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

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 and 2.2.
· 2nd round: TBA

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

	R4-2304339
	Apple
	Title: On UL MIMO and Tx switching capabilities
Observation #1: Tx switching and UL-MIMO features are configured differently in the Release 18 specifications and implementing UL-MIMO creates cost and design challenges for the UE.
Observation #2: In the current Release 18 specifications, the UL-MIMO feature is only defined for a limited number of NR bands whereas there are several UL CA combinations that do not involve UL-MIMO bands. 
Observation #3: The RF requirements in Release 18 are grouped separately for UL-MIMO and TxD and the corresponding requirements are defined in different clauses. 
Proposal: Given the observations #1, #2, and #3 as described above, we prefer not to mandate the 2-layer UL-MIMO support for carrier (s) capable of 2Tx to provide more flexibility to the UE on implementing those features. Feature independence is desirable for the UE.

	R4-2304162
	Qualcomm Incorporated
	Title: Simultaneous switching
We made three observations:
Observation 1: Case switch {1T,1T,0T,0T} to {0T,0T,1T,1T} is considered single switch from RAN1 perspective but two simultaneous switches from RAN4 perspective.
Observation 2: Simultaneous events in RF domain due to simultaneous TX switching will cause the TX switching time to be longer than when only one TX switching is performed in UE implementation.
Observation 3: If bands are transmitting than the ones involved in switching, the UE internal events may need more time for switching. 
And four proposals
Proposal 1: RAN4 does not need to discuss or wait RAN1 LS response about if the simultaneous switching is possible or not and RAN4 can assume case switch {1T,1T,0T,0T} to {0T,0T,1T,1T} is possible 
Proposal 2: When both TX chain are switched, the switching time is the sum of the two applicable switching periods.
Proposal 3: When another band unaffected by the switching is transmitting while switching between two other band occur, the switching period is double the value declared by the UE for these bands.
Proposal 4: Add values 70 and 175 usec to the possible switching time capabilities. 
We also proposed specification text as follows:
Proposed text for the TS 38101-1:
To cover simultaneous switching:
“When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved. “
The text for the highlighted part need to be aligned with the text which covers the ambiguity and it can be covered with the following text:
“When UE is scheduled for transmissions so that the switching is from two bands with one TX each to another two bands one TX each, denoted for example A+B to C+D, and it cannot be determined if UE switches TX chains from A to C or D or from B to C or D, the switching time is sum of max{Tswitch_A-C, Tswitch_A-D,} and max{Tswitch_B-C, Tswitch_B-D}.”
When UE is scheduled for transmissions on any band and possibly needs internal switching for the unaffected band, the text to cover this part is proposed to be:
“When UE is scheduled for UL transmissions on any band other than the bands involved in switching, the switching time is the sum of switching periods indicated for the band pair involved in switching and the band pair including the unaffected band and the switch-to band”  
To clarify, the Figure 3 is proposed to be added to the TS:
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Figure 3. Switching time when two Tx chains are switched simultaneously. Switching time X is Max(T_Switch_X-Y, T_Switch_X-Z) + Max(T_Switch_W-Z, T_Switch_W-Y)
“Where T_Switch_X-Y is the switching period indicated by the UE between bands X and Y. “


	R4-2304338
	Apple
	Title: On switching period in dualUL cases
Observation #1: If the RF events required for dualUL switching can be performed sequentially, the switching time will be longer whereas if the events are performed simultaneously, the switching time will be shorter. This all depends on the UE RF architecture and implementation.
Observation #2: If the two Tx switching events required for dualUL (AC) and (BD) are not triggered concurrently, the reported UE switching period would be X = XAC + XBD, which could be higher than 210us.
Proposal: For dualUL mode switching between across four bands, and based on the observations described above, we propose the introduction of an advanced optional UE that could report a switching period higher than the current specified value (35us, 140us, 210us), in addition to the baseline UE assumption. 

	R4-2304340
	Apple
	Title: Rel-18 band configurations and fallbacks for TX Switching across 3 or 4 bands
Observation #1: In the current specifications (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1) there are 3-band and 4-band CA combinations where there are no band pairs configured for UL CA. Therefore, UL Tx switching cannot be configured for those band combinations.

Observation #2: Not all the band pairs within a 3-band or 4-band CA combination can be configured for UL Tx switching because in the current specifications there are 3-band and 4-band CA combinations where only some band pairs are configured for UL CA. (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1).

Observation #3: For every band pair configured for UL Tx switching within the 3-band or 4-band CA combination, the switching mode (0Tx+2Tx, 2Tx+0Tx, 1Tx+1Tx) should be defined in the specifications, based on the UL MIMO capability on each band.
Proposal # 1: Based on the three observations made above, and for the ease of implementation, we propose that band configurations for UL Tx switching across 3 and 4 bands shall be included in the specifications.

Proposal # 2: Release 18 specifications for UL Tx switching across 3 or 4 bands should provide paths for Releases 16 and 17 backward compatibilities by specifying the fall backs for every 2-band UL CA pair within the 3-band and 4-band CA combination.

	R4-2304401
	China Telecom
	Title: Remaining issues for NR Multi-carrier enhancements
On the fallback of Rel-18 Tx switching to Rel-16/17 Tx switching:
Proposal 1: For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands,
· If 1Tx-2Tx switching is supported for the band pair, Rel-16 1Tx-2Tx switching is supported as well.
· If 2Tx-2Tx switching is supported for the band pair, Rel-17 2Tx-2Tx switching is supported as well.

On the 2-layer UL-MIMO support for carrier(s) capable of 2Tx:
Proposal 2: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx, considering the UL throughput benefit, moderate complexity increase and specification consistency with the Rel-16/17 Tx switching.

On the additional time mask for dualUL related switching scenarios:
Observation 1: RAN1 agreement on the switching period location is not followed in the figure below.
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Observation 2: For the switching time masks in two figures below, RAN4 can first discuss the feasibility from RAN4 perspective, and the final conclusion on whether to include the two figures into the CR is also pending on RAN1 reply LS to RAN4.
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., the UE indicates [TBD-1] in the capability [TBD tx-on-non-affected-band]
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is not capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., UE does not indicate [TBD-1] in the capability [TBD tx-on-non-affected-band]

On the location of switching period in relation to time T0:
Proposal 3: For Rel-16 and Rel-17, we propose not to define the exact location of Tx switching period in our companion contribution [7]. For Rel-18 Tx switching across 3/4 bands, we are not against to define the exact location, but the new agreement (if any) on the exact switching period location should not conflict with the RAN1 agreement on the configuration of switching period location. 

On the advanced optional UE ability for the scenario with two Tx chains switched between two different band pairs:
Proposal 4: When two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), 
· For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1).
· For the switching scenario with ambiguity, i.e., the two Tx chains are on two different bands both before and after switching, not introduce the advanced optional UE ability.

	R4-2304402
	China Telecom, [NTT DOCOMO, Huawei, Hisilicon, CMCC, OPPO, ZTE]
	Title: CR for 38.101-1: Time mask for switching across three or four uplink bands

	R4-2304465
	Ericsson
	Title: On the time masks for 3-4 band switching, location of T_0 and support of fallbacks
Proposal 1: notwithstanding any specification in 38.214, time masks shall include the location of the switching period and time T0 for all cases from Rel-16 to make clear the following
· that the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission 
· the location of T0 and the switching period in relation to transient periods (the symbol following T0 affected)
Proposal 2: specification the locations of the the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands and is included for all cases.
Proposal 3: for fallbacks of supported Rel-18 band combinations with Tx switching band pairs, it is assumed that 
· the Rel-18 switching band combinations are specified in the 38.101-1 (not only the switching band pairs) 
· the indication of these in supported switching-band combinations of the UE capability also implies the capabilities of the fallbacks in accordance with the current 38.331
· two-band fallbacks can be indicated in addition if capabilities in fallback are different: this can be Rel-16 1T-2T or Rel-17 2T-2T switching capabilities if supported (optional)


	R4-2304873
	MediaTek Inc.
	Title: Discussion on remaining issues on Tx switching
Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Proposal 1: If UE can support all fallback combos, UE can report the 3/4 band combination with Tx switching capability. If UE cannot support all fallback combos for a higher order band combination, the approach in option 2 can be considered.
•Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.

Proposal 2: 
· RAN4 maintains the baseline assumption in Issue 1-2-3 agreed in R4-2220546 during RAN4#105. 
· Neither of the two Tx chains is expected to be used for transmission during the switching periods in Rel-18
Enhancements for Rel-18 Tx switching 
o	Resolving the switching pattern ambiguity issue if it is determined that it is possible that concurrent switching occurs with switching periods for two band pairs:
· Example solution: The order of switching scheduling either via downlink control information (DCI) or RRC commands represents the mapping of Tx switching bands. An example is illustrated below, where, a scheduling of band A and band C, band B and band D is done in such manner that it implies switching from “A+B” to “C+D”, that in this way, switching pattern ambiguity is resolved without any additional signaling overhead.
· By resolving the switching pattern ambiguity issue, the switching period can be the  switching capability of switched band pairs.
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Note: This means new capability is created for this purpose

Proposal 3: The discussion about whether extension of switching period is needed can be discussed in the time mask requirment discussion
	When two overlapping switching periods occur, union of switching periods is extended by the length of the shorter switching period among the switching band pairs based on UE capability
· If UE capability is reported, extension is allowed
· If not reported as a baseline, the union of switching periods applies
· Impacts on network requires for further study
FFS When switching occurs between one band pair and UE has scheduled grants for a third band that is unaffected by the switching, switching period can be double the length of the declared value for that band pair
Sub-topic 1-3: Applicability of DL interruption
Proposal 4: For Rel-18 Tx switching on 3 or 4 band combinations, whether DL interruption is allowed is specified case by case manner.
Proposal 5: Revise 3-band/4-band combination table for the band combo composed of bands with 2nd order and 4th order harmonic frequency relationship in the uplink and downlink carriers, DL interruption is allowed for for Rel-18 TX switching in spec table as example below
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed 
(Note 4)

	CA_n1-n3-n783
	n1, n3, n78
	No for CA_n1-n78, CA_n3-n78 (Note X)

	Note X: DL interruption is allowed when 3-band dynamic Tx switching is conducted




	R4-2304874
	MediaTek Inc.
	Title: Draft LS on Rel-18 UL Tx switching
LS on Ambiguity issue when two Tx chains are switched between two different band pairs

	R4-2305088
	vivo
	Title: Further discussion on RF aspects of UL Tx switching with single TAG
Proposal 1: Not introduce any cross-release restrictions or dependencies for the support of Tx Switching. 
· (i.e. Option 1: UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.)
Proposal 2: Regarding the location of switching period discussed by RAN1, considering to clarify the location is in the gap in case there is sufficient gap in the transition boundary. A draft wording can be:
“For the case that there is sufficient gap with no UL transmission allocated in the boundary, the switching period would be located in the gap and the setting of uplinkTxSwitchingPeriodLocation would have no impact on the swiching period location. A sufficient gap should be larger than or equal to the switching period needed.”
Proposal 3: Do not consider Rel-15 on/off mask for similar gap arrangement for Tx Switching.
Proposal 4: Further discuss whether the complicated scenario is possible or not. 
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Proposal 5: Support the WF on ambiguity issue when two Tx chains are switched, and may seek an approval if possible. 

