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1. Introduction
This contribution summarizes contributions submitted to AI 9.9.2 regarding the multi-carrier UL Tx switching scheme and corresponding discussion at RAN1#112 meeting.
Any announcement regarding this summary is provided in following email thread.
	[112-R18-MC_Enh] To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc – Hiroki (DOCOMO)
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3. Issues regarding switching period location
RAN4 discussed on the switching period location and following agreement was made.
	Issue 4: Location of switching period
· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.



Based on the RAN4 LS informing above agreements, RAN1 has discussed on the details on the switching period location, i.e., candidate solutions to determine the switching period location in case of Rel-18 UL Tx switching across up to 4 bands as below [19].
	Updated proposed agreement 6
Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: gNB configures “switching-from band” or “switching-to band”
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on the band that is not with the highest priority.



3.1	Clarification on the switching period location
In contributions, following proposals were made regarding potential clarification on the switching period location.
	[1]
	In Rel-17, the switching period location is only needed when the scheduled switching gap is smaller than reported switching period. As illustrate in Figure 1, UL transmission on band B at slot 1, followed by UL transmission on band A at slot 3, since no transmission in slot 2 and switching period for {band A, band B} is smaller than 14 symbols (i.e., scheduled switching gap is larger than switching period), the switching period location can be at any symbol of the slot 2 without causing any UL interruption to all scheduled transmissions. Since all scheduled transmissions are complete and transmitted, there is no need to specify on which carrier the switching period location is. For the second UL Tx switching from band A to band C as shown in Figure 1, the UL transmission on an indicated victim carrier has to be overlapped with the switching period because of insufficient scheduled switching gap for Tx switching. In our views, this principle should be reused in Rel-18 and no RAN1 impact is preferred.
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Figure 1 The example of switching period location
Proposal 2: Confirm that the indication of victim carrier is needed only when the scheduled switching gap is smaller than reported switching period. It has no RAN1 impact.

	[4]
	Issue#2: Location of the switching periods
One of the conditions for the timeline working assumption is that two uplink switching are triggered within two consecutive reference slots. In order to determine whether the two uplink switching are triggered within two consecutive reference slots, the location of each switching period needs to be clearly determined. Take Figure 1 as an example, slot 2 and slot 3 are selected as the two consecutive reference slots in this example. In slot 0, one 2-port PUSCH is transmitted on Band A. In slot 2, 1-port PUSCH is transmitted on Band A and Band B, respectively. In slot 3, one 2-port PUSCH is transmitted on Band C. 
Between slot 0 and slot 2, the 1st switching period happens. The potential location of the 1st switching period could be one of the following options:
· Opt.A1: The 1st switching period is located at the end of slot 1.
· Opt.A2: The 1st switching period is located at the start of slot 2.
· Opt.A3: The 1st switching period is located at the start of PUSCH in slot 2.
Between slot 2 and slot 3, the 2nd switching period happens. The potential location of the 2nd switching period could be one of the following options:
· Opt.B1: The 2nd switching period is located at the end of slot 2.
· Opt.B2: The 2nd switching period is located at the start of slot 3.
The combination of location for the 1st switching period and 2nd switching period and whether they satisfy the conditions required by the working assumption are summarized in Table 1.
Observation 2: In order to satisfy the timeline requirements defined by the working assumption, the location of the switching period needs to be clearly defined.
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	[9]
	As for the applicable scenario of the determined switching period location, in the series of figures 6.3A.3.3.X and 6.3C.3.X of TS38.101-1, contiguous UL transmissions are plotted, with description that the length of uplink switching period X is less than the value indicated by UE capability [4]. From our view, the switching period location needs to be defined when the scheduled gap between two transmissions is smaller than the reported switching period since it needs to decide which one of the UL transmissions is the victim one. On the contrary, if the scheduled gap between two transmissions is longer than the reported switching period, there is enough time between the two transmissions to perform the switching, thus neither of two transmissions is impacted by the switching and it is not necessary to determine the victim carrier.
Proposal 1: The switching period location needs to be defined when the scheduled gap between two transmissions is smaller than the reported switching period.

	[11, 20]
	Observation 1: Contrary to the statement in clause 6.1.6, the TS 38.214 does not define the time-location of the switching period.
Observation 2: For EN-DC based switching the TS 38-101-3 unambiguously defines the switching period location relative to the E-UTRAN subframe boundary so that the switching period is always on the NR side of the sub-frame boundary. However, it is not clear what happens if the NR transmission doesn’t start right at the LTE sub-frame boundary.
Observation 3: For CA and SUL-based switching the TS 38.101-1 defines whether the switching period is located in time before or after a switching reference point in time, but the reference point used is a slot/sub-slot boundary, which is not clear.
~
The key question is that what is the role of the “uplinkTxSwitchingPeriodLocation” configuration when the scheduler creates a sufficient gap between the end of the transmission on the switch-from carrier and the start of the transmission on the switch-to carrier. E.g. in the above setup, what does difference does the configuration have if the FDD slot is scheduled to stop transmission at symbol #10 at slot #1 and resume transmission on slot #9 in slot #2 etc. i.e. the uplink allocations on the two uplink carriers are as in Figure 2. 
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[bookmark: _Ref127542876]Figure 2: FDD15-TDD30 with DDDSU (10:2:2), switching period scheduled on the FDD carrier (140 us switching period)
As this ambiguity is related to Rel-16 specification, a corresponding CR is submitted to this meeting for agenda item 7.2 in [9], [10].
~
Proposal 1: If there is sufficient time between the scheduled end of the switch-from carrier’s uplink transmission and the scheduled start of the switch-to carrier’s uplink transmission to absorb the switching gap, then the switching gap is always placed so that it ends at the start of the uplink transmission on the switch-to carrier.
Proposal 2: Agree to the CR in [1] with the following text to clarify the Rel-16 specification:
If an uplink switching is triggered for an uplink transmission starting at T0, the switching gap (switching period of [8, TS 38.101-1]) starts  before T0, and ends at T0.

	[13]
	When considering Alt.1-Alt.5, we note that similar to Rel-16 and Rel-17, the RRC configured switching period location is strictly speaking only then needed when the gNB doesn’t provide a scheduling gap larger than reported switching period also for Rel-18 UL Tx Switching in the 3 or 4 band case. The UE then does not perform UL transmission in the scheduling gap.

	[15]
	Figure 2 is the Working Assumption illustrative figure from RAN1 #111. Two back-to-back switches are scheduled on slot #4 and #5, the above WA requires the network to guarantee the minimum separation time between end of transmission in #1 and start of transmission in slot #5. Even UE doesn’t slot #2 and #3 transmit, the back-to-back switches issue still remains as the switching scheduling could arrive at slot #2 or #3. It should be noted that this issue doesn’t exist in the illustrative figure (Figure 3) of RAN1#111 as the UL Tx before 1st UL Tx switching is close to the switching period.
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Figure 2 Illustrative examples of issue of current WA for minimum separation between two consecutive switches

	[16]
	· In Rel-16/17 UL Tx switching between 2 bands, the switching period location is configured for either one of the bands e.g., on band A. In case that UL transmission on band A is triggered and its preceding transmission is on band B, if the time interval between the end of the transmission on band B and the start of the transmission on band A is less than switching period duration, UE may need to omit one of the transmissions during switching period and the switching period location configuration is used to determine which transmission is affected by the switching period e.g., in this case the transmission on band A may be omitted during switching period. In other words, the transmission on band B can be protected from the switching period by configuring the switching period location on band A.
· In Rel-18 UL Tx switching across up to 4 bands, switching period location can be configured for the same purpose i.e., to protect UL transmission on some band(s) from the switching period for the case where the time interval between the end of the preceding transmission on band(s) and the start of the next transmission on band(s) is less than switching period duration. For example, in case of switching from bands A+B to bands C+D, whether transmissions on bands A+B or transmissions on bands C+D are affected by the switching period should be able to be determined by the switching period location configuration. In that sense, RAN4 agreement on reusing Rel-16/17 approach where switching period location as TRUE or FALSE is configured for each serving cell is not enough.



Based on above, it seems there are some companies considering that the switching period location needs to be defined only for the case where the time interval between the end of the transmission before switching and the start of the transmission after switching is smaller than the required switching period duration (i.e., exact switching period location in other cases can be up to implementation as there is no impact), while there are some other companies considering that it is necessary to clarify where the switching period is located when the time interval between the end of the transmission before switching and the start of the transmission after switching is even longer than the required switching period duration.
There are contribution and draft CR to clarify the switching period location in AI 7.2, and hence this issue can be discussed in AI 7.2. The moderator suggests to wait for the outcome of the discussion in AI 7.2 to check whether any additional clarification on switching period location is necessary for Rel-18 UL Tx switching.
Proposal 3-1: TBD
	Company
	Comment

	vivo
	Agree with FL’s assessment

	ZTE
	Overall, we are supportive to clarify this issue. Meanwhile, it is worth noting that the working assumption agreed on last meeting regarding the “minimum separation time” also depends on the exact location of the switching period. If the switching period is up to UE implementation in the end, then we are not sure how the working assumption works.

	Nokia, NSB
	Agree with the feature lead’s assessment. It maybe that the exact switching period location determination is not critical if the gNB-provided gap is longer than the UE’s switching period capability. In this case it is still critical that is clear that the switching period is fully contained within the gNB-provided gap and dropping of any UL symbols is not allowed.
Still it maybe helpful to know exactly where the switching period lies, at least if the switching impacts the downlink.

	Qualcomm
	We are supportive to clarify the issue as the Minimum separation time in the WA could not serve the purpose to avoid back-to-back switching for some cases.
On the relation with AI 7.2 ongoing discussion, we think we could assume the switch period is right before the norminal start of the UL transmission as the worst case.

	NTT DOCOMO
	We agree to wait for outcome of the discussion in AI 7.2 regarding the switching period location.
We share the same understanding with Nokia that it may be helpful to clarify switching period location even when gNB provides sufficient non-scheduled symbols between the end of the UL transmission on switch-from carrier and the start of the UL transmission on switch-to carrier because DL interruption may be caused by the UL Tx switching.

	LGE
	Agree with FL’s assessment

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Let’s wait for the discussion outcome from AI 7.2.




3.2	Solution for the ambiguity issue on switching period location
In contributions, following proposals were made.
	[1]
	Observation 2: Based on the principle of a band with FALSE has higher priority than a band with TRUE in one configured location, the band pair configurations agreed in RAN4 has implicitly indicated the priority relationship among configured bands.
Proposal 3: For the mechanism of switching period location in Rel-18 UL Tx switching, Alt 2 with the following clarification and revision should be supported,
· Revised Alt 2: switching period location is configured per band pair and the band configured with FALSE means a higher priority within one band pair,
· [bookmark: _Hlk128042736]If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band(s) that is not with the highest priority among bands configured with switching period location as FALSE.
· For the determination of the highest priority among bands, a gNB should ensure that one and only one priority list can be derived from all configured locations according to the rule that a band with FALSE has higher priority than a band with TRUE within one configured switching period location. 

