability for multiTAGs
· Recommended WF
· Encourage feedback on Proposal 1 and Proposal 2. 
	Company
	Comments

	Qualcomm
	Multi TAG with TX switching is different feature than multi TAG without switching since bands have dependency now on each other. Also, rel indep should be determined after we know requirements. It also seems maybe WID scope needs adjustments. 
Edit: Agree that the switching time should not include timing difference. But switching time for one given band combination can be different when UE supports TX switching  on a band pair with single TAG and multiple TAGs. 
To CTC, it seems band combinations for TX switching is a separate list from band combinations so then it is possible to support multiTAG with UL CA and single TAG with TX switching. 

	China Telecom
	For proposal 1, in general we agree, and we can further discuss after we know requirements as proposed by QC.
For proposal 2, in our understanding, the supportedNumberTAG can already be reported separately for non-Tx switching and Tx switching cases, based on the current RAN2 signaling structure as below. 
BandCombinationList-UplinkTxSwitch-r16 ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-UplinkTxSwitch-r16
BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {
    bandCombination-r16                 BandCombination,
    bandCombination-v1540               BandCombination-v1540                      OPTIONAL,
    bandCombination-v1560               BandCombination-v1560                      OPTIONAL,
    bandCombination-v1570               BandCombination-v1570                      OPTIONAL,
    bandCombination-v1580               BandCombination-v1580                      OPTIONAL,
    bandCombination-v1590               BandCombination-v1590                      OPTIONAL,
    bandCombination-v1610               BandCombination-v1610                      OPTIONAL,
    supportedBandPairListNR-r16         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r16,
    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,
    uplinkTxSwitching-PowerBoosting-r16 ENUMERATED {supported}                     OPTIONAL,
    ...,
    [[
    -- R4 16-5 UL-MIMO coherence capability for dynamic Tx switching between 3CC 1Tx-2Tx switching
    uplinkTxSwitching-PUSCH-TransCoherence-r16     ENUMERATED {nonCoherent, fullCoherent}   OPTIONAL
    ]]
}
BandCombination ::=                 SEQUENCE {
    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,
    featureSetCombination               FeatureSetCombinationId,
    ca-ParametersEUTRA                  CA-ParametersEUTRA                          OPTIONAL,
    ca-ParametersNR                     CA-ParametersNR                             OPTIONAL,
    mrdc-Parameters                     MRDC-Parameters                             OPTIONAL,
    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))                   OPTIONAL,
    powerClass-v1530                    ENUMERATED {pc2}                            OPTIONAL
}

CA-ParametersNR ::=                 SEQUENCE {
    dummy                                         ENUMERATED {supported}      OPTIONAL,
    parallelTxSRS-PUCCH-PUSCH                     ENUMERATED {supported}      OPTIONAL,
    parallelTxPRACH-SRS-PUCCH-PUSCH               ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxInterBandCA                   ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxSUL                           ENUMERATED {supported}      OPTIONAL,
    diffNumerologyAcrossPUCCH-Group               ENUMERATED {supported}      OPTIONAL,
    diffNumerologyWithinPUCCH-GroupSmallerSCS     ENUMERATED {supported}      OPTIONAL,
    supportedNumberTAG                            ENUMERATED {n2, n3, n4}     OPTIONAL,
    ...
}


	Huawei
	Since multi-TAG is only considered as an objective in the Rel-18 WI, our preference is to only consider Tx switching with m-TAG in Rel-18. 
For proposal 2, in our view, the switching time capability is independent of TAG numbers, which is a UE implementation capability, and it should not be mixed together with TA timing difference.

	Samsung
	For P2: 
· We agree RAN4 can further study the switching time capability impact due to multiple TAG supported, but we kind of agree with Huawei we have not seen strong linkage between them, if switching time discussed here is not including TA timing difference due to m-TAG. 

	OPPO
	Share similar view as HW/SS.

	ZTE
	For Proposal 1, multi-TAG capability is for a band combination consisting of 3 or 4 bands, it should be studied whether or not the release independence requires that all permutation band pairs support multi-TAG from Rel-16.


	Xiaomi
	For proposal 2, share the similar view with Huawei. The switching time mask is not expected to include the TA difference by multiple TAGs. I recall Rel-17 intra-band V2X and Uu concurrent operation has the similar issue due to timing advance difference of V2X and Uu. The agreement is that TA difference is not captured in the switching time mask. The same principle can be followed for UL Tx switching.

	Nokia
	We don’t agree with both proposal 1 and 2.
For proposal 1, RAN1 needs to discuss if there is not impact on any switching time capabilities or PUSCH processing time budgets. Early implementation aspects can be discussed after that. 
For proposal 2, since the 1st sub-bullet speculates that different switching periods are defined according to the number of TAGs. The 2nd sub-bullet doesn’t have to be discussed unless we have an agreement on the 1st sub-bullet that is related to UE behaviour, the capabilities come after that.  In addition, how the UE capabilities are designed should be discussed primarily in RAN2 based on RAN1 input.

	vivo
	Currently prefer in Rel-18.