	R4-2305129
	ZTE Corporation
	Title: On Tx switching across 3 or 4 bands for single TAG
Proposal 1. For the switching scenario without ambiguity, it is feasible to apply the same UE capability for scenario 4a and 4b.
Proposal 2. For the switching scenario with ambiguity, not to introduce the advanced optional UE ability in the current release.
Proposal 3. to combine option 1 and option 2, i.e. 
UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· For a band pair supported Rel-18 1T-2T switching, Rel-16/Rel-17 1T-2T switching is supported as well.
· For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.

	R4-2305185
	NTT DOCOMO INC.
	Title: Views on Rel-18 Tx switching
Observation 1: Based on RAN1 agreement, when the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and if UE performs it as one Tx switching event, then the  switching period should be located at either switching-from band(s) or switching-to band(s).
Observation 2: Although it is not clearly agreed, it seems that majority companies in RAN1 have the following assumption:
· If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE performs it as one TX switching event involving more than 2 bands, otherwise as twice of TX switching events.
Proposal 1: For the first scenario in issue 1-4-3 in last meeting WF, 
· The case of switching period #1 is valid.
· The case of switching period #2 is not valid.
· The case of switching period #3 is valid and #4 is valid independently, but the set of switching period #3 and #4 as illustrated in the figure is not valid.
Observation 3: If the advanced capability is introduced, the second scenario in issue 1-4-3 would be valid.
Proposal 2: For the second scenario in issue 1-4-3 in last meeting WF, 
· If an advanced UE capability is introduced for the case when two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), the scenario is valid.
· Otherwise, it is not valid.
Proposal 3: For the third scenario in issue 1-4-3 in last meeting WF, it is valid.
Observation 4: If we follow the following RAN2 agreement, UE supporting 2Tx needs to indicate UL MIMO capability.
· For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).
Proposal 4: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx

	R4-2305252
	Xiaomi
	Title: Discussion on UL Tx switching
Proposal 1: No need to define the time relationship between the location of the switching period and T_0 in RAN4 specification
Proposal 2: Different location cases of two switching periods should be considered with total switching period for baseline UE capability.

	R4-2305447
	Huawei, HiSilicon
	Title: Discussion on Multi-carrier enhancements with single TAG
Observation 1: Rel-17 2Tx-2Tx switching operation is compatible to Rel-16 1Tx-2Tx switching.
Proposal 1: To get the backward compatibility in Rel-18, for the UE supporting Rel-18 Tx switching, it supports 2Tx-2Tx and 1Tx-2Tx as well.
Observation 2: In the scenario of one band with the number of Tx chain unchanged due to switching, the band pair of switched-from and switched-to is band A+B, and band C is not involved in the switching behavior. Band C is the band with Tx chain unchanged due to switching.
Proposal 2: For the two band pairs switching with one common band, e.g., band pair A+B and band pair B+C, the band B is involved in switching event and it is not the unaffected band.
•	The conclusion that ‘neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods’ should be reused
Observation 3: It is not required to specify the time mask when the time of no UL transmission allocated after the UL transmission on the switch-from band and before the UL transmission on the switch-to band is longer than the switching period.
Observation 4: For two Tx chains switched between two different band pairs, e.g., A+C -> B+D, the sw period lies in either switch-from bands or switch-to bands that are not with the highest priority band.
Proposal 3: T0 is the scheduled starting of UL transmission by gNB even though the transmission on some of the symbols is impacted by switching period, and T0 is not required to be specified in the time mask.
Observation 5: The UE does not expect to perform more than one uplink switching in a slot since Rel-16.
Observation 6: The partial overlapped switching periods and back-to-back switching periods shown in R4-2302751 are not allowed since Rel-16.
Proposal 4: The switching for the two Tx chains are in parallel after the decision of the received scheduling signaling instead of in serial.
Proposal 5: Unnecessarily enlarging the switching period may cause the decline of the performance on Rel-18 Tx switching.
Observation 7: The switching period set agreed in both Rel-17 and Rel-18 is sufficient to simultaneous TX switching of two chains.
Proposal 6: No additional switching period value is required for Rel-18 switching for 2 band pairs
Proposal 7: Synchronized CA between SUL configuration and synchronized CA among 3 or 4 TDD band(s) [‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’] across all TDD bands can be discussed in the basket of Simultaneous Rx/Tx transmission in the case by case manner.

	R4-2305789
	Qualcomm Incorporated
	Title: 3 and 4 band TX switching open issues and requirements

	R4-2305808
	Qualcomm Incorporated
	Title: draft CR on TX Switching when UE is configured for 3 or 4 bands UL
Observation 1: UE is not required to perform two switching between cases in same reference slot 
Observation 2: If two switching’s are triggered in two consecutive reference slots, then the first switching is expected to be finished before the start of the next switching.
Proposal 1: Include clearly the aspect that when two TX chains are switched with different lengths of the switching periods, none of the TX chains are expected to be used for transmissions. 
Our proposal is implemented in the draft CR, below Figure 6.3A.3.3.6-4 with the text:
“    When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of switching periods for the band pairs involved. ”

3.1 Repeated figure pairs that describe rel-16 behaviour
If the existing figures in specifications are not clear enough, then firstly they should be clarified since Figure 6.3A.3.3.6-1 and Figure 6.3A.3.3.6-2 in the CR only define the same requirements as rel-16 behaviour. If clarifying fails, then RAN4 should be to revise the Rel-18 CR with the figures with the one that use correct terminology, as provided in Figure 3.

3.2	 Band configurations
So far, there has not been any discussions or agreements on how 3 and 4-band configurations will be enabled in the specification.  



Open issues summary
Sub-topic 1-1: Exact location of switching period
Background:
RAN1 LS on Rel-16 UL Tx Switching period (R1-2302198/R4-2304008)
· If the gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier to absorb the switching period,
· The time of no UL transmission allocated absorbs the switching period
· Neither of the uplink transmissions (the one ending on the switch-from carrier nor the one starting on the switch-to carrier) are interrupted by the switching period.
· The setting of uplinkTxSwitchingPeriodLocation has no impact.
· Defer the discussion on whether/how to define the exact location of the switching period indicated by the UE capability in time domain to RAN4
· From RAN1 point of view, for Rel-16, the implication is to the time domain location of potential interruption of downlink reception if reported by the UE for the band combination
· Defer the potential RAN1 spec change until RAN4 has had the time to react to the RAN1 LS to RAN4.
· Send an LS to RAN4 requesting RAN4 to, in this regard, clarify TS38.101-1 subclauses 6.3A.3.3.2 and 6.3C.3.1 for CA, and SUL based UL Tx Switching, and to TS38.101-3 subclause 6.3B.4.1 for EN-DC.
RAN4 WF in R4-2303693:
· Further discuss on whether or not to define the time relationship between the location of the switching period and T_0 in RAN4 specification, taking into account the RAN1 agreement.
· Note: Similar change to Rel-16/17/18 if any change is needed.
· Proposals
· Option 1: notwithstanding any specification in 38.214, time masks shall include the location of the switching period and time T0 for all cases from Rel-16 to make clear the following. Specification the locations of the the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands and is included for all cases. (E///)
· that the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission 
· the location of T0 and the switching period in relation to transient periods (the symbol following T0 affected)
· Option 2: No need to define the time relationship between the location of the switching period and T_0 in RAN4 specification (Xiaomi, vivo, Huawei)
· vivo: clarify the location is in the gap in case there is sufficient gap in the transition boundary. A draft wording can be:
“For the case that there is sufficient gap with no UL transmission allocated in the boundary, the switching period would be located in the gap and the setting of uplinkTxSwitchingPeriodLocation would have no impact on the swiching period location. A sufficient gap should be larger than or equal to the switching period needed.”
· HW: T0 is the scheduled starting of UL transmission by gNB even though the transmission on some of the symbols is impacted by switching period, and T0 is not required to be specified in the time mask.
It is not required to specify the time mask when the time of no UL transmission allocated after the UL transmission on the switch-from band and before the UL transmission on the switch-to band is longer than the switching period.
· Option 3: For Rel-16 and Rel-17, we propose not to define the exact location of Tx switching period. For Rel-18 Tx switching across 3/4 bands, we are not against to define the exact location, but the new agreement (if any) on the exact switching period location should not conflict with the following RAN1 agreement on the configuration of switching period location. (China Telecom)
· The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.
· Recommended WF
· Further discuss.
	Company
	Comments

	Huawei
	Option 2.
Introducing additional time domain location of switching period in Rel-16/17 spec may have NBC issue. 
Besides, the switching period location illustrated in time mask is used to distinguish the transmission on which carrier to be impacted due to Tx switching. If there is sufficient time domain resource for uplink switching, which results in neither of the transmission on switch-from and switch-to band is impacted, it is not required to specify the time mask for uplink.

	Xiaomi
	We support option 2. The switching period is located in the gap that is affected symbols based on scheduling restriction and the location should be up to UE implementation. For the time mask requirements, it is adequate to indicate the switching period located on switch-from or switch-to carrier. We see no need to restrict the location of switching period related to T_0.

	China Telecom
	For Rel-18, we are open to discuss the exact location of switching period. 
However, in our understanding, the Option 1 is conflicting with the following RAN1 agreement:
· The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.
Option 1 proposes that “the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission”. With option 1, when the UL un-scheduled time duration is shorter than the length of switching period, UE will always omit part of UL transmission on the switch-from carrier, which is not aligned with the priority agreed in RAN1.

	Ericsson
	Option 1. For the two-band case we made the following comment (thread #151)
· scheduling is challenging if the switching period location when the UE is not expected to transmit is unspecified and can appear anytime during Toffset (preparation time) preceding T0 for PUSCH, SRS or PUCCH on the “switched-to” carrier.  
· the location of the DL interruptions, if allowed, would be uncertain and could occur anytime during Toffset. The DL interruption only occurs during the UL switch.
This would be exacerbated for the 3-4 band cases with
· switching periods for overlapping and adjacent switching periods with different lengths, notwithstanding all the advanced options below
· DL interruption on some DL bands that would overlap with these switching periods, can lead to missed PDCCH
· dual TAG that is perhaps not unlikely with four bands
where and when to schedule transmissions?  
One the NBC issue: that there are legacy UEs with a switch up to implementation should not prevent changes and specified behavior for new UEs. For these legacy UEs a gNB would be unaware of the switching location regardless of any specification changes. 
To CTC: see reply to sub-topic #2.1. A specification of the switching period w r t T0 would allow the gNB to schedule the UE in a predictable manner with T0 on the priority carrier. The UE is not expected to transmit during the switching period, but this does not mean that the gNB cannot schedule the UE during this gap (symbols not transmitted). 