	[2]
	Proposal 1. Support Alt.2 as the switching period location: switching period location is configured per band pair, and the priority list of bands is also configured
a) If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE

	[3]
	Proposal 2: The following Alt 4 is preferred.
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}

	[4]
	Proposal 2: For Rel-18 UL Tx switching, further down-select among the following alternatives to configure the switching period location.
· Alt.3: gNB configures “switching-from band” or “switching-to band” per band combination
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
Note: RAN1 assumes that determination of the switching period location is only performed when the scheduled gap between two transmissions is smaller than the reported switching gap. RAN1 sends LS to RAN4 to confirm this.

	[5]
	Proposal 1: Regarding the solution for the ambiguity issue on switching period location, Alt.1 or Alt.4-rev is supported. 

	[7]
	Proposal 2: Switching period location should be configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE.

	[8]
	Observation 1: in Rel-16/Rel-17, RRC parameter for uplinkTxSwitchingPeriodLocation is configured based on per uplink cell /carrier
Proposal 4: For less impacting on current specification, and considering the flexible scheduling, following alternatives can be down selection by RAN1.
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: switching period location is configured per band pair, and  “switching-from band” or “switching-to band” is also configured 
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, and if gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed, otherwise, switching period is located on band(s) where next transmission is performed.

	[9]
	Proposal 2: For switched UL, the switching period is located on the semi-statically configured band for the band pair involved by the UL transmissions before and after the switching.
Proposal 3: For dual UL, the switching period is located on the band or one band among the bands configured with switching period location as TRUE for all the possible switched Tx chain located band pairs before and after the switching.
· If there are multiple bands configured with switching period location as TRUE for all the possible switched Tx chain located band pairs before and after the switching, the switching period location is determined to be the band with lowest priority among the multiple bands.
· The band priority list can be determined in implicit way by the UE based on the per band pair configuration.

	[10]
	Proposal 1. For Rel-18 UL Tx switching, switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE.

	[11]
	Proposal 1: Determine under AI 7.2 what is the correct interpretation of the uplinkTxSwitchingPeriodLocation before concluding on how the switching period location is extended to 3 or 4 bands.

	[12]
	Proposal #1: In Rel-18 UL Tx switching, the switching period location (i.e., TRUE) is configured to only one band for each band set as follows
· In 3 bands case, gNB configures the switching period location for each of 4 band sets such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures the switching period location for each of 11 band sets such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {A, C, D}, {B, C, D}, {A, B, C, D}
Proposal #2: In Rel-18 UL Tx switching, the switching period can be located to all bands located in either switch-from bands or switch-to bands where the band configured with the switching period location (i.e., TRUE) belongs to. 

	[13]
	Proposal 1: For Rel-18 UL Tx Switching in the 3 or 4 bands case, the switching period location is determined by the UE using Alt.4 or Alt.4-rev where the gNB configures switching period location per switching case or per configured 3 or 4 bands.

	[15]
	Proposal 1: For switching period location, if companies have strong concern on signaling overhead, choose Alt. 3 or 5 as they require less signaling compared with other alternatives.

	[16]
	Proposal 2: Following mechanism is supported for potential ambiguity issue on switching period location.
· The priority is configured for each serving cell for determining switching period location.
· The UE determines the switching period location on the band(s) that is not with the highest priority.
· If the band with the highest priority is used for transmissions both before and after Tx switching, the switching period location is determined on the band(s) that is not with the second highest priority.

	[17]
	Proposal 1 [bookmark: _Toc127549742]The switching period location per configured 3 or 4 bands is determined by configuration, as the following (Alt. 4-rev):
i. [bookmark: _Toc127549743]In 3 bands case, the switching period location is configured for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
ii. [bookmark: _Toc127549744]In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}

	[18]
	Observation 1: Reusing Rel-16/17 approach (i.e., uplinkTxSwitchingPeriodLocation-r16) for indicating switching period location will limit the scheduling flexibility from switching between bands that are configured with the same indication (i.e., TRUE or FALSE).
Observation 2: Regarding Alt. 2, UE may make a wrong decision if the UE is to switching-from (or switching-to) bands that include both the highest and the lowest priorities.
Proposal 1: Modify Alt. 2 as the following
	· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band among bands configured with switching period location as TRUE that is paired with the highestlowest priority band in a band pair. among bands configured with switching period location as TRUE


Proposal 2: Support Alt. 5, which is the simplest design to resolve the ambiguous condition. Alt. 2 can be supported as a compromise if companies insist to introduce TRUE/FALSE indication per band pair.
Observation 3: It is not clear how to implement Alt. 4. The only reasonable implementation is to indicate one band in a set of bands not to have the switching period location, which introduces redundant overhead to achieve the same result as Alt. 5 (i.e., indicating priorities among bands).
Observation 4: Alt. 3 indicates the switching period location in an exhaustive list of band combination with switching directions, which introduces large RRC overhead.
Observation 5: Based on the agreement from RAN 4, there is no intention to introduce the concept such as switching case pair for the switching period configuration and indication.
Proposal 3: Alt. 3 and Alt. 4 are not supported.



Based on above, companies’ views can be summarized as below.
· Alt.1:
· Supported by [5], [7]
· Alt.2:
· Supported by [1], [2], [8], [9], [10], [18]
· Modification to make the sub-bullet similar to Alt.5 is proposed by [1], [18]
· Alt.3:
· Supported by [4], [8], [15]
· Modification to add per-band pair switching period location configuration similar to Alt.1/2 is proposed by [8]
· Alt.4:
· Supported by [3], [4], [13]
· Alt.4-rev:
· Supported by [5], [12], [13], [17]
· Alt.5:
· Supported by [15], [16], [18]

It is argued by several companies that the switching period location should be configured so that a specific band/carrier (e.g., PCell) can always be protected. Alt.4, Alt.4-rev and Alt.5/modified Alt.2 can achieve it while Alt.1/2/3 cannot e.g., in case that the specific band/carrier is used together with highest frequency carrier or lowest priority carrier. On the other hand, there are concerns from multiple companies on signalling complexity/overhead especially for Alt.4. Regarding RAN4 agreement on “to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair)”, some companies pointed that Rel-16/17 approach is to configure switching period location per serving cell and hence the “semi-static configuration of switching period on one of the band for each switching band pair” needs new configuration such as “per band pair”.
Therefore, the moderator’s proposal is to down-select from Alt.4-rev, modified Alt.2 and Alt.5 based on above situation. Alt.2 and Alt.5 have a common concept i.e., configuring priority order across bands/carriers, and whether switching period location configuration per band pair on top of the priority configuration is necessary or not can be discussed. Between Alt.4-rev and Alt.2/5, whether there is any practical case where the priority order across bands/carriers cannot be consistent among different switching cases can be discussed. It may also be possible to ask RAN2 to decide if RAN1 cannot reach consensus due to different views on signaling complexity concern.
Proposal 3-2:
Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.2-rev/5: gNB configures priorities to each carrier/band.
· [gNB also configures switching period location per band pair]
· [In 3 bands case, gNB configures switching period location for each of band pair such as {A, B}, {A, C}, {B, C}]
· [In 4 bands case, gNB configures switching period location for each of band pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}]
· [If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching,] the switching period location is determined to the band(s) that is not with the highest priority [among bands configured with switching period location as FALSE.]
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· [bookmark: _Hlk128042627]In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}

	Company
	Comment

	Samsung
	Support FL proposal 3-2.

	Apple
	We support Alt 4-rev since this will avoid any ambiguity for determining switching period location in case when more than 2 bands are involved in a switching instance 

	vivo
	We support alt4.rev.
Not sure how to define priority for these bands. Will there be any explicit RRC configurations of priority, or if the prority can be derived based on TRURE/FLASE configuration? For the former case, we have concerns on the additional signaling overhead. For the latter case (e.g., assuming FALSE has higher priority), additional rule should be specified to align the UE implementation and NW scheduling. 
Assuming that a band with FALSE has higher priority than a band with TRUE, and the switching period location configuration for (band A, band B, band C, band D) is as below: 
(band A: TRUE, band B: FALSE), (band B: TRUE, band C: FALSE), (band A: TRUE, band C: FALSE) , (band A: TRUE, band D: FALSE) , (band C: TRUE, band D: FALSE) , (band B: TRUE, band D: FALSE), which implies that the prority order of A/B/C/D is A<B<C<D
For switching A+C->B+D, where the UL transmissions on B is earlier than the UL transmission on D, since both B/C/D has been configured with FLASE in at least one band pair, it still remains unclear which band (B or C) should concume the location.
Additionally, For A+C->B, if the associated band of B is D, then it is not clear whether the associated band D should be excluded for switching period location determination although there is no UL transmission on D.
Meanwhile, Alt4-rev is much more straightforward, and thus is preferred.

	ZTE
	It seems that companies use the argument “Alt.3” is not inline with the previous RAN4 LS to preclude Alt.3. However, the Alt.2-rev/5 above is also not inline with the previous RAN4 LS. Regarding Alt.2-rev/5, it seems that configuring priorities for each carrier/band can already address the issue, we don’t understand the intention to further configure the switching period per band pair. If this is the correct understanding, then configuring the priorities actually is not line with the RAN4 LS.
Overall, we are supportive with Alt.4-rev. Alt.4 is straightforward and we don’t think several bits of RRC configuration overhead is serious.

	Qualcomm
	We support downselection but slightly prefer to include Alt. 3 into the downselection as this is the most signaling-saving configuration. 
For Alt.2 and Alt.5, we agree with the FL that Alt.5 could cover Alt. 2 as additional per band pair configuration is redundant. 
In general, we propose to downselect among Alt. 3, Alt.4 or 4-rev, and Alt. 5 for first round.

	NTT DOCOMO
	We support Alt.5.
We have concern on Alt.4/4-rev in terms of RRC configuration complexity rather than overhead. In case of Alt.4-rev, although it seems straightforward extension from Rel-16/17, we need to introduce “band pair/group” configurations in cell group configuration or serving cell configuration and it would be concerned from RAN2 perspective as it is new.
On the other hand, Alt.5 needs just priority configuration for each serving cell, and it should be very simple RRC configuration e.g., for each serving cell, priority {1, 2, 3, 4} can be configured instead of {TRUE, FALSE} as switching period location configuration. There should be less concern on RRC configuration complexity/overhead compared with Alt.4-rev.
Regarding ZTE’s comment on “whether it is inline with previous RAN4 agreement”, in our view, RAN1 can point that RAN4 agreement does not work as RAN1 already identified at previous meeting, and hence we don’t need to stick to RAN4 agreement. Our concern for Alt.3 is that it cannot protect specific carrier/band from switching period as switching period location is determined just based on “switch-from” or “switch-to” configured by gNB.