	MediaTek
	We don’t agree proposal 1 that multi-TAG for Tx switching starts from R-18. Similar view with Huawei.
We are fine with proposal 2.

	Ericsson
	No new capability is needed at least for supporting multiple-TAG at least for the current Rel-16 and Rel-17 TX switching cases, see the answer by CTC. 
The time mask in 38.101-1: it is possible to use the existing mask but then carry out the test without applied timing difference (assuming the same TA step on both carriers) and lift the single-TAG restriction (Rel-18).

	Apple
	It seems premature to discuss UE capability and release independence related issue in the 1st meeting. This can be discussed once feature become stable. 



Issue 3-1-6: RAN4 CR text
· Proposed modifications on the CR in R4-2204605 (Ericsson CR submitted to RAN4 #102-e)
· QC proposals:
· Proposal 1: Define new two TAG requirements only for the case when the two cells that are part of the TX switching are assigned for different TAGs. 
· Proposal 2: Change the “UE is not expected to transmit” to “UE not expected to be scheduled for transmissions”.
· Proposal 3: Simplify the language by referring to leading or lagging carriers. 
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	We think that there is no need to reflect TA timing difference in the time mask requirement which should just reflect the switching period, but we are ok to have some clarification that TA should be considered for m-TAG scenario. 

	Samsung
	Discuss more about the core requirement impact due to m-TAG, whether or not the core RF requirement of TX switching should be coupled with m-TAG is not fully convincing to us. 
For P2: we prefer original wording of “UE is not expected to transmit”

	ZTE
	Suggest to separate switching period from the TA difference in the new added figures. Switching period represents the time duration to complete switching one band to another band, which is not dependent on TA difference. 
Another point is that before the CR is implemented in RAN4 specs, RAN1 may need to confirm that there is no RAN1 specs impact (Cross-group impacts are not expected in a TEI?)

	Qualcomm
	Q for clarification to Huawei, so this means not to deal with the impact on the other band at all in RAN4? And therefore the specification would be different than for single TAG and we could just refer to single carrier ON/OFF Time masks?

	Nokia
	For Proposal 2, we don’t agree with either the original wording or the proposed new wording. “UE is not expected to transmit” ”“UE shall not transmit”. The UE has already declared its own switching time where the UE cannot transmit anything. NW doesn’t need to manage the UE not to transmit by scheduling, but rather the NW considers its scheduling that the UE doesn’t transmit anything during switching period. 

	MediaTek
	We do not agree the CR neither the modifications on Tx switching time. The timing difference between CGs shall be handled by network scheduling as described in R4-2212220. Tx switching time X is hardware settling time that shall not be compressed by timing different between CGs or timing difference between TAGs. Further, the CR is intended to put multi-TAG scenario in R-17 that shall belong to R-18 WI scope.

	Huawei, Hisilicon
	To QC, we don’t think it is necessary to change time mask, as illustrated below.
[image: ]
For single-TAG, the switching period is same as outage time. 
For two-TAG, from the perspective of the UE itself, rather than either band, the UE is able to know 
1) the timing advance difference between the two bands since it has received TA commands related to the two non-collocated gNBs separately,
2) its capability of switching period, and when to complete the Tx switching. 
Thus, the UE would omit uplink transmission during the absolute switching period. In the figure of 2-TAG below, they are the same to that of single-TAG in the figure above after removing the slot boundaries that show the timing advance difference.
[image: ]
Besides, to change time mask is too complicated considering there are already 16 time masks related to band-pair switching in Rel-17. We don’t see the necessity to change the time masks.
In 38.101-1, “For intra-band V2X con-current operation, there is timing advance difference between NR Uu slot and NR SL slot due to different timing advance of NR Uu and NR SL. The switching time masks do not include timing advance difference but the timing advance difference should be considered with the switching time for same carrier case and different carrier case.”
We should consider the time mask of multi-TAG Tx switching with reference to intra-band V2X con-current operation.

	Ericsson
	We are open to any improvements of the specification text and figures.

	Apple
	We are open for further discussion. it is bit early to discuss CR in the 1st meeting.

	
	

	
	



Issue 3-1-7: Need of RAN1 spec impact
· Proposals
· Proposal 1: Inform RAN1 in the reply to their LS R4-2211508/R1-2205502 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands and ask whether there are any changes to the RAN1 specifications required for accommodating this. (E///)
· Proposal 2: Extension of PUSCH preparation time, if agreed, may have RAN1 spec impact (QC)
· Recommended WF
· Further discuss
	Company
	Comments

	Qualcomm
	Maybe also the Apple brought up issue of 3-1-4 could be included. Or outcome of it. 
Edit: So Huawei is saying no spec impact and WID (as pointed by Samsung) is saying work is limited to ran4. So we can conclude the work in this meeting if RAN4 agrees so?

	China Telecom
	For UL switching time, UL outage time and DL interruption time, if any agreements can be reached in RAN4, we can send them to RAN1. 