	Nokia
	We support option 1 – It may be difficult to conclude this discussion before the discussion in thread #151 have concluded.

	Apple
	We prefer Option 1 which is based on Ericsson’s proposal. We would however like to use the following language to describe the location of the switching period: “The switching period end should be anchored to the start of the UL allocation in the “switch to” carrier. This is captured in the diagram below. We sent an LS (R4-2304337) to RAN1 in response to their LS (2304008) on this topic.
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	Qualcomm
	We prefer option 1, however, we appreciate the technical concern provided by China telecom. Maybe the concern can be addressed as follows: 
1) For figures, since they are valid only in UL grant congested situation, if sw period is configured to the switch-to band, then the sw period should be drawn after T0. 
For text, wording could be changed accordingly: “When switching period is configured to the switch-from carrier, the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission. When switching period is configured to switch-to carrier, the switching period immediately follows the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission” 

	Huawei
	The T0 is appeared in RAN1 spec TS38.214, and it is introduced in Rel-16 to avoid twisted-order scheduling. In the example in Figure 1, the UL grant#1 is received with the last symbol at T0-Toffset, and is to scheduling the UL transmission#1 starting at T0. Then the UE receives UL grant#2 after T0-Toffset, and the UL grant#2 is used to trigger new uplink switching before T0. This out-of-order scheduling is treated as an error case and should be avoided.
	TS38.214 section 6.1.6 Uplink switching
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
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To Ericsson, we understand your intention, but T0 is a time location related to network scheduling. In option 1, if a time spot for the actual starting point of PUSCH after switching needs to be specified, a mixed use of T0 in RAN1 spec is not expected considering T0 has a different meaning from what Ericsson wants.

	vivo
	For Rel-16/17, the exact location is not needed. For Rel-18, further discussion is needed.

	
	

	
	



Sub-topic 1-2: Switching case across four bands, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}
Issue 1-2-1:  Feasibility of this switching case
Background: 
RAN4 question to RAN1 in R4-2303507:
From RAN1 perspective, is it possible that the two Tx chains are switched concurrently between two different band pairs and with overlapping switching period? Two examples are given below:
· Example #1: In the case of 3-band Tx switching, the switching is performed from 1T+1T on band A and B to 2T on band C.
· Example #2: In the case of 4-band Tx switching, the switching is performed from 1T+1T on band A and B to 1T+1T on band C and D.
· Proposals on whether the switching scenario of {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} is feasible?
· Option 1: Feasible (Qualcomm, NTT DOCOMO)
· QC: RAN4 does not need to discuss or wait RAN1 LS response about if the simultaneous switching is possible or not and RAN4 can assume case switch {1T,1T,0T,0T} to {0T,0T,1T,1T} is possible
· NTT DOCOMO: It’s possible given that majority companies in RAN1 have the following assumption, although it is not clearly agreed
If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE performs it as one TX switching event involving more than 2 bands, otherwise as twice of TX switching events.
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	We tend to agree with NTT DOCOMO that the case does not happen where the switching period is located across switching-from band and switching-to band according to RAN1’s agreement.
If the end of the switching for one Tx chain is before the start of the switching for the other Tx chain, it is 2 Tx switching events and each should be considered as Tx switching among at most 3 bands. Otherwise it should be one Tx switching.
[image: ]
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	Xiaomi
	Option 1. Based on RAN1 agreements, the switching scenario of {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} is feasible. But the key point is the location relationship between two switching period on each band pair.

	MediaTek
	Option 1. This is feasible. Whether UE can support concurrent switching on the two TX chains can be discussed separately.

	China Telecom
	We agree with DCM’s proposal.

	OPPO
	Option 1.

	Ericsson
	The figure by Huawei is illuminating: can transmissions start on band D during the overlap with the switch to band B? Is the overall switching period the sum of the two (no matter the RRC configuration of the switching period)? This makes sense, the TX chains switched sequentially, then the transmissions could start simultaneously on B and D at symbol 11. Or later? The Toffset  preceding T0 can be much longer than the switching period depending on UE capability and scheduling)
The DL interruption may only occur during one of the two switching periods depending on the frequency relations between the bands. 
The above case also subject to capability (RAN1) if the switches are considered sequential in time (“X” = 0 us).

	Apple
	We prefer Option 1: This switching scenario is possible. From RAN1 perspective, this scenario is seen as a simultaneous operation, even though this requires two switching operations. If the two switchings happen during the allocated switching period, this will agree with RAN1.

	Qualcomm
	Option 1

	ZTE
	Option 1

	CMCC
	Option 1

	DOCOMO
	Option1 according to our understanding.

	vivo
	Option 1



Issue 1-2-2:  Location of switching period
· Issue: Is the switching period location in the following figure possible?
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· Related RAN1 agreement:
Alt.5: gNB configures priorities to each carrier/band.
•	The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.
· Observations on whether or not the switching period location in the above figure is possible
· Option 1: RAN1 agreement on the switching period location is not followed in the figure. (NTT DOCOMO, China Telecom, vivo, Huawei)
· NTT DOCOMO: 
· The case of switching period #1 is valid.
· The case of switching period #2 is not valid.
· The case of switching period #3 is valid and #4 is valid independently, but the set of switching period #3 and #4 as illustrated in the figure is not valid.
· HW: For two Tx chains switched between two different band pairs, e.g., A+C -> B+D, the sw period lies in either switch-from bands or switch-to bands that are not with the highest priority band.
· Recommended WF
· Observation: The location of switching period in the figure above is not valid since it is not aligned with the RAN1 agreement. 
	Company
	Comments

	Huawei
	Agree with Moderator’s recommend WF.
For switching period#3, it is a 3 band involved switching with Band W-> Band X, and the Tx chain on band Z is un-changed. So is switching period#4. 
Even if we have to consider the combination of illustration for switching period #3&4, the switching period should be on either switch-from bands or switch-to bands to align with RAN1’s agreement.

	Xiaomi
	Option 1. We share similar understanding that the case of switching period #2 is not valid because the switching period is cross-boundary. It is not aligned with Ran1 agreements.

	China Telecom
	Agree with the recommended WF. 

	Ericsson
	No matter the switching length for case #1 above the UE is not expected to transmit for a period longer than switching period #1. Is this configured location (switch from) the same regardless of the starting time of transmission (T0) on band Z? This could be a 2-port SRS for example but with no preceding PUSCH
For the above case we would expect something like the below, the switching period extended due simultaneous switching but both switching period lengths X and Y (capability) immediately preceding each T0 and no transmissions during the switching.
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If carrier 1 is released (fallback) then the switching period is X us.

	Apple
	We agree with the recommended WF. The switching period is located in both carriers which does not follow RAN1 agreement.

	CMCC
	Agree with recommended WF

	DOCOMO
	We agree with the recommended WF.

	vivo
	Our understanding is RAN1 agreement may also have some other interpretations that impact the feasibility here. However if majority companies think so we can accept recommended WF.

	
	

	
	

	
	



Issue 1-2-3:  Advanced optional UE ability 
· Proposals:
· Option 1: For the switching scenario with ambiguity, i.e., the two Tx chains are on two different bands both before and after switching, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}, not introduce the advanced optional UE ability in the current release. (China Telecom, ZTE)
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	The baseline assumption agreed for the switching of {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} is the maximum switching period. Resolving the ambiguity issue may result in shorter switching period, which would be an optional UE ability.

	Xiaomi
	Option 1. This is also aligned with the previous agreements related to ambiguity issue

	MediaTek
	Fine with the proposal. We see benefit to introduce an optional UE capability if the ambiguity issue can be resolved without additional pay on signaling overhead.

	China Telecom
	Option 1.

	OPPO
	Option 1.

	Apple
	We agree with Option 1 to not introduce a special UE for scenario shown below because based on previous agreements, the UE is not supposed to transmit during the switchings.
[image: ]    

	Qualcomm
	Not really sure what ambiguity the WF is proposing not to introduce a capability to? Ambiguity of applicable valid switch period A->C or A->D or ambiguity of UE needing to switch two chains simultaneously and needing more time for it or not. In general, in 3GPP, is hard to make an agreement NOT to do something.  And what is the difference between 1-2-3 and 1-2-4?

	ZTE
	Option 1.

	CMCC
	OK with Option 1 to not introduce this capability in Rel-18.

	vivo
	Sharing Qualcomm’s question and also not so clear about this issue.

	
	



Issue 1-2-4:  Resolving the ambiguity issue 
· Proposals
· Proposal 1: Enhancements for Rel-18 Tx switching:  Resolving the switching pattern ambiguity issue if it is determined that it is possible that concurrent switching occurs with switching periods for two band pairs: (MTK)
· Example solution: The order of switching scheduling either via downlink control information (DCI) or RRC commands represents the mapping of Tx switching bands. An example is illustrated below, where, a scheduling of band A and band C, band B and band D is done in such manner that it implies switching from “A+B” to “C+D”, that in this way, switching pattern ambiguity is resolved without any additional signaling overhead.
· By resolving the switching pattern ambiguity issue, the switching period can be the  switching capability of switched band pairs.
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Note: This means new capability is created for this purpose
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	Considering there is no TU in RAN1 for Tx switching in Rel-18, it is less possible for RAN1 to discuss the issue even though RAN4 send the LS. If the ambiguity issue has impact on the performance, it should be solved in RAN4.

	Xiaomi
	We prefer to keep the previous agreement that could solve the ambiguity issue. 

	MediaTek
	In response to Huawei, the solution does not impact RAN1 specs but RAN2 signaling. It does not require additional signaling overhead.

	OPPO
	We see no strong necessity in this Rel-18, and can be further considered in future release.

	Ericsson
	The proposal is worth considering as it helps keeping track of the T states.

	Apple
	This could be OK as a new capability

	Qualcomm
	This would be overlapping with the “sum of switching periods” issue. 
To MTK, we symphatise with the improvement effort since it would potentially minimize the overall switching time. In your example, using order of DCI, so what if the same DCI carrier grants for both bands? 
Current agreement is max of sw periods (A->B, A->D, B->C, B->D) but there are only three possible values and it is unlikely same UE will declare three different values. Optimization will help if one of the values is longer than the other and then it is not the case. Given that the case {1T,1T,0,0} to {0,0,1T,1T} for which this applies to is rare and that the UE declaring many different values is also not common, the benefit is not very frequent. I would like to hear other companies opinions about this view?