	OPPO
	Support and Alt.4-rev is preferred.

	LGE
	Support the proposal. Alt.4-rev is preferred. 
Moreover, it should be clarified that whether only one band can be configured as TRUE or more than one band can be configured as TRUE for each of switching case pair. In our view, only one band should be set to TRUE per switching case pair to avoid any ambiguity situation, and all other band(s) in either switch-from or switch-to can be determined as TRUE, if needed.

	CMCC
	We are fine with the proposal and prefer Alt.2-rev/5, it is straightforward to determine the location of switching period based on the pre-defined prioritization among the configured bands.

	Xiaomi
	Support and Alt-2rev/5 is preferred.

	CATT
	We support of Alt.2-rev/5z which is the reusing of the rel-16/rel-17 approadch.
For Alt.4-rev, the network requires to configure switching period location for each of switching period pair, which brings a large RRC configuration overheand and not conducive to the backward extension. 


	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems almost companies are fine to down-select between Alt.2-rev/5 and Alt.4-rev.
But still companies’ preferences are split as below.
Alt.2-rev/5: DCM(Alt.5), CMCC, Xiaomi, CATT, (QCM(Alt.5))
Alt.4-rev: Apple, vivo, ZTE, OPPO, LGE
The moderator has asked following questions and companies are encouraged to provide further feedback with detailed example on those questions.
・Between Alt.2-rev and Alt.5, whether switching period location configuration per band pair on top of the priority configuration is necessary (so that Alt.2-rev is necessary) or not
・Between Alt.4-rev and Alt.2-rev/5, whether there is any practical case where the priority order across bands/carriers cannot be consistent among different switching cases (so that Alt.4-rev is necessary) or not

In addition, if these Alternatives can achieve same/similar level of flexibility on switching period location, further down-selection can be done by RAN2 as it may be signaling matter.

	ZTE
	It seems the main concern for Alt.4-rev is about the RRC signalling overhead and RRC signaling design. In this case, we tend to agree with moderator that the downselection can be done via RAN2. 

	Apple
	Agree with ZTE that dowselection can be left up to RAN2

	Vivo2
	Regarding ‘Between Alt.2-rev and Alt.5, whether switching period location configuration per band pair on top of the priority configuration is necessary (so that Alt.2-rev is necessary) or not’, our understanding is that per band pair configuration (i.e., TRUE/FALSE) is no longer necessary if expiclit priorities (e.g.1/2/3..) are configured, UE can determine the location switching period based on priorities of involved bands only. 
Regarding ‘Between Alt.4-rev and Alt.2-rev/5, whether there is any practical case where the priority order across bands/carriers cannot be consistent among different switching cases (so that Alt.4-rev is necessary) or not’, as we explained before, there is ambiguity of the switching location.
To be more specific, lets take the following figures as example. Assuming that priority order is A>C>B.  For TX switching A+B->C(2port) in figure1, to avoid UL interruption to A, the switching period should be located on C. But the sub-bullet ‘the switching period location is determined to the band(s) that is not with the highest priority’ only excludes A.


Figure1
For TX switching A+B->C(2port) in figure2, the transmission on A/B are paritially overlapped, and the gap between the end of A/B is larger than the length of switching period, it is also not clear how to understand the sub-bullet ‘the switching period location is determined to the band(s) that is not with the highest priority’, is the switching period on band B or C? Alt5 does not provide a complete solution. Moreoever, if companies prefer to put the switching period on B as it has the lowest priority, then it means that the band of the location is also depended on the acutal scheduling (e.g., the overlapping condition of the UL transmissions). And in some other switching cases (e.g., A+B->A+C), it may depend on UE capability(e.g., whether the switching between B-C will impact A)
If companies think the switching period is always on C in the two cases, then some additional restrictions such as ‘the switching period location is determined to the band(s) that is not with the highest priority and whose UL transmission does not overlap with the UL transmission on the band with the highest priority’ should be introduced, which would also further complicate the spec and UE imeplementation.


Figure2
As another example, for proiroty order A >D>C>B, 
A+C->B(lowest priority)+D(associated band of B, no actual UL scheduling), it is not clear if the location can be on C or B/D as there is no UL on D


Meanwhile, alt4rev has no such issue and is more straightforward for the implementation.

	Qualcomm
	Thanks moderator’s great efforts. For the questions, we have below understanding
· Alt. 5 – priority configuration is sufficient, and per band pair configuration of Alt. 2 is not necessary.
· Alt5 could sufficiently configrue the band priority if there is no conditional priority configuration.
Given this agenda item already runs out of TU, we could compromise to Alt. 5 for sake of progress. We are also fine if majority wants to ask RAN2 to make the downselection.

	NTT DOCOMO
	We are fine either to make decision in RAN1 or in RAN2.
For the sake of progress, we can be flexible between Alt.5 and Alt.4-rev.
Regarding ‘Between Alt.2-rev and Alt.5, whether switching period location configuration per band pair on top of the priority configuration is necessary (so that Alt.2-rev is necessary) or not’, we share same understanding with vivo/QCM that Alt.2-rev (i.e., switching period location configuration {TRUE or FALSE} per band pair) is not necessary.
Regarding the ambiguity issue pointed by vivo, we think same/similar issue exists in Alt.4-rev as well.
For example, if switching period location is configured on A for {A, B, C}, in case of vivo’s Figure 2, we have a similar question i.e., whether switching period is located on switch-from carrier (i.e., B) although band A is not impacted by the switching period thanks to earlier end timing than B. For “another example” from vivo, in Alt4-rev, whether it is {A, B, C} or {A, B, C, D} should be clarified. So, anyway, clarification for such cases would be necessary (although it can be in maintenance).

	LGE
	It is not very clear to us what Alt.2_rev is and what is the difference between Alt.2_rev and Alt.5. 
· If Alt.2_rev means that the priority list per band is only configured and there is no explicit configuration on the period location per band pair, it would be the same as Alt.5. In this case, Alt.2_rev can be ruled out from the proposal and the proposal can be updated only with Alt.4_rev and Alt.5.
· If Alt.2_rev means that there is an explicit configuration on the period location on top of the configuration per band pair, we are not sure Alt.2_rev has benefit in terms of RRC overhead compared to Alt.4_rev. In this case, if only concern from companies is on RRC overhead and RRC signaling design, further down-selection can be done by RAN2 as it may be signaling matter.
· It Alt.2_rev means that only period location is configured per band pair but no explicit configuration on the priority list, UE should determine the priority list across bands based on the configurations of period location for each band pair. It may lead an additional UE complexity to determine that.

In addition, we would like to echo our previous comment.
Moreover, it should be clarified that whether only one band can be configured as TRUE or more than one band can be configured as TRUE for each of switching case pair. In our view, only one band should be set to TRUE per switching case pair to avoid any ambiguity situation, and all other band(s) in either switch-from or switch-to can be determined as TRUE, if needed.

	Vivo3
	Thanks DCM for comments. 
Alt4-rev has no such ambigtuiy. 
If A is configured for (A,B,C), then switching period is always on A when there is no scufficent gap between A and C in the case shown in figure2, regardless of whether A is earlier than B or not. For the “another example”, I see your point. I think it should be (A,B,C,D) as four bands are involved in the TX switching.

	Samsung
	We prefer Alt.4-rev. We recommend to let RAN2 to consider both alternatives and to decide on any concerns related to signaling overhead. 

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems we should ask RAN2 to down-select between Alt.4-rev and Alt.5.
Any necessary clarification can be done if necessary after RAN2 made down-selection.



Updated proposal 3-2:
Send LS to RAN2 to ask down-selection of a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is not with the highest priority band.
	Company
	Comment

	Moderator (NTT DOCOMO)
	Based on short online discussion, I’d like to ask companies to provide your complete view on followings.
Q1: Whether you are ok to send LS to RAN2 to ask down-selection or not
Q2: If RAN1 needs to down-select one solution, whether/which alternative(s) you CANNOT accept, and if there is certain alternative you cannot accept, please provide reason
Q3: If you think there is essential error or missing point in alternatives, please point it and provide complete wording. 

Reply comment to vivo’s online comment:
From my perspective, further clarification can be done in maintenance phase. We should not spend our precious time in this meeting for clarification/wording. We should make just decision (as much as we can) and send information to RAN2/4.

Reply comment to Huawei’s online comment:
Of course, it is good if RAN1 can achieve down-selection. But other companies already suggested to let RAN2 to decide. I have asked companies that “whether there is any practical case where the priority order across bands/carriers cannot be consistent among different switching cases (so that Alt.4-rev is necessary) or not”, but there is no answer/company saying “Yes, there is such case”. In that sense, we can just ask RAN2 to decide based on their signaling perspective.

	NTT DOCOMO
	Q1: we are ok to send LS to RAN2 to ask down selection between Alt.4-rev and Alt.5
Q2: we can accept either alternative
Q3: any further clarification can be done after the down-selection

	vivo
	Although we think it would be better to have a complete solution on alt5, but we see FL’s point that RAN2 can discuss the signaling perspective anyway, for progress, we are ok to ask to RAN2 for down selection

	ZTE
	Q1: Although we don’t object to send LS to RAN2 and ask RAN2 to do the down-selection, at least Alt5 should be further clarified. Otherwise, RAN2 is not clear how to do the down-selection. I guess the intention of Alt.5 is as following.
· 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.
Q2: Our preference is Alt.4. Actually, we don’t think Alt.5 is in line RAN4’s previous LS. But if companies are ok to not follow RAN4’s previous LS, we don’t have an objection here.
Q3: See Q1.


	Google
	Q1: We are ok to send LS to RAN2, but we think it would be better to downselect in RAN1. If the group determines to send LS to RAN2, the concern of Alt.4-rev (see Q3) should be addressed. 
Q2: Alt.4-rev is still unclear to us, further clarification is needed.
Q3: 
Regarding Alt.4-rev, as described by vivo3, a band (e.g., band A) can be indicated as the band for having the switching period location from a set of bands {A, B, C}. In this case, if the transmission on the band C is to be protected, Alt.4-rev may limit gNB to schedule Tx switching from bands {A+C} to B, or another way around.
On the other hand, if the switching period location is determined according to an indicated band, for example Band D in the figure below. The switching period location may be allocated in the middle of a slot on another band, rather than in the beginning of the slot. We are not sure whether it is preferred by companies or not.
[image: ]
Regarding Alt.5, the intension is simple. We want to protect transmission(s) on the band with the highest priority in a switching event. In one implementation, UE can have the switching period location at the earliest applicable occasion, as long as it is not overlapped with slot of the protected band. The definition of the earliest applicable occasion can be further disucsssed. With the example (figure 2) provided by vivo2. The switching period location will be determined from the the band subset {B, C, or B, C, [D]}
We can also implement it according to the FL latest proposal or ZTE’s comment, the UE first determines the switching period location on either switching-from band(s) or switching-to band(s), then determines the switching period location on a band from the band sub-set (e.g., {B, D} switching-to band(s)).