	Huawei, Hisilicon
	The Tx switching in multi-TAG case can be handled by gNB implementation. Switching period is unchanged. Spec impacts on RAN4 and RAN1 are not expected. Especially, the change of time masks because of multi-TAG Tx switching is not necessary.

	Samsung
	P1: We would like to discuss more about what is the impact of multiple-TAG. For RF requirement, it is more related to UE RF competence, while detailed behavior can be discussed in RRM spec.  Not quite sure it is needed to be sent to RAN1. Pls. note the work of extension of TX switching for 2 bands to m-TAG is limited to RAN4 work, as indicated in WID, quoted as below: 
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.

	OPPO
	As SS pointed out the multi-TAG is limited to RAN4, thus whether to inform RAN1 about the progress in RAN4 needs further discussion after there is conclusion in RAN4 how to handle multi-TAG, e.g. in RF requirement or RRM requirement.

	ZTE
	If RAN4 agree to extend the multi-TAG support for Rel-17 Tx switching, this information should be conveyed to RAN1, and only RAN1 confirms no RAN1 specs impact can the change be implemented into RAN4 specs.

	Nokia
	For Proposal 1, it seems not harmful, though it depends on the outcome of 3-1-5.
For proposal 2, we don’t agree with it as we have already expressed that this should be discussed in RAN1.

	Ericsson
	We support Proposal 1 as there seems to be a need to inform RAN1 that RAN4 considers the multiple-TAG case. 

	
	

	
	

	
	

	
	

	
	



Sub-topic 3-2: Additional issue for Tx switching accorss 3/4 bands with multiple TAGs
Issue 3-2-1: Target scenarios
· Proposals
· Proposal 1: Ran4 should discuss possible down scoping options for the WID objective in terms of the number of TAGs for a TX switching combination and connectors on a band, with the possible options as below: (QC)
· Limit number of TAGs to 2 in general
· Limit number of TAGs for 3 and 4 band cases to equal number as bands i.e. no requirements for 2 TAG and 3 bands but only 3 bands and 1 and 3 TAGs
· Limit number of TAGs for 3 and 4 band cases to 1
· Limit number of bands with more than one connector for 3 and 4 band cases i.e. no TX Diversity or UL MIMO for 3 and 4 band cases or limit it number of bands with 2 connectors to one
· Recommended WF
· Encourage feedback
	Company
	Comments

	NTT DOCOMO
	Regarding number of TAGs, we share the RAN1’s conclusion captured in R1-2205589 as reference:
Conclusion
· It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2A

Regarding how many of the bands would have 2 connectors, our understanding is that this aspect is being discussed in RAN1. So, we think it may be better to wait for RAN1 conclusion.

	Qualcomm
	Could NTT Docomo clarify, this means Docomo agrees the proposal in to the limiting the scope to 2 TAGs total for all cases? Seems RAN1 expects RAN4 to discuss and agree this. It would help to simplify.  
And also, in case of agreement, ran4 should then bring WID revision to RAN. Maybe some document should then capture this. 

	China Telecom
	Based on the RAN1 working assumption provided by DCM, we are ok to limit the number of TAGs to up to 2. 

	Huawei, Hisilicon
	We suggest to add the 5th alternative: In the scenario of multi-TAG, the switching time masks do not include timing advance difference but the timing advance difference should be considered with the switching time.

	Samsung
	Agree with the limiting the scope to 2 TAGs total for all cases. 

	OPPO
	Ok with limiting maximum 2TAGs in Rel-18.

	ZTE
	We could focus on 2-TAG case at first, and then extend to the same number of bands if time allowed.

	Xiaomi
	We are ok to focus on 2 TAG case if RAN1 has that working assumption.

	Nokia
	Limit number of TAGs to 2 in general or Limit number of TAGs for 3 and 4 band cases to 1

	Sony
	OK to limit number of TAGs to 2 in general.

	OPPO
	Ok with limiting to maximum 2TAGs in Rel-18.

	Ericsson
	We are fine to limit the case to dual TAG.



Companies views’ collection for 1st round
Open issues 
Provided under each issue in section 3.2
Summary for 1st round
Sub-topic 3-1: Tx switching with multiple TAGs
Issue 3-1-1: UL switching time
Summary of round 1 discussion
· Option 2: The switching time is the same for single TAG and 2 TAGs (China Telecom, HW, Samsung, OPPO, ZTE, Xiaomi, Nokia, vivo, MTK, E///)
· China Telecom, Samsung, OPPO, ZTE, vivo, E///: the difference is on UL outage time, or alternatively, TA can be considered separately 
· MTK: On top of UE reported Tx switching time, network need to handle delta MTTD as described in R4-2212220. 
· QC question: how to reflect the difference on the UL outage time in RAN4 specification. so the ran4 specifcation should then say “network is not expected to the schedule transmission for the outage time…” instead of referring to switching time?
· Option 3: Agree that the switching time should not include timing difference. But switching time for one given band combination can be different when UE supports TX switching on a band pair with single TAG and multiple TAGs. (QC)
Tentative agreement:
· The UL Tx switching time does not include the timing difference.
Recommendation for round 2:
· Further discuss the two options:
· Option A: The UL switching time is the same for single TAG and 2 TAGs. 
· Option B: The switching time for one band pair can be different for single TAG and 2 TAGs, while the candidate switching time values are still in the set of {35us, 140us, 210us}. 