	ZTE
	The proposal it worth consdering for further enhancement. 

	vivo
	This capability can be useful, but seems to be difficult in current release.

	
	

	
	



Sub-topic 1-3: Switching case across three bands, i.e., switch between {1T, 1T, 0T} and {0T, 0T, 2T}
Issue 1-3-1:  Feasibility of this switching case
· Proposals
· Option 1: the following scenario is valid. (NTT DOCOMO)
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· Option 2: RAN4 can first discuss the feasibility from RAN4 perspective, and the final conclusion on whether to include the figure into the CR is also pending on RAN1 reply LS to RAN4. (China Telecom)
· Recommended WF
· From RAN4 perspective, the switching scenario (switch between {1T, 1T, 0T} and {0T, 0T, 2T}) in the above figure is possible.
	Company
	Comments

	Huawei
	Support the recommended WF from moderator.

	Xiaomi
	Whether to use max(X1, X2) or other value is related to the location relationship between two switching periods. If two switching periods are overlapped and starting at the same time, the long period should be followed, i.e., max(X1, X2). Otherwise larger switching period might be needed. 

	MediaTek
	Fine with recommended WF

	China Telecom
	Agree with the recommended WF

	Apple
	0.1.1.1 This is a valid scenario, based on the previous WFs for 3-band switching cases.
 (RP-223557)

	Qualcomm
	agree

	ZTE
	Fine with recommended WF

	CMCC
	Agree with recommended WF

	DOCOMO
	Agree with the recommended WF

	vivo
	Agree the recommended WF.

	
	



Issue 1-3-2:  Advanced optional UE ability 
· Proposals:
· Option 1: For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching (switch between {1T, 1T, 0T} and {0T, 0T, 2T}), introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1). (China Telecom, ZTE)
· Tswitch_1 and Tswitch_2 are the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2.
· Option 1a: apply the same UE capability for this scenario and for the following scenario agreed in the previous meetings. (ZTE)
RAN4 LS approved in R4-2303507:
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C” or “band D” in the case of 4-band) and the number of Tx chain on band C or band D is unchanged due to the switching, RAN4 agreed the granularity of the optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged  during UL switching as follows: 
· Per band (only for the band(s) in the band combination but not included in the pair of bands before and after switching) for each pair of bands before and after switching in each band combination.
· Recommended WF
· Further discuss
	Company
	Comments

	Xiaomi
	Ok with the optional UE capability. Whether or not the duration of Tswitch_2 - Tswitch_1 to be used for transmission is associated with the location of two switching period. 

	MediaTek
	Fine with option 1a for the UE supports advanced optional capability.

	China Telecom
	Agree with option 1 and option 1a.

	OPPO
	For clarification: “two Tx chains are on the same band before or after switching (switch between {1T, 1T, 0T} and {0T, 0T, 2T})” which Tx chain is on the same band in this case? It seems both Tx chains has changed its operating band, i.e. from A to C, and from B to C.
If this is for the case where both Tx chain has changed its operating band, then we may prefer not to introduce this UE capability.

	Apple
	The optional UE shown in scenario #1 has already been agreed on in the previous meetings. We see scenario #2 and scenario #3 as similar scenario #4 which is discussed in sub-topic 1-2-3. PLL frequency pulling could be an issue here for both scenarios #2 and #3. So, we don’t want to introduce an optional UE capability for scenarios #2 and #3.

                       Scenario #1.                                                   Scenario #2                                                    Scenario #3
[image: ]        [image: ]           [image: ]                
                
                    Scenario #4
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	Qualcomm
	Agree with Oppo here, we should not agree this with this text. The ZTE paper is not that clear but it seems the proposed case is when tx chains are switched to same band for 2T and the switching times are of different values, can UE start transmitting on 1-port before the switching of the other TX chain is ready. This maybe related to an open item in ran1, in this kind of scenario, UE would receive a 2-layer grant. What is the UE behavior if it starts to transmit on one layer only of the 2-layer grant and later starts to transmit also the other layer. Does UE start from the beginning of the 2nd layer or from the symbol that is aligned with the current first layer symbol? 
Since the capability is there it could be used but as per our proposals for prolonging the switching time when ever UE needs to switch two TX chains for such case. Companies should really consider the full system design for such capabilities and if they are actually usable or not.  

	ZTE
	Option 1 and option 1a.

	
	

	
	

	
	

	
	



Sub-topic 1-4: Length of switching time for certain scenarios
Background:
RAN4 #104-e agreement (R4-2214464)
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
RAN4 #106-e agreement (R4-2303507):
RAN4 discussed the exact value of Tx switching period for each band pair in the band combination, and has agreed that:
· For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations.
· Note 1: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.
· Note 2: here the band pair is a pair of bands within which there is a switching with a switching period.

Issue 1-4-1: Switching case across four bands, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}
· Proposals
· Option 1: As optional UE behaviour, add new values in addition to the agreed set (Apple, QC)
· Apple: the introduction of an advanced optional UE that could report a switching period higher than the current specified value (35us, 140us, 210us), in addition to the baseline UE assumption.
· QC: Value can be one of {35, 70, 140, 175, 210} usec.
· Option 2: Sum of two switching periods  (QC)
· When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.
· When UE is scheduled for transmissions so that the switching is from two bands with one TX each to another two bands one TX each, denoted for example A+B to C+D, and it cannot be determined if UE switches TX chains from A to C or D or from B to C or D, the switching time is sum of max{Tswitch_A-C, Tswitch_A-D,} and max{Tswitch_B-C, Tswitch_B-D}.
· Include clearly the aspect that when two TX chains are switched with different lengths of the switching periods, none of the TX chains are expected to be used for transmissions.
· Option 3: Unnecessarily enlarging the switching period may cause the decline of the performance on Rel-18 Tx switching. (HW)
· The switching period set agreed in both Rel-17 and Rel-18 is sufficient to simultaneous TX switching of two chains.
· No additional switching period value is required for Rel-18 switching for 2 band pairs
· Recommended WF
· Further discuss. Given the implementation considerations from the chipset side, companies are encouraged to take the option 1 and/or option 2 into account. Meanwhile, to respect the agreements we made in the previous meetings, could it be a compromise to consider option 1 and/or option 2 as optional UE behaviour while the baseline UE behaviour is kept unchanged?
	Company
	Comments

	Huawei
	Option 4.
The two Tx chains should be able to execute switching in parallel to fully utilize the limited uplink resource and enhance uplink performance. If the inferior UE can only support Tx chains switching in serial, it should support Rel-16/17 feature, rather than Rel-18, given that this kind of UE cannot get good enough uplink performance due to unnecessarily enlarging the switching period in vain.
RAN4 has made some agreements on baseline assumption for Tx switching among more than 2 bands. The baseline is the worst capability. Much worse capability is not required in Rel-18.

	Xiaomi
	Option 1 or option 2 can be further discussed. Our understanding is that the switching period can be enlarged by considering the different locations of overlapped switching periods. 

	MediaTek
	Total switching period may need some extension if UE is not capable for concurrent TX switching on the two TX chains.

	OPPO
	Question for Option 1: it seems the new values to be defined in this {35, 70, 140, 175, 210} is middle values, i.e. 70 and 175. It means even in serial the two-switching period will not exceed 210us in the implementation. Then, a simpler approach might be to report the next larger switching period, for example, UE report 35 in single switch event can report 140 in dual switching even, though may not be optimal. 
In this way the whole feature will be kept in consistent and no differentiation of serial or parallel switching UE capabilities, otherwise, UE will be fragmented to two kinds, serial or parallel switching which is unnecessary.
In this case, an alternative might be: Still keep the values {35, 140, 210}, and allow UE to report different value (e.g. next larger value) for a band pair in this four band switching compared to two band Tx switching. (RAN4 has already agreed the 3/4 band Tx switching can have different reporting value from Rel-16/17 for the same band pair)

	Apple
	For dualUL TX switching (two simultaneous switchings), the composite switching period could either be the sum of the two periods or the maximum of the two periods, depending on the relative position of the two periods. In addition, duaUL implementation could also result into higher switching periods because all the RF events necessary for switching may not be performed concurrently, depending on the implementation.
Because of the reasons mentioned above, we propose adding more switching period values in the list (35uS, 140uS, 210uS) to accommodate dualUL switching cases. We support the new list proposed by QC. 
The situation could be even more complex for multi-TAG scenarios where the witching periods may not be adjacent so the composite period could be much longer.

	Qualcomm
	It is expected that the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} is rare. It would mean that two bands would have better channel conditions exactly at the same slot, and that one carrier would have four bands? Would that be n8, n3, n41 and n78? And UE would support and network would schedule dualUL between these bands when the switch happens. It is marginal case. 
Our proposal is to allow UE to declare the optimized value for any single switch between two bands knowing that when UE needs to perform other switching’s in same instance, it is allow for more time. 
We do not appreciate Huawei’s view that this proposal worsens the feature, the intention is to improve it by contributing about UE implementation aspects and allowing a relaxation for an extremely rare case to benefit the more frequent cases. If Huawei is concerned about the network impact, this issue can be avoided by never scheduling the 1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} case or by not utilizing dualUL option, which to our understanding is not very common anyway. 
To Oppos question, we are open for a dedicated capability such that UE would declare the switching period for this case separately, and if some companies have performance concerns then we should increase the granularity of the possible switching periods. We are open for any option but this feature already has so many capabilities, that it would be simplest to just define in spec, as option 2 proposes, that switching time is the sum of switching periods.

	ZTE
	It was already agreed that the same sets of the R16/17 requirements are applied for R18 switching period, so if the different switching period are defined, does it mean a new UE capability may be needed for the UE reporting the longer switching period?
And one question on Proposal 1.
if the two applicable switching periods are 140us and 210us, then switching time should be 350us (sum of switching periods)?, it is out of {35, 70, 140, 175, 210} usec.
 