	Huawei, HiSilicon
	It is unclear for us what value would be configured for a switching case e.g. {A, B, C} and {A, B, C, D}. If it is only one value “TRUE” on single band for each switching case, then we don’t feel the solution is feasible because it cannot allow a gNB to protect an important UL carrier (e.g. PUCCH/PRACH carrier) from UL interruption. For instance, a value “TRUE” is configured for switching case {A, B, C}, then in case of switching from A+B to C the band B configured with PUCCH is interrupted. It cannot be solved by configured TRUE on C, because it does not work for C+B => A.
Therefore, instead of introducing a new unclear solution, we prefer to stick to RAN4 agreement and fix the essential identified issue by Alt 2-rev
One important question to companies is whether the configuration of victim carrier can allow gNB to protect the most important UL carrier like PUCCH/PRACH. In our understanding, it has been supported in Rel-16/17, and thus it should allow in Rel-18, otherwise, interrupted PUCCH/PRACH can cause inter-UE interference due to CDM resources among UEs. Therefore, we suggest to agree the following principle, so that we could refine the current Alt 2-rev/Alt 5 and Alt-4, which is a RAN1 task anyway.
Proposal: For the carrier indication of switching period location, it should allow a gNB to protect PUCCH/PRACH transmission on PCell from UL interruption caused by an UL Tx switching 

	LGE
	We also think this is RAN1 task. And, it would be better that RAN1 takes the previous RAN4 agreement into account during the discussion. 
However, if majority companies want to send LS to RAN2, a few things should be clarified first.
In Proposal 3-2, the descriptions for Alt.4-rev is only about the required RRC configurations (i.e., the victim band per each of switching case pair) but those for Alt.5 include how to determine the victim band based on the configured priority list on top of the required RRC configurations (i.e., priority for each band). This is not the same level between two Alts unless the sub-bullet under Alt.5 is removed.
With Alt.4-rev, gNB should set only one band among all bands of each switching case pair to a victim band. However, with Alt.5, gNB should set all switching-from band(s) or all switching-to band(s) according to that the highest priority band belongs to switching-from band(s) or not. This is not the same level between two Alts unless all switching-from(or -to) bands can also be determined based on the configured victim band by Alt.4-rev as well.

In this perspective, we suggest one of the following two options to modify LS. 

Option 1: Remove the sub-bullet under Alt.5
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is not with the highest priority band.

Option 2: Specify how to determine the victim band(s) for Alt.4-rev, such as
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is with the band which is configured as the switching period location
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is not with the highest priority band.


	Qualcomm
	Thanks FL’s great efforts to promote the discussion.
Q1: we are ok to send LS to RAN2 if this is majority view. 
Q2: Alt.4-rev is with clear configuration and Alt.5 is with less signaling. We slightly prefer Alt. 5 but agree that both of them are workable.
Q3:  neither for the two alternatives.

	vivo
	Regarding Google and HW’s comment, I think this is some kind of scheduling issue that can be avoided by NW since NW know where the location is. E.g, if NW configures B for (A,B,C), and PUCCH cell is on  C it can avoid PUCCH cell to be cut off through not scheduling PUCCH on C and PUSCH on B at the same time.
Q1: as we commented before, ok with LS to RAN2
Q2/Q3: either way works with further clarifications from ZTE/LG

	CATT
	Q1: We are ok to send LS to RAN2.
Q2: If RAN1 needs to down-selct one solution, some clarifications on Atl.4-rev are required. For example, only one ‘TRUE’ value is configured for each switching case pair and the UE determine the switching period location on either switching-from band(s) or switching-to band(s) that is not with the ‘TRUE’ value. 
Regarding the HW’s proposal, we are OK with it. And if Alt.4-rev is supported, it’s a gNB implementation issue to always configure the highest priority band with ‘False’.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Based on the feedbacks, it is good to try down-selection in RAN1 as HW and LG may not be ok to let RAN2 to decide.
First, as Huawei suggested, we should discuss the motivation/use-case of switching period location configuration.
Multiple companies pointed that it is to protect a specific carrier/band such as PCell so that some important transmission on the carrier/band (e.g., PUCCH/PRACH) can be protected from the interruption due to UL Tx switching. Although vivo commented that it can be scheduling issue, then what is the meaning of having flexibility for switching period location. We can first check whether all companies are on the same page on this point or not.
Assuming all companies are on the same page, next discussion is Alt.2-rev/5 vs Alt.4-rev with necessary clarification on how to achieve above motivation/use-case. ZTE and LG kindly provided good clarifications for Alt.5 and Alt.4-rev. However, as Google pointed, Alt.4-rev cannot achieve the motivation i.e., to protect a specific carrier in case such specific carrier is same side (either switch-from side or switch-to side) with another carrier configured with switching period location TRUE within the switching case pair. We should clarify whether/how to solve this issue for Alt.4-rev.
Finally, regarding whether we should stick to RAN4 agreement i.e., switching period location configuration per band pair, the moderator thinks anyway both Alt.4-rev and Alt.5 are different from it. Alt-2-rev may be covering RAN4 agreement, but as pointed by multiple companies, it is not necessary to have switching period location configuration per band pair if there is priority configuration per band (serving cell) as in Alt.5.

So, the moderator’s suggestion is to down select between Alt.4-rev and Alt.5 with clarifications as below or ask RAN2 to decide.
Updated proposal 3-2:
Down-select one of following alternatives
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.a: The gNB configures switching period location as TRUE for only one of the bands in each switching case pair. 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 with the band which is configured with the switching period location as TRUE.
· Alt.b: The gNB configures switching period location as TRUE except for only one of the bands in each switching case pair. 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 band which is configured with the switching period location as FALSE.
· 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.


	ZTE
	We are open to ask RAN2 to do the final decision. To us, the so-called prioritization is depending on the bandwidth, TDD configuration, T/F resource arrangement for each channel. Different bands involved in the switching may lead to different prioritization. Alt.4 offers better flexibility than Alt.5.

	vivo
	We share same view as ZTE. These two alts have the same logic, the difference is the signaling structure. Alt4 may have more signlling overhead but has high flexibility. But considering that RAN2 agreed per band pair (switched UL, dual UL) configuration this meeting, which also requires the finest granularity for configuration, the signaling overhead may not be an issue for RAN2.

	Google
	Regarding the updated proposal, as vivo said, the logic of Alt.4-rev and Alt.5 are the same. However, with more complexed RRC structure and larger overhead, we do not see any additional benefit introduced by Alt.4-rev. In this regard, we suggest taking Alt.5 as the solution for simplicity. 

	Moderator (NTT DOCOMO)
	Based on Friday moring offline discussion, the moderator would like to try down-selection in online session with more companies.
If it is still difficult to do it in RAN1, we can ask RAN2 to do down-selection.

Proposal for online:
Down-select one of following alternatives
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· The gNB configures switching period location as TRUE except for only one of the bands in each switching case pair. 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 band which is configured with the switching period location as FALSE.
· 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.





4. Issues regarding minimum separation time
At the RAN1#111 meeting, following agreement with working assumption part was made.
	Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· If there are two consecutive intra-band carriers in one band, µUL, 1 = max(µUL, 1-1, µUL, 1-2), where µUL, 1-1 and µUL, 1-2 are SCSs of active UL bandwidth parts of the carriers in the band
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}



4.1	Whether to confirm the working assumption
In contributions, following proposals were made regarding whether to confirm the working assumption on the minimum separation time.
	[2]
	According to the minimum separation time between two UL Tx switching, it reuses Rel-16/R-17 restrictions that no more than one uplink Tx switching within a reference slot. Second, the intension of the WA is to prevent frequent Tx switching, and gives separate time between two UL tx switching for 3 bands and 4 bands. It is generally fine to have a larger minimum separation time and reported by UE capability. So we support to confirm the WA.  
Proposal 2. Confirm the following working assumption. 

	[3]
	Generally, UL transmission on more than 2 bands by uplink switching should be restricted, i.e. minimum separation time can be defined to ensure sufficient processing time for uplink switching among more than 2 bands. Moreover, minimum separation time should be applied at any switching instance, not just for the event including two switching instances within two consecutive slots, but also the one single switching instance. It is also a strange observation for the current working assumption to talk about minimum separation time over two switching instances but the minimum separation time only contains one switching gap (as stated in 1st sub-bullet of the working assumption). 
So it is suggested to modify the working assumption as following, basically to change the working assumption to focus on minimum separation time over a single switching instance, which makes the separation time over two consecutive switching instances automatically satisfied:
Proposal 1: The working assumption in RAN1 #111 meeting can be agreed with following modification:
· (working assumption) If two one uplink switching are is triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first  uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}

	[4]
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Figure-1: An explanation of the working assumption for UL Tx switching timeline requirement.
Issue#3: The two Tx switching are still close to each other
According to the working assumption, the separation time starts from the end of all transmission(s) prior to the first uplink switching (T1) and ends at the start of all transmission(s) after the second uplink switching (T2) within the two reference slots. The separation time needs to be larger than the X us and the switching gap required for the second uplink switching. However, if the T1 occurs much earlier, then the separation time will definitely be satisfied. In this case, even if the two UL Tx switching are close to each other, the timeline requirement is still satisfied. It is not clear whether UE can handle this case or not. 
Take Figure 1 as an example, T1 is in slot 0 and T2 is in slot 3. The separation time between T1 and T2 is obviously larger than X+2nd switching gap. In this example, it is allowed to have the 1st switching period within the middle of slot 2 and have the 2nd switching period at the start of slot 3. The separation time between the 1st switching period and 2nd the switching period may be only several symbols. Whether UE is capable of handling this case should be clarified. 
Observation 3: Whether UE is capable of handling two UL Tx switching close with several symbols gap if the time requirement defined by the working assumption is satisfied.

	[7]
	In RAN1#111 meeting, most of issues with the higher priority were resolved. Regarding to the frequency of UL Tx switching, the basic idea is to reuse the current mechanism with extending 2 bands to 3 or 4 bands. Hence, frequent UL Tx switching at UE side can be avoided and UE complexity will not be increased.  Another issue is how to avoid back-to-back UL Tx switching in two adjacent reference slot. After heated discussion, we come to a middle ground that UE report its capability on the minimum separation time between the first switching and second switching. Considering there isn't much time left for Rel-18 UL Tx switching, it is fair to confirm the working assumption.
Proposal 1: Confirm the following working assumption achieved in RAN1#111 meeting.