Issue 3-1-2: UL outage time
Summary of round 1 discussion
· Option 1: For Tx switching between 2 bands with 2 TAGs, the UL outage time due to switching is depending on 3 factors (China Telecom, QC, Samsung, ZTE, vivo - basically agree)
· #1: The UL switching time reported by UE (i.e., the Rel-16/17 switching time)
· #2: The delta of TA values on the two bands, assuming that the non-collocated BSs can exchange the estimated TA information timely.
· #3: The timing measurement error, including: the DL timing estimation error, UL TA estimation error and UL TA quantization error.
· Additional comment/questions related to option 1:
· Samsung: For switching across 3/4 bands, whether or not exact the same R16/17 value, still depends on Issue 2-1-3. 
· QC: For #2, the TA values can not be compared directly since it is up to the UE to choose the reference DL band.
· E///: The UL timing in each TAG follows the DL timing of the same TAG.
· Nokia, E///: not agree to consider the last two bullets.
· Apple: The 2nd and 3rd bullets can be merged into MTTD, which also includes the propagation delay difference. Note that delta of TA cannot represent propagation delay difference.
· OPPO, MTK: discuss in RRM session?
· OPPO, ZTE: how to reflect this in spec?
· HW: the timing other than switching period could be addressed by NW scheduling implementation, and can be clarified in the spec while not updating the time mask requirements
Recommendation for round 2:
· For UL outage time discussion, focus on the UL 2 bands with 2 TAGs scenario at first. 
· Further discuss: 
· The potential factors to be considered
· Whether and how to reflect the UL outage time in the specification
· Is it a RF dominant issue or RRM dominant issue?

Issue 3-1-3: PUSCH preparation time
Summary of round 1 discussion
· Option 1: PUSCH preparation time has to be extended by the switching period and time difference of the carriers for the leading carrier. (QC)
· QC: LS to ran1 would be needed or alternatively define extended PUSCH preparation time in ran4 requirements.
· E///: The PUSCH preparation time already accounts for different TA on uplink serving cells, multiple-TAG was specified in Rel-15. Then the switching period was added to the PUSCH preparation time in Rel-16, see R4-2204604.
· Option 2: to discuss PUSCH preparation time for single TAG firstly (HW, Samsung)
· Option 3: to be addressed in RAN1 first (Nokia, QC, HW)
· HW: don’t agree with the LS to RAN1
Related RAN1 conclusion in May meeting:
Conclusion 
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· ……
Recommendation for round 2:
· Focus on the UL 2 bands with 2 TAGs scenario at first.
· Further discuss the need of potential impact on PUSCH preparation time.

Issue 3-1-4: DL interruption time for Tx switching with multiple TAGs
Summary of round 1 discussion
· Option 2: To be discussed in RRM session. (China Telecom, Huawei, Samsung, Nokia, MTK, E///, Apple)
Tentative agreement:
· To discuss in RRM session.

Issue 3-1-5: UE capability and release independence
Summary of round 1 discussion
· Proposal 1 on release independence: Switching band combinations for UEs indicating supportedNumberTAG (optional) for a band pair can be specified in a release independent manner from Rel-16 (pending final confirmation from RAN1 that no specification changes are needed in earlier releases for support of multiple-TAG). (E///)
· Comments on proposal 1:
· QC, CTC, Nokia, Apple: For UL 2 bands with 2-TAGs, release independent aspect can be discussed after we know requirements and spec impact.
· HW, vivo, MTK: Tx switching with m-TAG is a Rel-18 feature
· Proposal 2 on UE capability: (QC, MTK)
· RAN4 will discuss further how the switching time capabilities will be defined for different cases of > 2 band TX switching features with > 1 TAG. 
· UE shall be able to declare multi TAG support for TX switching independent of declared capability for multiTAGs
· Comments on Proposal 2:
· CTC, E///, QC: the supportedNumberTAG can already be reported separately for non-Tx switching and Tx switching cases, based on the current RAN2 signaling.
Tentative agreement:
· On release independence: 
· To be discussed after we know requirements and spec impact
· On UE capability:
· It is RAN4 understanding that, based on the current RAN2 signaling design, the supportedNumberTAG can already be reported separately for non-Tx switching and Tx switching scenarios, i.e., it is possible for UE to report 2-TAG for non-Tx switching scenario, and single-TAG for Tx switching scenario.
· For Tx switching scenario, whether it is allowed to report different switching time for 2-TAG case compared to single-TAG case is discussed in Issue 3-1-1.