	Huawei
	We don’t think adding new values in addition to the agreed set or introducing sum of two switching periods is necessary in Rel-18. 
2Tx chains switching is supported in Rel-17. From Qualcomm’s paper, The two chains would switch sequentially for Rel-18. And the sequentially pattern must be also supported in Rel-17, thus the switching period set {35us, 140us, 210us} agreed in Rel-17 is adequate in Rel-18 with flexibility. If UE is not able to execute switching within smaller switching period, it can report the next larger value. 
For adding new values in addition to the agreed set, we notice what Qualcomm proposes is just adding the middle value with 35us+35us and 35us +140us. We are curious why there is no additional value based on 210us. Is it 210us a useless value in the switching period set? If so, we recommend to delete 210us in the set. 
For introducing sum of two switching periods, it may lead to the conflict with RAN1’s conclusion that the band with highest priority should not be impacted. And the extended switching period spreads among switch-from and switch-to bands, it is not expected. The aim we introduce the feature of Rel-18 Tx switching is to use the uplink resources in more bands considering there is fewer UL resource for TDD. This kind of waste of UL resource in vain is not expected, and it is not helpful to improve the uplink performance.
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Issue 1-4-2: Switching case across three bands, i.e., {1T, 1T, 0T} to {0T, 0T, 2T}
· Proposals
· Option 1: As optional UE behaviour, add new values in addition to the agreed set (QC)
· QC: Value can be one of {35, 70, 140, 175, 210} usec.
· Option 2: Sum of two switching periods (QC)
· When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.
· Option 3: When two overlapping switching periods occur, union of switching periods is extended by the length of the shorter switching period among the switching band pairs based on UE capability (MTK)
· If UE capability is reported, extension is allowed
· If not reported as a baseline, the union of switching periods applies
· Impacts on network requires for further study
· Option 4: Unnecessarily enlarging the switching period may cause the decline of the performance on Rel-18 Tx switching. (HW)
· The switching period set agreed in both Rel-17 and Rel-18 is sufficient to simultaneous TX switching of two chains.
· No additional switching period value is required for Rel-18 switching for 2 band pairs
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	Option 4.

	Xiaomi
	Option 1 or option 2 can be further discussed. Our understanding is that the switching period can be enlarged by considering the different locations of overlapped switching periods. 

	MediaTek
	Total switching period may need some extension if UE is not capable for concurrent TX switching on the two TX chains.

	OPPO
	Question for Option 1: it seems the new values to be defined in this {35, 70, 140, 175, 210} is middle values, i.e. 70 and 175. It means even in serial the two-switching period will not exceed 210us in the implementation. Then, a simpler approach might be to report the next larger switching period, for example, UE report 35 in single switch event can report 140 in dual switching even, though may not be optimal. 
In this way the whole feature will be kept in consistent and no differentiation of serial or parallel switching UE capabilities, otherwise, UE will be fragmented to two kinds, serial or parallel switching which is unnecessary.
In this case, an alternative might be: Still keep the values {35, 140, 210}, and allow UE to report different value for a band pair in this three band switching compared to two band Tx switching. (RAN4 has already agreed the 3/4 band Tx switching can have different reporting value from Rel-16/17 for the same band pair)

	Apple
	This switching scenario is a variant of the dualUL switching. Therefore, our comments on sub-topic 1-4-1 apply here.

	Qualcomm
	See comments for issue 1-4-1. Same applies. 

	ZTE
	Same as above.

	
	

	
	

	
	

	
	



Issue 1-4-3: The unaffected band case
· Proposals
· Option 1: When UE is scheduled for UL transmissions on any band other than the bands involved in switching, the switching time is the sum of switching periods indicated for the band pair involved in switching and the band pair including the unaffected band and the switch-to band  (QC)
· Option 2: FFS When switching occurs between one band pair and UE has scheduled grants for a third band that is unaffected by the switching, switching period can be double the length of the declared value for that band pair (MTK)
· Option 3: For the two band pairs switching with one common band, e.g., band pair A+B and band pair B+C, the band B is involved in switching event and it is not the unaffected band. (Huawei)
· The conclusion that ‘neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods’ should be reused
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	Option 3.

	Apple
	We agree with Option 1.

	Qualcomm
	We recognize this is case is harder to confine and define in specs. Option 1 is our preference as proponent. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Sub-topic 1-5: 2-layer UL-MIMO support for carrier(s) capable of 2Tx
Background (in WF R4-2303693):
· Further discuss on whether or not to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx.

· Proposals
· Option 1: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx (China Telecom, NTT DOCOMO)
· China Telecom: consider the UL throughput benefit, moderate complexity increase and specification consistency with the Rel-16/17 Tx switching.
· NTT DOCOMO: If we follow the following RAN2 agreement, UE supporting 2Tx needs to indicate UL MIMO capability.
For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).
· Option 2: Not mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx (Apple)
· Apple
· Tx switching and UL-MIMO features are configured differently in the Release 18 specifications and implementing UL-MIMO creates cost and design challenges for the UE.
· In the current Release 18 specifications, the UL-MIMO feature is only defined for a limited number of NR bands whereas there are several UL CA combinations that do not involve UL-MIMO bands. 
· The RF requirements in Release 18 are grouped separately for UL-MIMO and TxD and the corresponding requirements are defined in different clauses. 
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	Option 1.
Mandating 2-layer UL-MIMO for carrier of 2Tx is consistent with Rel-17. It should be supported in Rel-18.

	MediaTek
	Option 2. UL MIMO is optional UE capability

	China Telecom
	Option 1, for the reasons we provided as above.

	Ericsson
	Option 2. We expect that bands of switching band combinations supported by the UE are subject to the same rules in 38.306 as other bands. 

	Apple
	We prefer to have feature independence and not mandate UL MIMO for any UE capable of 2TX because of the following reasons:
· - UL MIMO and Tx switching features are indicated by separate capability signallings 
- Implementation complexity and cost of UL-MIMO prevent this feature to be widely deployed


	Qualcomm
	This would mean that any band supporting PC1.5 would then also have to support UL MIMO. Also same for any band supporting TxD. Can UE declare support for PC1.5 but only 1Tx support in TX switching context? Or is the 2Tx inherited from other non-TX switching capabilities?  

	CMCC
	Option 1. 

	DOCOMO
	Option 1.
RAN2 agreed that UL MIMO capability is used for UE to indicate 2Tx support. It means that UE need to indicate UL MIMO capability if UE wants to indicate 2Tx capability.
· For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).

Basically, we would like to respect the RAN2 agreement. We are not sure if it is common implementation where UE supports 2Tx but does not support UL MIMO.


	
	

	
	

	
	



Sub-topic 1-6: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Background:
Two candidate options were listed in the WF R4-2303693:
· Option 1: 
UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· Other options are not precluded

· Proposals
· Option 1 (vivo): UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations. 
· vivo: Not introduce any cross-release restrictions or dependencies for the support of Tx Switching.
· Option 2 (China Telecom, Huawei): For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands,
· If 1Tx-2Tx switching is supported for the band pair, Rel-16 1Tx-2Tx switching is supported as well.
· If 2Tx-2Tx switching is supported for the band pair, Rel-17 2Tx-2Tx switching is supported as well.
· Option 3 (Apple): Release 18 specifications for UL Tx switching across 3 or 4 bands should provide paths for Releases 16 and 17 backward compatibilities by specifying the fall backs for every 2-band UL CA pair within the 3-band and 4-band CA combination. 
· Option 4: (E///)
· the indication of these in supported switching-band combinations of the UE capability also implies the capabilities of the fallbacks in accordance with the current 38.331
· two-band fallbacks can be indicated in addition if capabilities in fallback are different: this can be Rel-16 1T-2T or Rel-17 2T-2T switching capabilities if supported (optional)
· Option 5: (MTK)
· If UE can support all fallback combos, UE can report the 3/4 band combination with Tx switching capability to save capability signaling overhead.
· If UE cannot support all fallback combos for a higher order band combination, the approach in option 2 can be considered.
· For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
· For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· NOTE: UL CA cannot be supported in some band pair(s) of the band combination.
· Option 6 (ZTE): to combine option 1 and option 2, i.e. 
· UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· For a band pair supported Rel-18 1T-2T switching, Rel-16/Rel-17 1T-2T switching is supported as well.
· For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· Recommended WF
· Is it possible to go with the principle in option 4 from E///? In addition, the issue that UL CA cannot be supported in some band pair(s) of the band combination (mentioned by MTK) should be considered. 
	Company
	Comments

	Huawei
	To get the backward compatibility in Rel-18, for the UE supporting Rel-18 Tx switching, it supports 2Tx-2Tx and 1Tx-2Tx as well.

	MediaTek
	Option 5 as a merge of option 1 & 2. Though option 4 & 6 are not controversial, from UE implementation, if there are two TX chains on UE for 3 or 4 bands TX switching, only when every band support 2-TX (two PAs on all bands) can one UE support all fallback two-band UL CA as we illustrated in our contribution. We don’t think this is a normal case that can happen on most UEs.

	China Telecom
	We support option 2. The fallback should be supported, which is very similar as the fallback of high-order normal CA to low-order normal CA.
We can compromise to option 4 to leave more flexibility to UE. 

To MTK, if UE does not support 2-Tx on both bands in one band pair, then the UE only support 1Tx-1Tx switching for the band pair, and fallback to 1Tx-2Tx or 2Tx-2Tx switching is not required based on option 2. 

	OPPO
	Option 1 in our view is clean solution and no complex cross dependency. 
The concept of Rel-16/17/18 Tx switching easily cause confusing, it is better to use the capability IE instead since this is what NW/UE can see.
Generally UE can indicate the Tx switching period capability IE independently in our view at least between Rel-18 and Rel-16/17.

	Ericsson
	The existing Rel-16 (and proposed Rel-18) switching BC entries contains a list of bands and a list of switching band pairs, up to 6 pairs with 4 bands. We expect that these will be subject to the same rules as other BC without switching. A UE need not support switching across all band pairs (optional). If one carrier/band is released, then all band pairs with this band would also be released and the resulting fallback inherits the capability of the parent BC. This may be the same as a corresponding Rel-16/17 case; if not then the UE can indicate the fallback separately (and the network trigger accordingly in the reconfiguration). But obviously a RAN2 matter.
This should perhaps also be discussed when considering the advanced options for switching periods and combinations of different indicated switching periods.

	Apple
	We prefer option1.  If all the band pairs within the 3-band and 4-band CA combos can be configured for UL TX switching, UE can report the 3/4 band combination with Tx switching capability.

	Qualcomm
	Option 1 or 4. We recognize that fallbacks can be consistent but it is not correct to say based on rel-18 capability declaration, UE is mandated to support rel-16 feature. Not sure of the difference between option 1 and 4. 

	ZTE
	option 4 and option 6 are not controversial, we can compromise with Option 4. We think the current band combination fall backs rule shall be kept. For the issues provided by MTK, yes, there exist some band combination where UL CA cannot be supported in some band pair(s) of the band combination

	vivo
	Option 1. This is both clean and simple.

	
	

	
	



Sub-topic 1-7: Band configurations for Rel-18 Tx switching
· Proposals: 
· Option 1: band configurations for UL Tx switching across 3 and 4 bands shall be included in the specifications. (Apple, E///)
· Apple: 
· For the ease of implementation
· In the current specifications (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1) there are 3-band and 4-band CA combinations where there are no band pairs configured for UL CA. Therefore, UL Tx switching cannot be configured for those band combinations.
· Not all the band pairs within a 3-band or 4-band CA combination can be configured for UL Tx switching because in the current specifications there are 3-band and 4-band CA combinations where only some band pairs are configured for UL CA. (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1).
· For every band pair configured for UL Tx switching within the 3-band or 4-band CA combination, the switching mode (0Tx+2Tx, 2Tx+0Tx, 1Tx+1Tx) should be defined in the specifications, based on the UL MIMO capability on each band.
· QC: So far, there has not been any discussions or agreements on how 3 and 4-band configurations will be enabled in the specification.  
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	We oppose Option 1.
The band pairs supported in a 3/4-band combo is up to the UE reporting capability. It is also up to UE’s flexibility. Option 1 should not be supported.