	[8]
	Generally, if the 1st Tx shown for carrier-A UL transmission can be performed immediately after end transmission of carrier-B before the 1st Tx switching, the definition of duration for additional prepare Tx switching is reasonable. But it is not always true according to R16/ R17 rule. For example, the UE will not perform Tx switching earlier than  T0-Toffset because UE is allowed to trigger a new Tx switching before T0-Toffset, where T0 is start time of UL transmission  and where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
More ever, for UE implement issue, Tx switching may perform just before UL transmission. So for the worst case, the duration for additional prepare Tx switching can be defined as between the start of previous transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching. The duration is shown as following figure 4.
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Figure 4 Definition on duration for additional prepare Tx switching proposed
  
Proposal 3：On restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands, the work assumption can be modified as following 
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}

	[11]
	According to the working assumption, taking a 15 kHz FDD – 30 kHz TDD CA where the TDD pattern is DDDSU with S-slot 10:2:2 for DL:gap:UL symbols, and placing the switching period on the TDD carrier, with 140 us switching period the 500 us + 1 x switching period separation time just works, as depicted in Figure 2. However, if the switching period is 210 us, then the minimum separation between the switch-to-TDD carrier and switch-from-TDD carrier is still 18 symbols (500 us + 140 us), but the minimum separation required by the UE is 500 us + 210 us.
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[bookmark: _Ref127388807]Figure 2: FDD15-TDD30 with DDDSU (10:2:2), switching period on the TDD UL (140 us switching period)
Observation 4: The working assumption with X=500 us limits placing the switching period on the TDD uplink with some TDD patterns and some switching period capabilities.
Proposal 2: Amend the working assumption to
· The minimum separation time is a sum maximum of {X us, and 2 x the switching gap required for the second uplink switching}.
· X us is subject to UE capability with a value set of {0us, 500us}

	[15]
	Figure 2 is the Working Assumption illustrative figure from RAN1 #111. Two back-to-back switches are scheduled on slot #4 and #5, the above WA requires the network to guarantee the minimum separation time between end of transmission in #1 and start of transmission in slot #5. Even UE doesn’t slot #2 and #3 transmit, the back-to-back switches issue still remains as the switching scheduling could arrive at slot #2 or #3. It should be noted that this issue doesn’t exist in the illustrative figure (Figure 3) of RAN1#111 as the UL Tx before 1st UL Tx switching is close to the switching period.
To fix this issue, we propose to revise minimum separation time to between start of first switching period (in slot #4) and start of all transmission(s) after the second uplink switching within the two reference slots. We provide an illustrative figure of the proposal in Figure 3.
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Figure 4 Illustrative examples of issue of proposal for minimum separation between two consecutive switches

Proposal 2: Agree on the following revised WA 
· If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to start of the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}

	[16]
	The 1st bullet in the agreement is straightforward extension of existing specification for Rel-18 UL Tx switching across 3 or 4 bands, and the 2nd bullet i.e., working assumption part is additional minimum separation time for complexity reduction in new switching cases in Rel-18. The working assumption could provide a good complexity reduction option subject to UE capability e.g., with 500 us additional minimum separation time while more capable UE can achieve better performance with 0 us additional minimum separation time. We think that the condition and the value set for additional minimum separation time are reasonable, and hence we can confirm the working assumption.
Proposal 1: Following working assumption is confirmed.

	[17]
	The description of the minimum separation time in case two UL switches across two consecutive reference slots was endorsed as working assumption. Concerns were raised due to the ambiguity that the description could cause.  In our view the working assumption should be revised to accurately reflect the intention. We suggest incorporating the following clarifications in the working assumption for this purpose:
· Order the two UL transmissions that have triggered UL Tx switching by using the corresponding starting times.
· Clarify that all transmissions before the first switch and after the second switch are UL transmissions.
· Clarify the bands corresponding to all transmissions before the first switch and after the second switch.

Therefore, we propose to revise the working assumption as the following, and then confirm:
Proposal 2 [bookmark: _Toc127549745]Confirm the Working assumption on the switching separation time with incorporation the following changes:
· [bookmark: _Toc127549746][bookmark: _Hlk128056222](working assumption) If two uplink switching are triggered and result in two UL transmissions on more than 2 3 or 4 bands with corresponding starting times T0,1 and T0,2 with T0,1≤T0,2 within any two consecutive reference slots, then the time duration between the end of all UL transmission(s) prior to T0,1 the first uplink switching and the start of all UL transmission(s) after T0,2 the second uplink switching within the two reference slots on the 3 or 4 bands is expected to be not less than a minimum separation time



Based on above, although there are some companies proposing to confirm the WA as it is, there are multiple companies pointing the issue i.e., actual two UL switchings could be very close (as worst case) even if the minimum separation time in the current WA is met. In order to address the issue, modification to the WA is proposed by those companies, e.g., changing the definition of separation time to “the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching”.
On the other hand, if the definition of separation time is changed as above, X=500 us may need to be revisited. There is a contribution pointing that X=500 us limits placing the switching period on the TDD uplink with some TDD patterns and some switching period capabilities e.g., 210 us.
Therefore, the moderator’s proposal is to update the definition of the separation time with considering potential update for the value of X. Based on the original intention of the working assumption, “sum of X us and the switching gap” can be changed to “maximum of X us and the switching gap” so that two switchings can be separated with at least X=500 us e.g., two switchings can happen in two consecutive reference slots with same relative location within a reference slot.
Proposal 4-1:
Confirm the working assumption with following updates
· (working assumption) If two uplink switching are triggered and result in two sets of UL transmissions on more than 23 or 4 bands with corresponding starting times T0,1 and T0,2 with T0,1≤T0,2within any two consecutive reference slots, then the time duration between the startend of all transmission(s) afterprior to the first uplink switching i.e., T0,1 and the start of all transmission(s) after the second uplink switching i.e., T0,2 within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximumsum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, [500]us}

	Company
	Comment

	Samsung
	Support FL proposal 4-1.

	Apple
	Support the FL proposal 4-1

	vivo
	For the main bullet:
First, it should be clarified whether the case illustrated in the below figure is still included in the proposal or not. Based on the discussion at the last meeting, our understanding is that the original WA covers this case. However, the refined wording ‘If two uplink switching are triggered and result in two sets of UL transmissions on 3 or 4 bands’ seems to consider only the UL transmissions after the TX switchings (i.e., UL transmissions on band B/C), thus no longer applicable to this case. 
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For the sub-bullet, ok.

	ZTE
	Overall, the updated working assumption is much better and clear than the previous one. However, we are not sure why we still need 500us here since it is clearly shortened compared with the previous working assumption. 

	Nokia, NSB
	We support the improved wording. In our understanding vivo’s case should also be covered by the WA. 

	Qualcomm
	We support FL’s proposal 4-1. On the X value, we think 500us makes sense as it’s a typical slot size for sub-6 deployment, and this would guarantee the two adjacent switches are with a gap of one slot.

	NTT DOCOMO
	We support confirming the WA with modification.
Regarding vivo’s case, we also think it should be covered by the proposal.
Possible further modification is as below.
---
If two uplink switching among three sets of UL transmissions on 3 or 4 bands are triggered with corresponding starting times T0,1 for UL transmission(s) after first uplink switching and T0,2 for UL transmission(s) after second uplink switching, then the time duration between the start of all transmission(s) after the first uplink switching i.e., T0,1 and the start of all transmission(s) after the second uplink switching i.e., T0,2 is expected to be not less than a minimum separation time

	OPPO
	We support the intention of working assumption.  
The second Tx switch occurs no earlier than the ending of all transmission after first uplink switching, so it seems more reasonable for time duration to start from the he ending of all transmission after first uplink switching.

	LGE
	We support the original FL Proposal 4-1.
Regarding vivo’s example, we are not sure the minimum separation time is needed even for the Tx switching which is involved to only 2 bands. In Rel-16/17, there can be close UL transmissions before and after Tx switching between 2 bands. In our understanding, motivation of min separation time in Rel-18 is to relax the UE burden for close UL transmissions when the set of UL transmissions before and after Tx switching are on more than 2 bands, not on 2 bands such as in Rel-16/17. This seems an enhancement of Tx switching across 2 bands.

	Xiaomi
	We are fine with the last version from DCM. It is much clear and can avoid the case that the back-to-back UL TX switching is too close to each other.
Regarding the X value, we agree with Qualcomm that 500us should be fine.

	CATT
	We support the updated FL proposal. In our understanding, two switching among four sets of UL transmission on 3 or 4 band should be also coverd by the FL proposal. Thus, “four sets of UL transmission” case requires to be added in the updated proposal.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems all companies are fine with the intention of modification, while there may be some different views on the detailed wording e.g., whether vivo’s case needs to be covered or not.
In addition, it seems 500 us with modification to sub-bullet (i.e., change from “sum” to “maximum”) is fine for all.
So, we can discuss wording for main bullet, such as whether vivo’s case is covered or not, whether it is three sets of UL transmissions with two UL Tx switching or four sets, etc.

Updated proposal 4-1:
Confirm the working assumption with following updates
· (working assumption) If two uplink switching among three sets of UL transmissions on 3 or 4 bands are triggered and result in UL transmissions on more than 2 bands with corresponding starting times T0,1 for UL transmission(s) after the first uplink switching and T0,2 for UL transmission(s) after the second uplink switchingwithin any two consecutive reference slots, then the time duration between the startend of all transmission(s) afterprior to the first uplink switching i.e., T0,1 and the start of all transmission(s) after the second uplink switching i.e., T0,2 within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximumsum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


	ZTE
	It is clear that the case mentioned by vivo should not be covered by the working assumption. 
· If you take the first and second slot as reference slots, then  there is only one Tx switching within them, no need to care about this; 
· If you take the second and third slot as the reference slots, there are two Tx switchings, however there are transmissions on only two bands. In this case, the working assumption should not be applied for this case.

Coming back to the newly proposed working assumption, we don’t think we should mentiond the third set of UL transmissions here. Similar reason as we clarified for the case mentioned by vivo.