Issue 3-1-6: RAN4 CR text
· Proposed modifications on the CR in R4-2204605 (Ericsson CR submitted to RAN4 #102-e)
· QC proposals:
· Proposal 1: Define new two TAG requirements only for the case when the two cells that are part of the TX switching are assigned for different TAGs. 
· Proposal 2: Change the “UE is not expected to transmit” to “UE not expected to be scheduled for transmissions”.
· Proposal 3: Simplify the language by referring to leading or lagging carriers. 
Recommendation for round 2:
· Further discuss in the next meeting.

Issue 3-1-7: Need of RAN1 spec impact
Summary of round 1 discussion
· Option 1: Send the related RAN4 agreement (if reached) to RAN1, and it is up to RAN1 decision on whether any RAN1 impact is needed (E///, Nokia, China Telecom, ZTE, QC)
· QC: Extension of PUSCH preparation time and DL interruption time, if agreed, can be sent to RAN1 
· China Telecom: For UL switching time, UL outage time and DL interruption time, if any agreements can be reached in RAN4, we can send them to RAN1. 
· E///, Nokia: Inform RAN1 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands and ask whether there are any changes to the RAN1 specifications required for accommodating this. 
· Option 2: Necessity of sending LS to RAN1 is not clear. (HW, Samsung, OPPO)
Recommendation for round 2:
· Further discuss. A tdoc number for the LS on multi-TAGs will be requested, and whether the LS can be agreeable is pending on the discussion in round 2. 
Sub-topic 3-2: Additional issue for Tx switching accorss 3/4 bands with multiple TAGs
Issue 3-2-1: Target scenarios
Related RAN1 conclusion in May meeting:
Conclusion 
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· ……
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2
Summary of round 1 discussion
· Option 1: Limit number of TAGs to up to 2 for all the cases in the Rel-18  WI (QC, DCM, CTC, Samsung, OPPO, Xiaomi, Sony, OPPO, E///, Nokia)
· Option 2: Limit number of TAGs for 3 and 4 band cases to 1 (QC, Nokia)
· Option 3: In the scenario of multi-TAG, the switching time masks do not include timing advance difference but the timing advance difference should be considered with the switching time. (HW) 
· Option 4: focus on 2-TAG case at first, and then extend to the same number of bands if time allowed. (ZTE)
Recommendation for round 2:
· Check whether option 1 is agreeable.

Discussion on 2nd round

	Tdoc number
	Title
	Source
	Recommendation  

	R4-2214465R4-22xxxxx
	WF on UL Tx switching with multiple TAGs
	Ericsson 
	Revised to R4-2215163

	R4-2215163
	WF on UL Tx switching with multiple TAGs
	Ericsson 
	Approved

	R4-2214466R4-22xxxxx
	LS on UL Tx switching with multiple TAGs
	Ericsson
	Noted



Discussion on WF:
Sub-topic 3.1 Tx switching with multiple TAGs
Issue 3-1-1 UL switching time
· Proposals
· Option 1: Switching time for band pair for TX switching depends on number of TAGs configured for the band configuration and for what TAGs the bands in the band pair are assigned. (QC)

Recommendation for round 2:
· Further discuss the two options:
· Option A: The UL switching time is the same for single TAG and 2 TAGs. 
· Option B: The switching time for one band pair can be different for single TAG and 2 TAGs, while the candidate switching time values are still in the set of {35us, 140us, 210us}. 

WF (as per agreement at the Aug 22 GTW)
Agreement:
· RAN4 further discuss if the UL switching time is the same for single TAG and 2 TAGs
· UL switching time should not include timing difference up to MTTD between two TAGs.
FFS:
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.

China Telecom: The wording in the FFS bullet is already used in RAN1 spec. Maybe we can try whether the FFS bullet is agreeable in round 2, then it would be easier to discuss Issue 3-1-2.
6.1.6   Uplink switching (TS 38.214)
The UE may omit uplink transmission during the uplink switching gap  if the conditions defined in this clause are met and the UE is configured with uplinkTxSwitching... 

OPPO: For the agreed (green highlighted) 2nd bullet, is it correct understanding that it actually means the UL switching time will not include the timing difference between two TAG? And the “up to MTTD” is just clarification of the possible timing difference between two TAG? It doesn’t mean when timing difference is larger than MTTD then the UL switching time should include it?

Issue 3-1-2: UL outage time
· Proposals
· Option 1: For Tx switching between 2 bands with 2 TAGs, the UL outage time due to switching is depending on 3 factors (China Telecom)
· The UL switching time reported by UE (i.e., the Rel-16/17 switching time)
· The delta of TA values on the two bands, assuming that the non-collocated BSs can exchange the estimated TA information timely.
· The timing measurement error, including: the DL timing estimation error, UL TA estimation error and UL TA quantization error.
Recommendation for round 2:
· For UL outage time discussion, focus on the UL 2 bands with 2 TAGs scenario at first. 
· Further discuss: 
· The potential factors to be considered
· Whether and how to reflect the UL outage time in the specification
· Is it a RF dominant issue or RRM dominant issue?