	Xiaomi
	We agree with Huawei. We already have UE capability to indicate band pairs. 

	China Telecom
	We don’t agree with option 1. 
The band combinations supporting Rel-18 Tx switching are up to UE implementation, which is the same as Rel-16/17 Tx switching.
For the use of Tx switching across 3/4 bands, the generic Rel-18 Tx switching requirement (CR endorsed in the last meeting) + the existing CA/SUL BC specific requirements are sufficient. Adding band combinations for Tx switching in the specification will obviously increase RAN4 workload for every release. 

In addition, we don’t agree with the following observation from Apple:
· In the current specifications (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1) there are 3-band and 4-band CA combinations where there are no band pairs configured for UL CA. Therefore, UL Tx switching cannot be configured for those band combinations.
· Not all the band pairs within a 3-band or 4-band CA combination can be configured for UL Tx switching because in the current specifications there are 3-band and 4-band CA combinations where only some band pairs are configured for UL CA. (see Table 5.5A.3.2-1 and Table 5.5A.3.3-1).
2-band UL CA requirement shall be applied only for band pairs supporting dualUL, but not for band pairs supporting switchedUL. In the Rel-18 Tx switching CR endorsed in the last meeting, it already says:
For each uplink band pair, according to the capability [uplinkTxSwitching-OptionSupport],
–	if switchedUL is supported, uplink transmission on any one band of the band pair in the band combination shall be supported according to the scheduling commands, and the corresponding inter-band CA requirements with one UL band on band X or band Y shall be satisfied;
–	if dualUL is supported, simultaneous uplink transmission on the two NR UL bands from the band pair for which dualUL is declared in the band combination shall be supported according to the scheduling commands, and the corresponding inter-band CA requirements with two uplink bands shall be satisfied.


	OPPO
	Generally similar view as Huawei, switching period capability can be relied to indicate this. But RAN4 may need to think about more when capability is designed for Rel-18 like how to indicate it is doing Tx switching within 3band or 4band.

	Ericsson
	Option 1. The band combinations should be specified even if switching across all band pairs is not possible. Apologies if we have misunderstood the problem.

	Apple
	For ease of implementation, we propose including the 3-band and 4-band configurations in the specifications. For every band pair within the 3-band and 4-band CA configurations, the configurations for UL Tx switching should be included in the specifications.  

	Qualcomm
	We support option 1. Current specification allows only two band UL configurations. 
One question: in case dual SUL is not supported based on rel-15 but only via TX switching, not agreeing option 1 means we are not putting dual SUL UL configurations to the specification?

	
	

	
	

	
	

	
	



Sub-topic 1-8: Applicability of DL interruption
· Proposals: 
· Proposal 1 (MTK): 
· For Rel-18 Tx switching on 3 or 4 band combinations, whether DL interruption is allowed is specified case by case manner.
· Revise 3-band/4-band combination table for the band combo composed of bands with 2nd order and 4th order harmonic frequency relationship in the uplink and downlink carriers, DL interruption is allowed for Rel-18 TX switching in spec table as example below
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed 
(Note 4)

	CA_n1-n3-n783
	n1, n3, n78
	No for CA_n1-n78, CA_n3-n78 (Note X)

	Note X: DL interruption is allowed when 3-band dynamic Tx switching is conducted


· Recommended WF
· Further discuss
	Company
	Comments

	MediaTek
	Support the proposal as proponent. The transient frequency pulling could happen on the UL/DL band frequencies in 2X/4X relationship thus the DL interruption shall be allowed when UE is configured 3 or 4 bands TX switching.

	China Telecom
	For the first bullet of proposal 1, we already had the related agreements in the previous meetings, and no need for additional agreement.
For the second bullet of proposal 1, we can have a note to differentiate the Rel-16/17 and Rel-18 Tx switching, but it is too early to conclude that DL interruption is ALLOWED for 3-band switching. For the note, we can say something like “No DL interruption applies to Tx switching across 2 UL bands, and FFS for Tx switching across 3 or 4 UL bands.

	Apple
	We support MediaTek’s proposal. However, this should only be applied for the band pairs that are configured for UL TX switching.

	Qualcomm
	Agree with China Telecom, DL interruption is agreed to be case by case basis but the second issue we support the proponent in principle. Since the discussion on how and if the band configuration will be put in to the specification is open, we should keep discussing how this DL interruption will be specified. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Sub-topic 1-9: General aspects of the CR
· Issue: Repeated figure pairs that describe rel-16 behaviour
· Proposals: 
· Proposal 1: If the existing figures in specifications are not clear enough, then firstly they should be clarified since Figure 6.3A.3.3.6-1 and Figure 6.3A.3.3.6-2 in the CR only define the same requirements as rel-16 behaviour. If clarifying fails, then RAN4 should be to revise the Rel-18 CR with the figures with the one that use correct terminology, as provided in Figure [4/5]. (QC)
[image: ]
Figure 4. Simple way to define the switching period location. 
[image: ]
Figure 5. Switching period locations if it is unclear from figure 4. 
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	The update of time mask is not required.
The slot/sub-slot boundary and switching period in time mask is used to illustrate the on which carrier/band the transmission is not impacted. 
In RAN2 spec, the description of RRC parameter uplinkTxSwitchingPeriodLocation is also clear:
	uplinkTxSwitchingPeriodLocation
Indicates whether the location of UL Tx switching period is configured in this uplink carrier in case of inter-band UL CA, SUL, or (NG)EN-DC, as specified in TS 38.101-1 [15] and TS 38.101-3 [34]. In case of inter-band UL CA or SUL, network configures this field to TRUE for one of the uplink carriers involved in dynamic UL TX switching and configures this field in the other carrier to FALSE. In case of (NG)EN-DC, network always configures this field to TRUE for NR carrier (i.e. with (NG)EN-DC, the UL switching period always occurs on the NR carrier).


PUSCH mapping type B is specified in RAN1 spec TS38.214, and the sub-slot is for the PUSCH time domain resource allocation of mapping type B.
	Table 6.1.2.1-1: Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A (repetition Type A only)
	0
	{4,…,14}
	{4,…,14} 
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…,12}
	{1,…,12} for repetition Type A, {1,…,23} for repetition Type B







	Ericsson
	It is not always clear: in the dualUL case, then there is a switching period location on both carriers, and in the case for which the start of transmission starts later on the switched-to carrier in FDD-TDD combinations for example. 

	Qualcomm
	As proponent, we support the update. The confusion is what does “network configures this field to TRUE for one of the uplink carriers” mean? What does it mean when is a time domain event on a carrier? Carrier is frequency domain component. So it should be clarified that the UE punctures the granted UL symbols on the carrier with switching period configured.
Current representation in figures confuses since the slot/subslot boundary has no relevance and it seems everyone, evenr Huawei agrees that the green bar in the figure represent UL grants.
Without an update, it gets significantly more difficult to specify dual TAG since then slot/subslot boundaries would not aling.   

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



[bookmark: _Toc79478145]Companies views’ collection for 1st round
Open issues 
Provided under each issue in section 1.2

[bookmark: _Toc79478146]Summary for 1st round
Sub-topic 1-1: Exact location of switching period
Summary of round 1 discussion:
· Candidate options for Rel-18 Tx switching:
· Option 1: the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission (Ericsson, Nokia, Apple)
· Option 1a (Alternative description from Apple): The switching period end should be anchored to the start of the UL allocation in the “switch to” carrier.
· HW comment to Option 1: Ericsson’s understanding of T0 is not correct according to TS 38.214. T0 should be the starting time of uplink transmission from network scheduling perspective.
TS 38.214 section 6.1.6 Uplink switching:
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
· CTC comment to Option 1: With option 1, when the UL un-scheduled time duration is shorter than the length of switching period, UE will always omit part of UL transmission on the switch-from carrier, which is not aligned with the priority agreed in RAN1.
RAN1 agreement: The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.
QC response to CTC’s comment: The option 1 applies when the switching period is located at the switch-from band. If the switching period is located on the switch-to band, then the switching period should be drawn after T0.
· Option 2: No need to define the time relationship between the location of the switching period and T_0 in RAN4 specification (Huawei, Xiaomi)
Recommendations for 2nd round:
· First align the technical understanding for option 1: 
· Align the understanding of T0 in TS 38.214.
· Is it true that the option 1 will lead UE always omits part of UL transmission on the switch-from carrier? If so, it is not aligned with the priority agreed in RAN1, and it is proposed to consider the solution from QC, i.e., discuss the time relation of the switching period location and T0 for two cases with the switching period located on the switch-from and switch-to carriers respectively.

Sub-topic 1-2: Switching case across four bands, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}
Issue 1-2-1:  Feasibility of this switching case
Summary of round 1 discussion:
· Candidate options on whether the switching scenario of {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} is feasible?
· Option 1: Feasible (Xiaomi, MTK, NTT DOCOMO, OPPO, Apple, QC, ZTE, CMCC, DOCOMO, vivo)
· NTT DOCOMO: It’s possible given that majority companies in RAN1 have the following assumption, although it is not clearly agreed
If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE performs it as one TX switching event involving more than 2 bands, otherwise as twice of TX switching events.
· MTK: Whether UE can support concurrent switching on the two TX chains can be discussed separately.
Tentative agreement:
· The switching scenario of {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} is feasible from RAN4 perspective.

Issue 1-2-2:  Location of switching period
Summary of round 1 discussion:
· Issue: Is the switching period location in the following figure possible?
[image: ]
· Candidate options:
· Option 1: It is observed that the location of switching period in the figure above is not valid since it is not aligned with the RAN1 agreement. (Huawei, Xiaomi, China Telecom, Ericsson, Apple, CMCC, ZTE, CMCC, DOCOMO)
Tentative agreement:
· It is observed that the location of switching period in the figure above is not valid since it is not aligned with the RAN1 agreement.