	Apple
	Fine with FL’s updated proposal

	Vivo2
	Thanks for LG and ZTE for the comments. We understand the original intention of X was to introduce a gap only for two new switching cases (i.e., TX switching involving 3 or 4 bands), but after checking the previous discussion and WA, we think the above case(two 2-band TX switching) is covered by previous WA for the following reasons:
according to FL summary of the last meeting, the modified agreement 5.1 from Huawei on separation time was intended to cover the following two cases in addtion to two new TX swithchings with each involving 3/4 bands, wherein the 2nd figure below is an example for ‘Each UL Tx switching involves only two bands, but the union set of involved bands has more than two bands’. The only difference between the 2nd figure and our figure is that there are 3 bands with UL transmissions in the 2nd and 3rd slots in the 2nd figure, but both figures belong to the case of two 2-band TX switching in two slots, thus lead no difference in the requirement of separate time especially considering that the updated WA has redefined the separation time as the gap between the start of transmissions after UL TX switching. Thus, if the WA still intends to include the 2nd figure, then it should also cover our figure above. In other words, the two-slot time restriction in the WA is only for TX switching but not for the union of UL transmissions.
“The second main bullet does not addresse the following cases, illustrated below
· The second UL Tx switching involves three bands, but the first UL Tx switching only involves two bands.
· Each UL Tx switching involves only two bands, but the union set of involved bands has more than two bands. 
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Therefore, some changes are proposed,
Proposed agreement 5.1
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
  The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
  If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of the earliest transmission and the start of the latest transmission within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the latest transmission.
· X us is subject to UE capability with a value set of {0us, 500us}”
Even if the group confirmed that WA dose not cover our case, ‘the two set of UL transmission’ is still not accurate as the wording cannot cover the 2nd figure.
Having said that, we are also think it would be better to avoid mentioning the number of set of UL, maybe we can just say ‘among an union of UL transmissions on 3 or 4 bands’. We are also ok if the majority wants to exclude the case where ‘Each UL Tx switching involves only two bands, but the union set of involved bands has more than two bands’ from the WA.
·  (working assumption) If two uplink switching among an union of UL transmissions on 3 or 4 bands are triggered and result in UL transmissions on more than 2 bands with corresponding starting times T0,1 for UL transmission(s) after the first uplink switching and T0,2 for UL transmission(s) after the second uplink switchingwithin any two consecutive reference slots, then the time duration between the startend of all transmission(s) afterprior to the first uplink switching i.e., T0,1 and the start of all transmission(s) after the second uplink switching i.e., T0,2 within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximumsum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}

	Qualcomm
	Thanks for FL’s promotion.
We agree with ZTE that if we use two consecutive reference slots as the checking window there are only two bands switching. Meanwhile, we also feel companies are willing to include vivo’s scenario into current agreement, which we also support. We propose to use 28 consecutive symbols as reference time window which would cover vivo’s case without major changes of current wording. 
The revision is as below.
· (working assumption) If two uplink switching among three sets of UL transmissions on 3 or 4 bands are triggered within Y consecutive symbols and and result in UL transmissions on more than 2 bands with corresponding starting times T0,1 for UL transmission(s) after the first uplink switching and T0,2 for UL transmission(s) after the second uplink switchingwithin any two consecutive reference slots, then the time duration between the startend of all transmission(s) afterprior to the first uplink switching i.e., T0,1 and the start of all transmission(s) after the second uplink switching i.e., T0,2 within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximumsum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}
· Y symbols could be [28]


	NTT DOCOMO
	We are fine with proposed modification from vivo.

	LGE
	@Vivo2: Thanks for your detailed explanations. 
In the WA, the min separation time is defined across 3 set of UL transmissions, but in the updated FL proposal, the min separation time is the duration between 2 set of UL transmissions. This is the reason we do not support the min separation time (defined for Tx switchings involving more than 2 bands) is also applied to Tx switchings involving only 2 bands. In this perspective, we don’t think the 2nd figure above is the target for the min separation time, at least for the updated FL proposal.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems Qualcomm’s suggestion is reasonable since vivo’s case could be covered if transmission(s) before the first UL Tx switching ends close timing while it is not covered if transmission(s) before the first UL Tx switching ends very early. Originally we defined such a window (like Y symbols in Qualcomm proposal) as “two consective reference slots”, and hence it can be back or Y symbols definition can be used.

I’d like to ask companies to check whether following proposal is acceptable.
· (working assumption) If two uplink switching among three sets of UL transmissions on 3 or 4 bands are triggered within Y consecutive symbols and and result in UL transmissions on more than 2 bands with corresponding starting times T0,1 for UL transmission(s) after the first uplink switching and T0,2 for UL transmission(s) after the second uplink switchingwithin any two consecutive reference slots, then the time duration between the startend of all transmission(s) afterprior to the first uplink switching i.e., T0,1 and the start of all transmission(s) after the second uplink switching i.e., T0,2 within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximumsum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}
· Y symbols is 28 symbols based on µUL

	NTT DOCOMO
	We support the updated proposal.

	vivo
	Ok with the proposal

	ZTE
	We support the previous FL proposal, but we do NOT support the updated FL proposal.
The updated FL proposal has the same issue as the working assumption we reached in last meeting:
1: The switching period location is still under discussion. It may be up to UE implementation. How can the gNB know where the switching period is and whether two switching periods are within Y consecutive symbols.
2: The timing here only refers to the UL transmission before the 2nd switching period (i.e., or after the 1st switching period) and UL transmission after the 2nd switching period, we don’t think we need to take the transmission before the 1st switching period into account.

	Huawei, HiSilicon
	We don’t support the updated FL proposal for the following reasons. 
· The reference slots should not be replaced by any consecutive symbols which was one discussion point before the WA was maded. A gNB cannot check every floating time windows for such restriction. Reference slot was a compromise to address the concern of gNB complexity.
· The following figure was one of the target scenarios last meeting and has been covered by current WA. However, the change to replace “result in UL transmission on more than 2 bands” with “three sets … on 3 or 4 bands” is precluding it. We prefer the original wording. 
· It is worth noting that additional 500us is to manage RF hardwares. The duration between the end of all transmission prior to the first uplink switching and start of all transmission(s) after the first uplink switching can be also used to RF hardwares management. Therefore, we feel that the change for tigher restriction is not necessary.
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	Qualcomm
	We support the FL’s updated proposal.

	CATT
	We agree with HW, that the reference slot should be defined as 2 slots instead of 28 symbols. Otherwise, the nework requires checking the UL Tx switching within any 28 consencutive symbols, which is not neccessay at all. We think the minimum seperate time between two UL TX switchings is sufficient for a UE to handle the Rel-18 TX switching. 
Additionaly, the definition of ‘the set of UL transmission’ should be futher clarified. In our understanding, the first set of UL transmissions is a set of UL transmission among 3/4 bands before the first UL TX switching, and the second set of UL is is a set of UL transmissions after the first UL TX switching, and the third set of UL transmission is a set of UL transmissions after the sencond UL TX switching. Because we never achieve an agreement/conclusion on what a set of UL transmission is, a definition on a set of UL transmission is required to make the proposal clearer. 

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
In my understanding, the motivation of the modification is well understood among companies that potentially two UL switching can be very close in case of original working assumption (as in CATT’s figure below). Even though it is still discussing in AI 7.2 whether switching period ends at the start of UL transmission after the switching or not, but for minimum separation time, anyway we should consider worst case. So, at least, the definition of minimum separation time should be changed to avoid such case.
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Based on the feedbacks, we see there is a concern on “Y symbols”. In that sense, we can minimize the modification from original WA as below. In this case, UL transmissions within two consecutive reference slots are counted for whether there are more than 2 bands or not so that the case of following figure from Huawei could be covered by the WA.
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Updated proposal 4-1:
Confirm the working assumption with following updates
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a summaximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


	ZTE
	The above working assumption is not clear from my side. There are at least two different understandings:
· Understanding#1: The two uplink switching periods need to be within two consecutive reerence slots;
· Understanding#2: The UL transmissions on more than 2 bands are within two consecutive reference slots.
From our perspective, understanding#1 is not feasible since the switching period location may be up to UE implementation (which was under discussion in Rel-16 CR). If the intention of this proposal is to go with understanding#2, then we propose the following updates on top of FL’s proposal.

Updated proposal 4-1:
Confirm the working assumption with following updates
· (working assumption) If two uplink switching are triggered and result in UL transmissions resulted by two uplink switchings are on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a summaximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


	Qualcomm
	Thanks FL, ZTE and all for the promoted discussion.
@ZTE, we understand your concern but think the revision could not solve the back to back switching issue. One example is as below. There are two switches on slot #2 and #3 but the transmissions are only on band C and D which doesn’t fulfill the WA triggering threshold (transmission on more than 2 bands).  
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Given Rel-16 CR discussion doesn’t have agreement, we propose following revision to use start of transmission after switching as the reference time point as this would be the worst case for UE to switch. The below revision could also be implemented to ZTE’s revision, we are also fine with ZTE’s version with following revision.
Updated proposal 4-1:
Confirm the working assumption with following updates
· (working assumption) If two uplink switching are triggered and result in start of UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a summaximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


	Qualcomm
	Sorry, we pasted the wrong figure above and updates the figure below. No change for rest part.
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	Moderator (NTT DOCOMO)
	Based on Friday moring offline discussion, we could reach offline consensus on the following proposal.

Offline consensus:
Confirm the working assumption with following updates
· (working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a summaximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}






4.2	Reporting granularity of UE capability on the X us
In contributions, following proposals were made regarding reporting granularity of UE capability on the X us.
	[1]
	In Rel-17, 2T+2T band combination and 2T+ {intra band 2T+2T} band combination have been agreed to support without the restriction of minimum separation time, which can be set the capability baseline of UE memory management for Rel-18. Therefore, the restriction of minimum separation time should be only for the Rel-18 band combination where the aggregated number of supported Tx across all bands is more than 4, e.g., 2Tx-2Tx-2Tx band combination on 3 bands scenario and 1Tx-1Tx-2Tx-2Tx band combination on 4 bands. It is because additional 500us is to manage RF hardwares and only high dimension of combined UL-MIMO capabilities across all bands can increase UE implementation burden to manage UE RF hardware compared to Rel-17 UL Tx switching. With this baseline, the UE reporting granularity for minimum separation time has following candidate schemes,
· Option 1: UE reports X us with a value set of {0us, 500us} per FS.
· Option 2: UE reports X us with a value set of {0us, 500us} per BC
· Option 3: UE reports X us with a value set of {0us, 500us} per BC and maximum aggregated number of configured Tx (i.e., Y Tx) per BC, where the Y is used to indicate that the 500us restriction is required only when the aggregated number of configured Tx across all bands within the configured band combination is more than Y.
Observation 1: The case of the configured band combination where the aggregated number of configured Tx across all bands is no more than 4 have been supported in Rel-17 UEs without the new scheduling restriction, which can be taken as the UE capability baseline of UE RF management for Rel-18.
For Option 1, UE can report different values for different FSs (feature sets). The granularity of per FS can achieve better flexibility of capability reporting because the restriction of minimum separation time can be only reported for some FS groups. For example, UE can report 500us for one band combination where UL-MIMO capability of one FS group is 2Tx-2Tx-1Tx and report 0us for the same band combination where UL-MIMO capability of another FS group is 2Tx-1Tx-1Tx. However, the signaling overhead is large because the field of X us exists in every FS. Additionally, it can allow a UE to report different values of separation time for each band, e.g. 0 us for Band A and 500 us for Band B within the same band combination, which seems too flexible and needs some clarifications.
With respect to Option 2, UE can report different values for different band combinations but the same values for different aggregated number of configured Tx across all bands. For example, for the same band combination, a UE may require 500us for 2Tx-2Tx-2Tx MIMO configuration because the aggregated number of configured Tx across all bands is more than 4 but only requires 0us for 1Tx-1Tx-2Tx MIMO configuration. With Option 2, the UE has to report the worse value that is intended for the worse case, i.e. 500 us for 2Tx-2Tx-2Tx MIMO configuration, which costs unnecessary restriction of separation time for lower dimension of MIMO configurations like 1Tx-1Tx-2Tx and 1Tx-1Tx-1Tx. 
Option 3 can resolve the issue of Option 2 by additionally reporting maximum aggregated number of configured Tx (i.e., Y Tx) per BC, where the Y is used to indicate that the 500us restriction is required only when the aggregated number of configured Tx across all bands within configured band combination is more than Y. For example, new restriction is not needed for gNB configuration with 1Tx-1Tx-2Tx when the reporting value of Y is 4. Therefore, Option 3 has better performance with small additional signaling overhead.
Table 1 The comparison of candidate schemes
	
	Option 1
	Option 2
	Option 3

	Signalling overhead
	Large
	Small
	Medium

	Performance
	Best
	Medium
	Best


From the analysis above, the comparisons of candidate schemes above are summarized in Table 1. It can be found that Option 3 has better tradeoff between signaling overhead and performance. Therefore, we propose, 
Proposal 1: For the restriction of minimum separation time between two succeeding UL Tx switchings in Rel-18 UL Tx switching, if a UE reports X us with a value set of {0us, 500us} per BC, then the UE can additionally report maximum aggregated number of configured Tx (i.e., Y Tx) per BC, where the Y is used to indicate that the 500us restriction is required only when the aggregated number of configured Tx across all bands within configured band combination is more than Y.