Tentative WF
[The UL outage time depends on the factors listed in Option 1
· UL switching time (UE capability), also a factor for single TAG
· The difference between the TA on the two TAGs, up to MTTD (as specified in a switching time mask)
· Timing and measurement error (up to about 1 us relative to the DL timing according to 38.133)
· also present in the single-TAG case (then referred to the DL timing of the reference carrier in the TAG)
· included in MTTD for inter-band UL CA]

Nokia: It’s difficult to agree with the proposals. Would someone clarify what UL outage time mean here? Factors mentioned are considered by network to place suitable place of switching period. The max outage time must be the reported switching period. Perhaps, the outage time is how much symbols of each carrier or the sum of them is killed? Then, the sum may be lager than switching period. But why are we discussing this?
China Telecom: We are in general ok with the tentative WF, and perhaps a simpler version below is better? More details can be further discussed in the next meeting.
The UL outage time depends on the factors listed in Option 1
· UL switching time (UE capability), also a factor for single TAG
· The difference between the TA on the two TAGs, up to MTTD (as specified in a switching time mask)
· Timing and measurement error (up to about 1 us relative to the DL timing according to 38.133)
· also present in the single-TAG case (then referred to the DL timing of the reference carrier in the TAG)
· included in MTTD for inter-band UL CA]
To Nokia, 
UL outage time corresponds to the time duration “UE may omit the uplink transmissions” discussed in the previous issue. 
We also discussed UL outage for Rel-16 Tx switching if I remember correctly, and UL outage time equals to UL switching period for Rel-16 single-TAG case.
Apple: we think the moderator’s summary of the factors which impact UL outage time is quite useful; in general, the 2 TAG case can be quite complex from the UE perspective if the burden of tracking the differences in TA between the two TAGs falls entirely upon the UE. Consider a poorly configured network which does not implement a timely exchange of TA information across the non-collocated base stations. If the UE is expected to omit UL transmissions which violate the switching time without any requirements specified on network behavior, then this could lead to overly complex UE implementations. We would like to see a meaningful assumption on network behavior as well.
OPPO: The CT version is ok, and for clarification of the three factors, is it correct understanding that the intention here is to SUM these three factors to derive the outage time? Is this outage time intended to specify in RF spec?
Ericsson: the wording by CT is fine. On the outage: the outage due to the switching period will be the same as for the single-TAG case, this period precedes the time T_0 (see 38.214) at which the UE starts transmission on a carrier with the switching period configured following a switch. Then, for UEs supporting dual-TAG, the network must make sure by scheduling that any transmission on the other carrier lagging or leading in time is blanked such that that the does not have to transmit anything during the switching period. This is captured by the time mask. The network configures the TAGs and must therefore be aware of the TA and the relation on all TAGs.
[image: ]
Top: single TAG or equal TA with dual TAG. Bottom: multiple TAG with different TA.

WF (revised)
The UL outage time depends on the factors
· UL switching time (UE capability)
· The difference between the TA on the two TAGs, up to MTTD
· Timing and measurement error

Huawei: It is hard for gNB to know the exact timing advance difference of 2-TAGs, even though the network is ideal-backhaul. Given that gNB would send TA command to the UE, and only the UE knows when the command takes effect rather than either of the gNBs. gNB scheduling is not able to solve the problem. And no matter how to define switching time/ outage time, the time mask in Rel-17 should not be changed, as we commented in the 1st round. The current time mask can be reused with switching period located on either of the bands with 2 TAGs. Given that the 2nd and 3rd bullet in the WF is related to RRM spec, we suggest modify the wording as follows. 
The UL outage time depends on the factors for UL outage time discussed in RF session, to be further checked in RRM session
· UL switching time (UE capability)
· The difference between the TA on the two TAGs, up to MTTD
· Timing and measurement error

Ericsson: the current time mask does not cover the case with different TA on the two carriers, but we can discuss further at the next meeting. The gNB configures the TAGs with their TA. We note that the single-TAG (collocation) case is also subject to timing inaccuracy when operated in the field, there are many different network architectures.
WF (further revised)
Factors for UL outage time discussed in RF session, to be further checked in RRM session
· UL switching time (UE capability)
· The difference between the TA on the two TAGs, up to MTTD
· Timing and measurement error

 
Issue 3-1-3: Sub-topic PUSCH preparation time
· Proposals
· Option 1: PUSCH preparation time has to be extended by the switching period and time difference of the carriers for the leading carrier. (QC)
· QC: LS to ran1 would be needed or alternatively define extended PUSCH preparation time in ran4 requirements.

Related RAN1 conclusion in May meeting:
Conclusion 
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· ……
Recommendation for round 2:
· Focus on the UL 2 bands with 2 TAGs scenario at first.
· Further discuss the need of potential impact on PUSCH preparation time.