Issue 1-2-3:  Advanced optional UE ability 
Summary of round 1 discussion:
· Proposals:
· Option 1: For the switching scenario with ambiguity, i.e., the two Tx chains are on two different bands both before and after switching, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}, NOT introduce the advanced optional UE ability in the current release. (Xiaomi, MTK, China Telecom, OPPO, Apple)
· QC & vivo comment to Option 1: 
· Not really sure what ambiguity the WF is proposing not to introduce a capability to? Ambiguity of applicable valid switch period A->C or A->D or ambiguity of UE needing to switch two chains simultaneously and needing more time for it or not. 
· In general, in 3GPP, is hard to make an agreement NOT to do something.  
· And what is the difference between 1-2-3 and 1-2-4?
Moderator’s response to QC & vivo:
· The ambiguity here is: for switching from {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}, it is not clear whether the switching is conducted “A-> C + B -> D” or “A-> D + B->C”.
· It is discussed in Issue 1-2-3 on whether advanced optional UE ability can be introduced, similar to Issue 1-3-2 but for a different scenario. It is discussed in Issue 1-2-4 on whether we need to resolve the ambiguity in the previous bullet. 
Recommendations for 2nd round:
· Further clarify and check if the option 1 can be agreeable. 

Issue 1-2-4:  Resolving the ambiguity issue 
· Proposals
· Option 1: Enhancements for Rel-18 Tx switching:  Resolving the switching pattern ambiguity issue if it is determined that it is possible that concurrent switching occurs with switching periods for two band pairs: (MTK, Ericsson, Apple)
· Example solution: The order of switching scheduling either via downlink control information (DCI) or RRC commands represents the mapping of Tx switching bands. An example is illustrated below, where, a scheduling of band A and band C, band B and band D is done in such manner that it implies switching from “A+B” to “C+D”, that in this way, switching pattern ambiguity is resolved without any additional signaling overhead.
· By resolving the switching pattern ambiguity issue, the switching period can be the  switching capability of switched band pairs.
[image: ]
Note: This means new capability is created for this purpose
· Option 2: Keep the previous agreement, and no enhancement in Rel-18. (Huawei, Xiaomi, OPPO, QC)
· HW: no TU in RAN1 for Tx switching
· MTK response: the solution in option 1 does not impact RAN1 specs but RAN2 signaling
· QC: 
· In MTK’s example, using order of DCI, so what if the same DCI carrier grants for both bands?
· the UE declaring many different values is also not common, the benefit of this enhancement is not very frequent
· ZTE, vivo: difficult to do the enhancement in the current release
Recommendations for 2nd round:
· Further discuss

Sub-topic 1-3: Switching case across three bands, i.e., switch between {1T, 1T, 0T} and {0T, 0T, 2T}
Issue 1-3-1:  Feasibility of this switching case
· Proposals
[image: ]
· From RAN4 perspective, the switching between {1T, 1T, 0T} and {0T, 0T, 2T} is possible. (Huawei, MTK, China Telecom, Apple, QC, ZTE, CMCC, DOCOMO, vivo)
Tentative agreement:
· From RAN4 perspective, the switching between {1T, 1T, 0T} and {0T, 0T, 2T} is possible.

Issue 1-3-2:  Advanced optional UE ability 
· Proposals:
· Option 1: For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching (switch between {1T, 1T, 0T} and {0T, 0T, 2T}), introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1). (Xiaomi, MTK, China Telecom, ZTE)
· Tswitch_1 and Tswitch_2 are the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2.
· Option 1a: apply the same UE capability for this scenario and for the following scenario agreed in the previous meetings. (MTK, China Telecom, ZTE)
RAN4 LS approved in R4-2303507:
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C” or “band D” in the case of 4-band) and the number of Tx chain on band C or band D is unchanged due to the switching, RAN4 agreed the granularity of the optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged  during UL switching as follows: 
· Per band (only for the band(s) in the band combination but not included in the pair of bands before and after switching) for each pair of bands before and after switching in each band combination.
· Option 2: Not introduce advanced optional UE ability (OPPO, Apple, QC)
· OPPO: both Tx chain has changed its operating band, then we may prefer not to introduce this UE capability
· Apple: PLL frequency pulling could be an issue here for both scenarios #2 and #3. So, we don’t want to introduce an optional UE capability for scenarios #2 and #3.
                                                              Scenario #2                                                                    Scenario #3
[image: ]                              [image: ]

· QC: What is the UE behavior if it starts to transmit on one layer only of the 2-layer grant and later starts to transmit also the other layer.
Recommendations for 2nd round:
· Further discuss

Sub-topic 1-4: Length of switching time for certain scenarios
Issue 1-4-1: Switching case across four bands, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}
Background:
RAN4 #104-e agreement (R4-2214464)
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
RAN4 #106-e agreement (R4-2303507):
RAN4 discussed the exact value of Tx switching period for each band pair in the band combination, and has agreed that:
· For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations.
· Note 1: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.
· Note 2: here the band pair is a pair of bands within which there is a switching with a switching period.
· Proposals
· Option A: As optional UE behaviour, total switching period can be extended if UE is not capable for concurrent TX switching on the two TX chains. (Xiaomi, [MTK], Apple, QC)
· Option A1: add new values {70, 175} usec in addition to the agreed set of {35 us, 140 us, 210 us} (Xiaomi, Apple, QC)
· Option A2: Sum of two switching periods  (QC, Xiaomi)
· When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.
· When UE is scheduled for transmissions so that the switching is from two bands with one TX each to another two bands one TX each, denoted for example A+B to C+D, and it cannot be determined if UE switches TX chains from A to C or D or from B to C or D, the switching time is sum of max{Tswitch_A-C, Tswitch_A-D,} and max{Tswitch_B-C, Tswitch_B-D}.
· Include clearly the aspect that when two TX chains are switched with different lengths of the switching periods, none of the TX chains are expected to be used for transmissions.
· Option B: Keep the previous agreements (HW, OPPO, ZTE)
· HW: Unnecessarily enlarging the switching period may cause the decline of the performance on Rel-18 Tx switching. The switching period set agreed in both Rel-17 and Rel-18 is sufficient to simultaneous TX switching of two chains.
· OPPO: With option A, UE will be fragmented to two kinds, serial or parallel switching which is unnecessary.
Recommendations for 2nd round:
· Further discuss

Issue 1-4-2: Switching case across three bands, i.e., {1T, 1T, 0T} to {0T, 0T, 2T}
In general, companies’ comments are similar with that for Issue 1-4-1.
· Option A: As optional UE behaviour, total switching period can be extended if UE is not capable for concurrent TX switching on the two TX chains. (Xiaomi, [MTK], Apple, QC)
· Option A1: add new values {70, 175} usec in addition to the agreed set of {35 us, 140 us, 210 us} (Xiaomi, Apple, QC)
· Option A2: Sum of two switching periods  (QC, Xiaomi)
· When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.
· Option B: Keep the previous agreements (HW, OPPO, ZTE)
Recommendations for 2nd round:
· Further discuss

Issue 1-4-3: The unaffected band case
· Proposals
· Option 1: When UE is scheduled for UL transmissions on any band other than the bands involved in switching, the switching time is the sum of switching periods indicated for the band pair involved in switching and the band pair including the unaffected band and the switch-to band  (QC, Apple)
· Option 3: For the two band pairs switching with one common band, e.g., band pair A+B and band pair B+C, the band B is involved in switching event and it is not the unaffected band. (Huawei)
Recommendations for 2nd round:
· Further discuss

Sub-topic 1-5: 2-layer UL-MIMO support for carrier(s) capable of 2Tx
· Proposals
· Option 1: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx (HW, CTC, CMCC, DOCOMO)
· DCM: RAN2 agreed that UL MIMO capability is used for UE to indicate 2Tx support. It means that UE need to indicate UL MIMO capability if UE wants to indicate 2Tx capability.
· For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).
· Option 2: Not mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx (Apple, MTK, E///, QC)
Recommendations for 2nd round:
· Further discuss, and the specification consistency between RAN2 and RAN4 should be considered. 

Sub-topic 1-6: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
· Proposals
· Option 1 (vivo, OPPO, Apple, QC): UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations. 
· QC: Not sure of the difference between option 1 and 4.
· Option 2 (China Telecom, Huawei): For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands,
· If 1Tx-2Tx switching is supported for the band pair, Rel-16 1Tx-2Tx switching is supported as well.
· If 2Tx-2Tx switching is supported for the band pair, Rel-17 2Tx-2Tx switching is supported as well.
· Option 4: (E///, China Telecom, MediaTek, QC, ZTE)
· the indication of these in supported switching-band combinations of the UE capability also implies the capabilities of the fallbacks in accordance with the current 38.331
· two-band fallbacks can be indicated in addition if capabilities in fallback are different: this can be Rel-16 1T-2T or Rel-17 2T-2T switching capabilities if supported (optional)
· E///: If one carrier/band is released, then all band pairs with this band would also be released and the resulting fallback inherits the capability of the parent BC. This may be the same as a corresponding Rel-16/17 case; if not then the UE can indicate the fallback separately (and the network trigger accordingly in the reconfiguration).
· Option 5: (MTK)
· If UE can support all fallback combos, UE can report the 3/4 band combination with Tx switching capability to save capability signaling overhead.
· If UE cannot support all fallback combos for a higher order band combination, the approach in option 2 can be considered.
· For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
· For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· NOTE: UL CA cannot be supported in some band pair(s) of the band combination.
· Option 6 (ZTE, MediaTek): to combine option 1 and option 2, i.e. 
· UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· For a band pair supported Rel-18 1T-2T switching, Rel-16/Rel-17 1T-2T switching is supported as well.
· For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
Recommendations for 2nd round:
· Check if option 4 can be agreeable.

Sub-topic 1-7: Band configurations for Rel-18 Tx switching
· Proposals: 
· Option 1: band configurations for UL Tx switching across 3 and 4 bands shall be included in the specifications. (Apple, E///, QC)
· Option 2: The band combinations supporting Rel-18 Tx switching are up to UE implementation, which is the same as Rel-16/17 Tx switching (HW, Xiaomi, CTC, OPPO)
· China Telecom: based on the endorsed CR, the existing BC specific requirement shall apply, and no other BC specific requirements are to be defined.
For each uplink band pair, according to the capability [uplinkTxSwitching-OptionSupport],
–	if switchedUL is supported, uplink transmission on any one band of the band pair in the band combination shall be supported according to the scheduling commands, and the corresponding inter-band CA requirements with one UL band on band X or band Y shall be satisfied;
–	if dualUL is supported, simultaneous uplink transmission on the two NR UL bands from the band pair for which dualUL is declared in the band combination shall be supported according to the scheduling commands, and the corresponding inter-band CA requirements with two uplink bands shall be satisfied.
Recommendations for 2nd round:
· Further discuss

Sub-topic 1-8: Applicability of DL interruption
· Proposals: 
· Option 1 (MTK, Apple): 
· Revise 3-band/4-band combination table for the band combo composed of bands with 2nd order and 4th order harmonic frequency relationship in the uplink and downlink carriers, DL interruption is allowed for Rel-18 TX switching in spec table as example below
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed 
(Note 4)

	CA_n1-n3-n783
	n1, n3, n78
	No for CA_n1-n78, CA_n3-n78 (Note X)

	Note X: DL interruption is allowed when 3-band dynamic Tx switching is conducted



· CTC comment to option 1: It is too early to conclude that DL interruption is ALLOWED for 3-band switching. For the note, we can say something like “No DL interruption applies to Tx switching across 2 UL bands, and FFS for Tx switching across 3 or 4 UL bands.
· QC comment to option 1: we should keep discussing how this DL interruption will be specified.
Recommendations after round 1 discussion:
· Clarify that “no DL interruption applies to Tx switching across 2 UL bands” in the DL_intrpt_combos_TxSW_R18 WI in the next meeting. 
· Further discuss for Rel-18 Tx switching across 3 or 4 UL bands.