	[16]
	There is one potential point that RAN1 can further discuss and clarify, i.e., reporting type/granularity of the capability on X us. Although RAN1 can discuss such aspect as part of UE feature discussion as usual, it may be helpful for RAN2 to design capability signalling for this WI. In our view, X us can be reported per UL Tx switching band combination (such as 3 or 4 bands BC). Potential finer granularity than it e.g., per switching band pair in the band combination seems too much.



Based on above, two companies proposes that it should be per-BC, while one of the companies additionally proposes that UE can additionally report maximum aggregated number of configured Tx per BC so that the [500] us restriction is required only when the aggregated number of configured Tx across all bands within configured band combination is more than the reported number. Candidate value of the maximum aggregated number of configured Tx can be 4 and larger, e.g., {4, 5, 6, 7}.
The moderator would like ask companies’ feedback on the proposals.
Proposal 4-2:
UE capability on the X us is reported per BC.
· [UE can additionally report maximum aggregated number of configured Tx per BC so that the [500] us restriction is required only when the aggregated number of configured Tx across all bands within configured band combination is more than the reported number]
	Company
	Comment

	Samsung
	Support FL proposal 4-2 in principle and should send LS to RAN2. Final decision / agreement then up to RAN2. 

	Apple
	We suppor the proposal without the sub-bullet in brackets.

	vivo
	We think per BC is ok, the sub-bullet is not needed.

	ZTE
	It seems too early to discuss the report granularity for Rel-18 UE capability. We propose to defer it to the end of Rel-18.

	Nokia, NSB
	We are OK with the main bullet. The bracketed sub-bullet maybe beneficial, but the necessity and practical use needs further clarification.

	Qualcomm
	We share same view as Apple and vivo.

	NTT DOCOMO
	We support per BC report of X us. We are open to discuss sub-bullet.

	OPPO
	Share view as Apple and vivo.

	LGE
	Same view as Apple and vivo.

	xiaomi
	Share view that the sub-bullet is not necessary.

	CATT
	We support the FL proposal, and open to discuss sub-bullet.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems almost companies are fine with per-BC for X us reporting while sub-bullet is not supported by majority.
So, updated proposal is as below.
Updated proposal 4-2:
UE capability on the X us is reported per BC.


	ZTE
	Although we don’t think we need to touch the UE capability design at this stage, we would be ok with this following the majority view.

	Apple 
	Support FL’s updated proposal

	Qualcomm
	We support FL’s updated proposal 4-2.

	NTT DOCOMO
	We support the updated proposal 4-2.

	LGE
	Support FL’s updated proposal

	Samsung
	Support updated FL proposal 4-2.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems the proposal is agreeable, but it can be checked after proposal 4-1.



Updated proposal 4-2:
UE capability on the X us is reported per BC.


4.3	Minimum separation time for MTAG case
In contributions, following proposals were made regarding minimum separation time for MTAG case.
	[11]
	When considering two timing advance groups, where the uplinks are not symbol-boundary alignment, at least one additional symbol needs to be sacrificed for the switch, With the X=500 us and the minimum separation time of X + one switching gap further reduces the TDD patterns that can be applied with UL Tx Switching. Thus it is important to reduce the minimum separation time by one symbol duration to still be able to operate the same TDD configurations.
Proposal 3: For two timing advance group support, modify the working assumption to:
· X us is subject to UE capability with a value set of {0us, 500us} for single TAG, and {0, 430 us} for more than one TAG.



As above, it is proposed to have different minimum separation time values between single TAG and multiple TAGs. The motivation is to consider one additional symbol duration consumed for switching due to symbol-boundary misalignment between uplink carriers/bands. However, if RAN1 can agree on the proposal 4-1 i.e., changing the definition of the separation time from “sum of X us and switching period” to “max of X us and switching period”, having different value of X would not be necessary.
The moderator would like ask companies’ feedback on the proposals.
Proposal 4-3:
For more than one TAG case, X us is subject to UE capability with a value set of {0us, [430]us}
	Company
	Comment

	Samsung
	We prefer to agree on FL proposal 4-1 which would avoid the need to introduce different min  separation time(s) for the 1 TAG and 2 TAG cases.

	Apple
	We prefer to keep same value set as for single TAG case

	vivo
	Agree with FL’s assessment

	ZTE
	We suggest to discuss this issue after we reach consensus on the previous working assumption. Currently,  it is difficult to discuss some whose basic working assumption is not stable yet.

	Nokia, NSB
	We support the proposal. OK to take it as a working assumption to be confirmed after the single TAG case has been stabilized.

	Qualcomm
	We are ok to either discuss this now or after WA is stable. We share same view as Apple that single value (500us) for single TAG and M-TAG would be simplify UE capability report.

	NTT DOCOMO
	We agree that if RAN1 agrees on the proposal 4-1, value of X can be same between single TAG and multiple TAG cases.

	OPPO
	Share view as Apple and Qualcomm.

	LGE
	Share the view with Qualcomm

	Xiaomi
	Share view as Apple and Qualcomm.

	CATT
	We also think the same value can be used for the one TAG case and multiple TAGs case. Rergarding the multiple TAG case, we are open to discussion how to determine the actual minimum separate time. 

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems almost companies are fine with single value (500 us) for both single TAG and multiple TAG cases.
So, updated proposal is as below.
Updated proposal 4-3:
For more than one TAG case, X us is subject to UE capability with a value set of {0us, 500us} as well as for one TAG case.


	Apple 
	Support FL’s updated proposal

	Qualcomm
	We support FL’s updated proposal 4-3.

	NTT DOCOMO
	We support the updated proposal 4-3.

	LGE
	Support FL’s updated proposal

	Samsung
	Support updated FL proposal 4-3

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems the proposal is agreeable, but it can be checked after proposal 4-1.



Updated proposal 4-3:
For more than one TAG case, X us is subject to UE capability with a value set of {0us, 500us} as well as for one TAG case.


5. Issues regarding potential ambiguity between one switching and two switchings
At the RAN1#111 meeting, the issue on potential ambiguity between one switching and two switchings was pointed and following proposal was made. Due to the lack of time, there was no conclusion on this issue at the meeting.
	When a UE is triggred to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
Based on the grants, if the two Tx chains are triggred 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 perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.



5.1	Potential clarification
In contributions, following proposals were made regarding this issue and potential clarification.
	[1]
	Observation 3: In Rel-16, when a UE receives two DCI before T0-Toffset, UE performs only one UL Tx switching for both the UL transmission scheduled by two DCIs if the UL transmissions on the two bands are at least partially overlapped in time domain, otherwise two UL Tx switching are performed.
Proposal 4: Rel-16 mechanism of Tx switching can be directly reused in UL Tx switching among 3 or 4 bands.
· For dual UL, two UL transmissions that overlap in time can trigger only one UL Tx switching.

	[3]
	Proposal 3: Whether one Tx switch or two Tx switches are performed mainly depends on time location of scheduling transmission for succeeding UL transmissions on two bands. 
· If scheduling signaling for the succeeding transmissions on two bands are both received before switch duration, one Tx switch is performed to support two Tx chain switching in one time. 
· If either scheduling signaling for the succeeding UL transmissions on two bands is received after switch duration, two Tx switches are performed if the transmission band scheduled by later grant is different from configured associated band for the transmission band scheduled by earlier grant, and one Tx switch is performed otherwise. 

	[5]
	Proposal 2: When two Tx chains are switched between two different band pairs and the two UL transmissions after Tx switching are at least partially overlapped in time domain, UE should perform “one Rel-18 Tx switching” only.
Proposal 3: When two Tx chains are triggered to switch between two different band pairs, and the two UL transmissions after Tx switching are at least partially overlapped in time domain, based on grants that are received by UE before T0-Toffset , UE determines how to perform Tx switching, where T0 is the earlier UL transmission in the UL transmissions after Tx switching, Toffset is the UE processing procedure time defined for the uplink transmission triggering.


[bookmark: _Hlk128068832]Proposal 4: To determine the Toffset which is composed of N2  and , the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2,  additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine .

	[6]
	Proposal 1: If a first DCI schedules a first UL transmission in a reference slot that triggers a first TX switching, and if a second DCI schedules a second UL transmission in the reference slot that would triggers a second TX switching, the first TX switching and the second TX switching are considered as one TX switching if the second DCI is received before T0-Toffset.

	[7]
	Observation 1: UL Tx switching should be counted based on the times of Tx chain change as the legacy method.
Observation 2: There is no ambiguity on switching period for both 3 band UL Tx switching and 4 band UL Tx switching.

	[8]
	Proposal 1：For baseline UE assumption, based on the grants, 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 perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
Proposal 2：For optional UE capability, based on the grants, if the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), if there is time domain overlapping between two bands Tx switching period, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.

	[9]
	Observation: The Rel-17 mechanism can be referred for the following issue for Rel-18 Tx switching:
· When a UE is triggered to perform Tx switching between a band pair, and the start of the UL transmission after Tx switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· Based on the grants, if two UL transmissions on different bands are scheduled after Tx switching, when the two UL transmissions are at least partially overlapped in time domain, UE performs it as one Tx switching to transmit the two UL transmissions, otherwise as one possible Tx switching to transmit first UL transmission and another possible Tx switching to transmit second UL transmission.

	[10]
	Proposal 2. For Rel-18 UL Tx switching for 3 or 4 bands, when two Tx chains are switched between two different band pairs, it is considered as one Tx switching if the two UL transmissions after switching are overlapped in time-domain, and the switching gap is determined based on the maximum of the switching periods. 