Tentative WF 
· The PUSCH preparation time includes the effect of TA and difference between multiple active component carriers in addition to the switching period (Rel-16)
· RAN1 to confirm in case further clarification is needed
Nokia: we support this WF with the understanding that the 2nd bullet means RAN1 discusses this without RAN4 LS. 
China Telecom: we support this WF.
Apple: we support this WF
OPPO: Ok with WF. And this should be decided finally in RAN1.


Technical background (from R4-2204604 quoting from 38.214 Rel-16)
The network must configure a slot offset K2 to accommodate the Toffset required including any effect of timing differences between the switched carriers. In the general case, the PUSCH processing time includes the effect of timing advance and the timing difference between component carriers as given by 38.133 (the MRTD and MTTD requirements) when the UE is configured with multiple active component carriers. The switching Tswitch (the switching period) is added to this as specified in 38.214:
[bookmark: _Toc11352166][bookmark: _Toc20318056][bookmark: _Toc27299954][bookmark: _Toc29673231][bookmark: _Toc29673372][bookmark: _Toc29674365][bookmark: _Toc36645595][bookmark: _Toc45810644][bookmark: _Toc67304498]6.4	UE PUSCH preparation procedure time
If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211]. 
-	For operation with shared spectrum channel access, is calculated according to [4, TS 38.211], otherwise =0.
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
[...]
-	If uplink switching gap is triggered as defined in clause 6.1.6,  equals to the switching gap duration and for the UE configured with higher layer parameter uplinkTxSwitchingOption set to 'dualUL' for uplink carrier aggregation µUL=min(µUL,carrier1, µUL,carrier2), otherwise . 


Issue 3-1-4: DL interruption time for Tx switching with multiple TAGs
· Proposals
· Option 1: In multiple TAGs scenario, longer interruption is expected. Exact interruption length depends on supported MRTD. (Apple)
Tentative agreement:
· To discuss in RRM session.

WF
· to be discussed in the RRM session

Nokia: we agree with the WF.
Issue 3-1-5 UE capability and release independence
· Proposals
· [bookmark: _Hlk112163849]Proposal 1: Switching band combinations for UEs indicating supportedNumberTAG (optional) for a band pair can be specified in a release independent manner from Rel-16 (pending final confirmation from RAN1 that no specification changes are needed in earlier releases for support of multiple-TAG). (E///)
· Proposal 2: (QC)
· RAN4 will discuss further how the switching time capabilities will be defined for different cases of > 2 band TX switching features with > 1 TAG. 
· UE shall be able to declare multi TAG support for TX switching independent of declared capability for multiTAGs


Tentative agreement:
· On release independence: 
· To be discussed after we know requirements and spec impact
· On UE capability:
· It is RAN4 understanding that, based on the current RAN2 signaling design, the supportedNumberTAG can already be reported separately for non-Tx switching and Tx switching scenarios, i.e., it is possible for UE to report 2-TAG for non-Tx switching scenario, and single-TAG for Tx switching scenario.
· For Tx switching scenario, whether it is allowed to report different switching time for 2-TAG case compared to single-TAG case is discussed in Issue 3-1-1.

WF
· To be discussed after we know requirements and spec impact
MediaTek: For release independence, it is too early to discuss before multi-TAG impact on RAN1 spec is confirmed by RAN1
Nokia: we agree with the WF.
China Telecom: we support this WF.

Issue 3-1-6  RAN4 CR text
· Proposed modifications on the CR in R4-2204605 (Ericsson CR submitted to RAN4 #102-e)
· QC proposals:
· Proposal 1: Define new two TAG requirements only for the case when the two cells that are part of the TX switching are assigned for different TAGs. 
· Proposal 2: Change the “UE is not expected to transmit” to “UE not expected to be scheduled for transmissions”.
· Proposal 3: Simplify the language by referring to leading or lagging carriers. 
Recommendation for round 2:
· Further discuss in the next meeting.

WF
· Further discuss at the next meeting

Nokia: we agree with the WF.

Issue 3-1-7 Need of RAN1 spec impact
· Proposals
· Proposal 1: Inform RAN1 in the reply to their LS R4-2211508/R1-2205502 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands and ask whether there are any changes to the RAN1 specifications required for accommodating this. (E///)
· Proposal 2: Extension of PUSCH preparation time, if agreed, may have RAN1 spec impact (QC)

Recommendation for round 2:
· Further discuss. A tdoc number for the LS on multi-TAGs will be requested, and whether the LS can be agreeable is pending on the discussion in round 2. 

· Inform RAN1 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands and ask whether there are any changes to the RAN1 specifications required for accommodating this.

Tentative WF
· Inform RAN1 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands 
· Ask for RAN1 confirmation of the RAN4 understanding of the PUSCH preparation time if needed (see Issue 3-1-3) or any other change
Nokia: RAN1 is going to discuss this anyway. We don’t think the 2nd bullet is necessary.
China Telecom: It is ok to send LS to RAN1 (to let RAN1 to check if any spec impact in RAN1), but the content/wording of the LS should be based on RAN4 agreement.
Ericsson: we agree with Nokia. We just have to tell RAN1 that RAN4 is considering the target scenario below. RAN1 is asking to be triggered by RAN4 before continuing discussion on multiple TAG in RAN1.