Sub-topic 1-9: General aspects of the CR
· Issue: Repeated figure pairs that describe rel-16 behaviour
· Proposals: 
· Proposal 1: If the existing figures in specifications are not clear enough, then firstly they should be clarified since Figure 6.3A.3.3.6-1 and Figure 6.3A.3.3.6-2 in the CR only define the same requirements as rel-16 behaviour. If clarifying fails, then RAN4 should be to revise the Rel-18 CR with the figures with the one that use correct terminology, as provided in Figure [4/5]. (QC)
[image: ]
Figure 4. Simple way to define the switching period location. 
[image: ]
Figure 5. Switching period locations if it is unclear from figure 4. 

Recommendations for 2nd round:
· For the time mask figures, check if it is agreeable to change “NR slot/subslot” to “NR symbol(s)” according to QC comment.
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Topic #2: Tx switching with dual TAGs
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2305252
	Xiaomi
	Title: Discussion on UL Tx switching
Proposal 3: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction.

	R4-2304466
	Ericsson
	Title: Time masks for Tx switching with dual TAG
Proposal 1: time masks are also included also for the dual-TAG case to make clear the following
· For both single TAG and dual TAG, the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission. 
· The dual-TAG case is consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2. 
· For dualUL configuration the switch is completed before T0 before transmission can commence on any one of the carriers following the switch regardless of the number of supported TAG.
Proposal 2: there is no need to specify the minimum UL outage time for the dual TAG case. The minimum outage UL time for dual TAG in number of OS would be evident from the time masks with TA difference: one more OFDM symbol of a duration longer than MTTD may be needed as compared to the minimum outage for single-TAG case.
and for switching across more than two bands
Observation l: specification the locations of the the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands. For switching across more than two bands with dual-TAG configured, the time T0 cannot be configured concurrently on two “switch-to” carriers following overlapping switches from a 2-port transmission on one “switch-from” carrier; one way is that the switching on both carriers precede the first occurrence of T0 on any “switch-to” carriers. 

	R4-2305448
	Huawei, HiSilicon
	Title: Discussion on Multi-carrier enhancements with multiple TAG
Observation 1: Time mask is not applicable when gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier that is longer than the switching period, since no transmission is affected and the RRC configuration of uplinkTxSwitchingPeriodLocation does not take effect.
Observation 2: The introduction of T0 is to avoid twisted-order scheduling. And T0 represents the starting symbol of the scheduled or configured PUSCH transmission.
Observation 3: When the time of no UL transmission allocated is longer than the switching period, fixed time domain location of switching period would cause backward compatibility issue and sacrifice the flexibility of the UE.
Observation 4: When the time of no UL transmission allocated is shorter than the switching period, and the switching period location is configured on the switch-to band, fixed time domain location of switching period is conflict with the RRC configuration.
Observation 5: RAN5 specified the test procedure according to the time mask in RAN4 spec that 	‘Measure the output power of UE PUSCH transmission for carrier 1 during slot n-1 excluding a transient period of 10 µs and a Switching period X µs in the end of slot n-1’.
Observation 6: Time mask is not used to specify the network scheduling restriction.
Proposal 1: In 2-TAG, the time mask may not be modified due to the scheduling restriction.
Proposal 2: For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands.
Proposal 3: The standard impact from Tx switching in 2-TAG is:
· Option a: Scheduling restriction 
The UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands. 
· Option b: The duration for UE omitting uplink transmission is switching period+1 symbol.

	R4-2305449
	Huawei, HiSilicon, Xiaomi
	Title: draftCR for 38.101-1 to clarify the time mask for switching with multiple TAGs



Open issues summary
Sub-topic 2-1: RF specification impact
RAN4 WF in R4-2303693:
· RAN4 can further discuss the following two options in RAN4 #106e-bis meeting:
· Option 1: Introduce new time mask requirements 
· Option 1a: To ensure that UE functionality can be properly tested, modify the existing time masks such that Tx switching with uplink slot timing difference between carriers is verified when symbols containing the switching period preceding the time T0 are not scheduled by the test system on either carrier to avoid UE malfunction in the field.
· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction. 
· Proposals
· Option 1: time masks are also included also for the dual-TAG case to make clear the following (E///)
· For both single TAG and dual TAG, the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission. 
· The dual-TAG case is consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2. 
· For dualUL configuration the switch is completed before T0 before transmission can commence on any one of the carriers following the switch regardless of the number of supported TAG.
· there is no need to specify the minimum UL outage time for the dual TAG case. The minimum outage UL time for dual TAG in number of OS would be evident from the time masks with TA difference: one more OFDM symbol of a duration longer than MTTD may be needed as compared to the minimum outage for single-TAG case.
· HW comment: 
· When the time of no UL transmission allocated is shorter than the switching period, and the switching period location is configured on the switch-to band, fixed time domain location of switching period is conflict with the RRC configuration.
· Time mask is not used to specify the network scheduling restriction.
· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction. (Xiaomi, Huawei)
· HW: The UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands. 
· Option 3: The duration for UE omitting uplink transmission is switching period+1 symbol. (Huawei)
· Recommended WF
· Further discuss
	Company
	Comments

	Huawei
	Option 2 and Option 3 are open to us.

	Xiaomi
	We support option 2. 

	Ericsson
	Option 1 such that the functionality and conformance of requirements can be verified also in the dual TAG case. One way to do this is to configure different TA offsets on the carriers for supported switching BC.
Regarding the inserted HW comments (figures copied from R4-2305448)
[image: ]
The case in Figure 3 is not following the 38.214, the switching period is part of the preparation phase preceding T0 (part of PUSCH preparation time for a PUSCH transmission at T0 following a switch). If the switching period is configured on the switch-to-band, then T0 would be at the start of symbol 13. Figure 4 is in accordance with 38.214 but the UE is not expected to transmit in symbols 5 and 6 during even if these are scheduled by the gNB. Scheduling 5 and 6 is still allowed but an alternative approach is not to schedule 5-8 assuming the switching period is located on the switched-from carrier. If so, is the actual switching period always on the switch-from carrier even if T0 starts later than symbol 9?
The RRC configuration of the switching period is not fully clear for all cases. 
The location of the switching period (figure copied from R4-2305448)
[image: ]
the DL interruption (the length only depending on the actual location of the switch unless PDCCH is affected) can occur anywhere in the gap or possibly before symbol 4 but after the DCI trigger of the switch. Last RAN4 meeting spent considerable time discussing the DL interruption length and location for multiple TAG; this location would be uncertain regardless of TA with the switching period location unspecified (Toffset can be order of slots depending on UE capability).


	Apple
	Time mask for multi-TAG cases to be further studied

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Companies views’ collection for 1st round
Open issues 
Provided under each issue in section 1.2

Summary for 1st round
Sub-topic 2-1: RF specification impact
Candidate options:
· Option 1: time masks are also included also for the dual-TAG case to make clear the following (E///)
· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction. (Xiaomi, Huawei)
· Option 3: The duration for UE omitting uplink transmission is switching period+1 symbol. (Huawei)
· Option 4: Time mask for multi-TAG cases to be further studied (Apple)
Recommendations for 2nd round:
· Further discuss. 

Discussion on 2nd round

1 Recommendations for Tdocs
1.1 [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 Rel-18 Tx switching across 3/4 bands
	China Telecom
	

	
	WF on ambiguity issue when two Tx chains are switched between different band pairs
	MediaTek
	Similar to the Athens meeting, with a separate WF to cover Issue 1-2-4

	
	LS on Rel-18 Tx switching across 3/4 bands
	China Telecom
	To: RAN1, RAN2

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

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

	R4-2304162
	
	Simultaneous switching
	Qualcomm Incorporated
	Noted
	

	R4-2304338
	
	On switching period in dualUL cases
	Apple
	Noted
	

	R4-2304339
	
	On UL MIMO and Tx switching capabilities
	Apple
	Noted
	

	R4-2304340
	
	Rel-18 band configurations and fallbacks for TX Switching across 3 or 4 bands
	Apple
	Noted
	

	R4-2304401
	
	Remaining issues for NR Multi-carrier enhancements
	China Telecom
	Noted
	

	R4-2304402
	
	CR for 38.101-1: Time mask for switching across three or four uplink bands
	China Telecom, [NTT DOCOMO, Huawei, Hisilicon, CMCC, OPPO, ZTE]
	Postponed
	

	R4-2304465
	
	On the time masks for 3-4 band switching, location of T_0 and support of fallbacks
	Ericsson
	Noted
	

	R4-2304466
	
	Time masks for Tx switching with dual TAG
	Ericsson
	Noted
	

	R4-2304873
	
	Discussion on remaining issues on Tx switching
	MediaTek Inc.
	Noted
	

	R4-2304874
	
	Draft LS on Rel-18 UL Tx switching
	MediaTek Inc.
	Noted
	

	R4-2305088
	
	Further discussion on RF aspects of UL Tx switching with single TAG
	vivo
	Noted
	

	R4-2305129
	
	On Tx switching across 3 or 4 bands for single TAG
	ZTE Corporation
	Noted
	

	R4-2305185
	
	Views on Rel-18 Tx switching
	NTT DOCOMO INC.
	Noted
	

	R4-2305252
	
	Discussion on UL Tx switching
	Xiaomi
	Noted
	

	R4-2305447
	
	Discussion on Multi-carrier enhancements with single TAG
	Huawei, HiSilicon
	Noted
	

	R4-2305448
	
	Discussion on Multi-carrier enhancements with multiple TAG
	Huawei, HiSilicon
	Noted
	

	R4-2305449
	
	draftCR for 38.101-1 to clarify the time mask for switching with multiple TAGs
	Huawei, HiSilicon
	Postponed
	

	R4-2305789
	
	3 and 4 band TX switching open issues and requirements
	Qualcomm Incorporated
	Noted
	

	R4-2305808
	
	draft CR on TX Switching when UE is configured for 3 or 4 bands UL
	Qualcomm Incorporated
	Postponed
	



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

1.2 [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
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
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) Do not include hyper-links in the documents
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