WF (revised)
· Inform RAN1 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands 

Huawei: We agree with Nokia that 2nd bullet is not necessary and the first bullet is not necessary either. Until now, RAN4 hasn't reached consensus on which part of 38.101-1 would be changed. And RAN4 does not expect input from RAN1 for the moment with bullet one. No need to send an LS to other WGs before RAN4 has conclusions. 
WF (further revised)
· inform RAN1 that the target scenario considered by RAN4 for the Rel-18 specification is multiple-TAG (dual-TAG) for switching between 2 bands.


Sub-topic 3-2 Additional issue for Tx switching accorss 3/4 bands with multiple TAGs
Issue 3-2-1 Target scenarios
Related RAN1 conclusion in May meeting:
Conclusion 
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· ……
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2
Summary of round 1 discussion
· Option 1: Limit number of TAGs to up to 2 for all the cases in the Rel-18  WI (QC, DCM, CTC, Samsung, OPPO, Xiaomi, Sony, OPPO, E///, Nokia)
· Option 2: Limit number of TAGs for 3 and 4 band cases to 1 (QC, Nokia)
· Option 3: In the scenario of multi-TAG, the switching time masks do not include timing advance difference but the timing advance difference should be considered with the switching time. (HW) 
· Option 4: focus on 2-TAG case at first, and then extend to the same number of bands if time allowed. (ZTE)
Recommendation for round 2:
· Check whether option 1 is agreeable.

WF (as per agreement at the Aug 22 GTW)
Agreement:
· Agree option 1.


0 Recommendations for Tdocs
0.1 [bookmark: _Toc79478150]1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	WF on UL Tx switching across 3/4 bands with single TAG
	China Telecom
	

	
	Reply LS on UL Tx switching across 3 or 4 bands
	China Telecom
	To: RAN1, cc: RAN2

	
	WF on UL Tx switching with multiple TAGs
	Ericsson 
	

	
	LS on UL Tx switching with multiple TAGs
	Ericsson
	To: RAN1
A tdoc number for the LS on multi-TAGs is requested, and whether the LS can be agreeable is pending on the discussion in round 2.



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2211556
	
	Switching period on UL Tx switching across 3 or 4 bands in Rel-18
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2211607
	
	Work plan for REl-18 Multi-carrier enhancements for NR
	NTT DOCOMO INC.
	RAN4 RF part is agreeable
	

	R4-2211625
	
	UL Tx switching across 3/4 bands and Tx switching between 2 bands with 2 TAGs
	China Telecom
	Noted
	

	R4-2211909
	
	On UL Tx switching across 3 or 4 bands
	Apple
	Noted
	

	R4-2212218
	
	Discussion and draft Reply LS on UL Tx switching across 3 or 4 bands in Rel-18
	MediaTek Inc.
	Noted
	

	R4-2212284
	
	Scenarios and switching period for UL Tx switching across 3 or 4 bands
	CMCC
	Noted
	

	R4-2212385
	
	Initial views and draft LS on Rel-18 Multi-carrier enhancements
	NTT DOCOMO INC.
	Noted
	

	R4-2212467
	
	Discussion on UL Tx Switching Across 3 or 4 Bands and Reply LS
	Samsung
	Noted
	

	R4-2212613
	
	Discussion on switching time for multi-carrier enhancement
	Xiaomi
	Noted
	

	R4-2212789
	
	On uplink TX switching across two or more bands
	Ericsson
	Noted
	

	R4-2212807
	
	Discussion and Reply LS on UL Tx switching across 3 or 4 bands in Rel-18
	vivo
	Noted
	

	R4-2213308
	
	R18 Discussion on Tx switching for 3 or 4 bands
	OPPO
	Noted
	

	R4-2213381
	
	Draft reply LS on UL Tx switching across 3 or 4 bands in Rel-18
	ZTE Wistron Telecom AB
	Noted
	

	R4-2213569
	
	Views on switching time UL Tx switching across 3 or 4 bands in Rel-18
	Sony
	Noted
	

	R4-2213628
	
	Discussion on Multi-carrier enhancements
	Huawei, HiSilicon
	Noted
	

	R4-2213632
	
	draft reply LS on UL Tx switching across 3 or 4 bands in Rel-18
	Huawei, HiSilicon
	Noted
	

	R4-2214043
	
	UL TX switching schemes for multiple TAGs
	Qualcomm Incorporated
	Noted
	

	R4-2214044
	
	UL TX switching requirements for two TAGs
	Qualcomm Incorporated
	Noted
	




Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

0.2 [bookmark: _Toc79478151]2nd round 
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	R4-2212220
	
	Discussion on downlink interruption for dynamic Tx switching in R-18
	MediaTek Inc.
	Noted
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