	[12]
	Proposal #4: For a Tx switching case involved 3 or 4 bands, where two UL transmissions on two transmitting bands are partially overlapped in time, the switching period location is determined based on the band with earlier UL transmission and the length of switching period is determined as the largest one among the reported switching periods for all involved band pairs.

	[14]
	Proposal 3: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the baseline requirements should be that the UE is able perform the switching simultaneously in a single switching period location (based on the two triggers), i.e. no two different switching period location should be required by UE to perform switching, otherwise, UE determines these two triggers of UL Tx switching as two different UL Tx switching instances
Proposal 4: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the end of second DCI triggering the UL Tx switching should be received by UE no later than T0 – Toffset - Tadd, where Tadd can be reported as a UE capability value.

	[16]
	Proposal 3: When a UE is triggered to perform UL Tx switching and the start of the UL transmission after the UL Tx switching is T0, UE uses information regarding UL triggered before T0-Toffset to determine how to perform the UL Tx switching.



Based on above, companies’ views can be summarized as below.
· Alt.1: whether one Tx switching or two Tx switchings is determined based on trigger timing for transmissions to be performed after the first Tx switching
· Supported by [3], [6], [14], [16]
· For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the end of second DCI triggering the UL Tx switching should be received by UE no later than T_0 – T_offset – T_add, where T_add can be reported as a UE capability value [14]
· Alt.2: whether one Tx switching or two Tx switchings is determined based on trigger timing for transmissions to be performed after the first Tx switching and whether two transmissions after the first Tx switching is at least partially overlapped in time or not
· Supported by [1], [5], [8], [9], [10], [12]
· For UE having RAN4 agreed advanced capability, it is whether there is time domain overlapping between two bands Tx switching periods or not instead of whether two transmissions after the first Tx switching is at least partially overlapped in time or not [8]
· To determine the T_offset which is composed of N_2 and T_switch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µ_DL and the minimum SCS among the UL carriers after Tx switching is used as µ_UL to determine N_2,  additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µ_UL to determine T_switch [5]

There are mainly two camps, one argues that Rel-16/17 determination mechanism where only one Tx switching is required if two transmissions after the Tx switching are at least partially overlapped in time, while another camp considers that how to perform the Tx switching can be determined based on all available information at T_0 – T_offset. Slightly larger number of companies consider that Rel-16/17 determination mechanism can be reused, although in such case the second UL Tx switching is performed and switching period impacts to either first or second transmission after the first Tx switching when the first and second transmissions after the first Tx switching are not overlapped but with interval shorter than the switching period.
There are some additional proposals, such as how to derive T_offset and how to determine one or two Tx switchings for UE having advanced capability agreed in RAN4.
Therefore, the moderator’s proposal is to agree on the proposal made at the last RAN1 meeting (which is same as Alt.2 above i.e., reusing Rel-16/17 determination mechanism) and some potential clarifications for T_offset and case with advanced capability.
Proposal 5-1:
· When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· To determine the Toffset which is composed of N2 and Tswitch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2,  additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine Tswitch
· 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 perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
· For UE having capability to use Tx chain for transmission even during the switching performed at another Tx chain, if the two Tx chains are triggred to switch between two different band pairs (e.g., band A + band C->band B + band D), when there is time domain overlapping between two bands Tx switching period, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.

	Company
	Comment

	Samsung
	We support FL proposal 5-1.

	Apple
	We don’t agree that Rel-16/17 mechanism is sufficient to determine whether to consider A+B->C+D as single switching instance or two switching instances. Depending on that, T_offset value might be different since for single switching case, the T_offset value would depend on the maximum switching period among all band pair combinations. However, for two separate switching cases, the T_offset would be different. Therefore, we think that for UE to determine correctly, some additional time before T_0 – T_offset is needed. This could be a UE capability. 

	vivo
	For the 2nd subbullet, it is not clear how to derive T0 when the two UL transmissions after the TX switching have different starting points. 
Asuming the starting points of the earlier transmission and the later transmission after the Tx switching are T0_1, T0_2, respectively. After receiving DCI#1 scheduling the earlier transmission on B, UE may decide to perform A+C->B+C if the associated band of B is C. If the DCI#2 scheduling the later transmission on D is later than T0_1-Toffset, it would be too late for UE to change the switching case to A+C->B+D. Thus, if NW wants to schedule overlapped UL transmission on B+D, it should ensure that DCI#2 is no later than T0_1-Toffset. In other words, in this case, T0 is the start of the earlier UL transmission of the two UL transmission
· If the two Tx chains are triggred 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 perform it as one TX switching involving more than 2 bands, and T0 is the start of the earlier UL transmission of the two UL transmission; otherwise as twice of TX switching.
Alternatively, the wording for T0 clarification can be refined from the prespective of UE expectation:
· If the two Tx chains are triggred 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 perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
· If UE perform it as one TX switching involving more than 2 bands, UE expects that the DCI scheduling the later transmission in the two UL transmissions after TX switching should be no later than T0,1- Toffset, where T0,1 is the start of the earlier transmission in the two UL transmissions after TX switching

	ZTE
	In general, we are supportive to clarify this issue. 
However, it seems the last bullet is not clear to us yet. 
It is not clear whether the main bullet of the second bullet is applicable to UE having capability to use Tx chain for transmission even during the switching performed at another Tx chain.
Meanwhile, regarding the sub-bullet of the 2nd bullet, if here is time domain overlapping between two bands Tx switching period, it is likely that the uplink transmissions are also overlapped, then it seems we don’t need this sub-bullet at all. 

	NTT DOCOMO
	We are supportive to clarify this issue, and based on the comment T0 and Toffset can be further clarified.
For T0, vivo’s suggested wording seems enough.
For Toffset, we are open to discuss Apple’s proposal, but we basically think that appropriate definition of Toffset is enough and “Tadd” based on UE capability may not be necessary.

	OPPO
	Generally, we are fine with the intention of proposal. However, in our understanding, the restriction of  “partially overlapped in time domain” is not necessary.

	LGE
	Support the proposal in general. The sub-sub-bullet under the 2nd sub-bullet can be discussed after what the “one Tx switching” with the baseline UE assumption is clarified.

	CMCC
	We support the intention of the proposal, and the detailed clarification of T0 and Toffset can be further discussed.

	xiaomi
	We are fine with the proposal although we think nothing is broken without such kind of clarification. The UL Tx switching is clear without additional clarification, the UL Tx switching is counted based on how many UL Tx switching happens among different band pairs.  On the other hand, we admit that it will introduce interruption on another carrier if two UL transmission overlap in time domain. But this case happens quite rare in our understanding.
From our understanding, it is not a clarification but a new definition of UL Tx switching. We are open to discuss the details following witht the current framework as it seems majority of companies support it.

	CATT
	We are ok with the proposal. 

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems majority supports intention of the proposal, while some further discussion is necessary e.g., for following points.
・definition of T0 and Toffset, especially when starting timing of two uplink transmissions after uplink switching are different
・Tadd is necessary or not
・condition on “partially overlapped in time domain” is necessary or not
・how to handle UE with advanced capability agreed in RAN4
Companies’ further feedbacks on above points are encouraged.

	ZTE
	From our perspective, there are two flavors, 
1) one is to reuse what we have since Rel-16 and no spec change is needed.
2) Another is to define it clearly by taking the timeline issue into accout.
Either way is ok for us. But if companies couldn’t agree on the detailed timeline in the end, then we should fall back to 1).

Regarding the questions raised by moderator, our understanding is as following:
1) T0 is the starting time of the earlier transmission, Toffset is the processing time for the earlier transmission;
2) We don’t see the motivation of Tadd;
3) Although it is not clearly specified in the specification, “partially overlapped in time domain” is the condition to determine “one” UL Tx switching. It should be kept, otherwise it is not compatible to Rel-16/17.
4) It seems the proposal can be applied to UE with or without advanced capability agreed in RAN4. Maybe more clarification on this aspect is needed.

	Apple
	From our point of view, we are fine to solve the issue one way or the other and not necessarily by adding T_add, although it would be the most straightforward way.
Basically, the issue happens when the switching gap determined after the second DCI trigger is longer compared to the switching gap determined after the first DCI and based on which the T0 – Toffset was determined initially. 
Therefore, if having T_add is not preferred, then we can simply consider that both the DCIs should be received before T0_1 – max{Toffset_1,Toffset_2}, where T0_1 is the starting point for UL transmission triggered by first DCI, Toffset_1 is calculated based on switching gap and processing time determined after first DCI and Toffset_2 is calculated based on switching gap and processing time determined after the second DCI. If the second DCI is received not before T0_1 – max{Toffset_1,Toffset_2}, then they are considered as 2 switching instances.  

	Vivo2
	・definition of T0 and Toffset, especially when starting timing of two uplink transmissions after uplink switching are different
As we explained, if it is performed as single TX switching, T0 is the starting time of the earlier transmission
For Toffset, we are ok with either solution: 1)N2 and Tswitch are determined as the 1st sub-bullet; 2)Toffset is the processing time for the earlier transmission or max{Toffset_1,Toffset_2}, but it should be noted that the the swiching period in Toffset should be the larger switching period reported for the two band pairs as per RAN4 agreement
If it is performed as two TX switching, T0 and Toffset is determined in the same way as Rel16.
・Tadd is necessary or not
We don’t see a strong need of Tadd at this stage, but we are open for UE capability.
・condition on “partially overlapped in time domain” is necessary or not
Yes. 
If there is no overlapping, e.g., when the two UL transmissions are far way enough, there is no difference between one TX switching or two TX switching as the two TX switching will not intereference each other. But when there is overlapping, if UE implememnts it as two TX switching, then the transmissions after TX switching will be intrerrupted twice if there are two switching periods. So, the proposal is just to ensure that UE will not prefer two switching when the two transmissions are overlapped. 
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・how to handle UE with advanced capability agreed in RAN4
We also think 2nd sub-bullet can be applied to UE with advanced capability to have a unified design for simplicity. Thus, there is no special treatment for advance UE.
The last sub-sub-bullet is trying to allow different UE behavior for the following two cases (the yellow block is switching period, )


Case1(A->B, C->D: switching period for A->B is put on B because there is no sufficient gap. switching period for C->D before UL transmission of D because there is a sufficient gap)


Case2(s A+C->B+D:witching period for A+C->B+D is put on B because there is no sufficient gap)
First of all, we don’t think NW can always figure out whether the two switching periods will be overlapped or not in case1 unless the Rel-16 CR on fixed switching period in 7.2 is agreed. 
2nd, for advance UE in case1(two switching), although the two switchings do not impact each other, both UL transmissions on B and D suffer UL interruption. But in case2(one switching), only B will be interrupted. 
Third, from the perspective of complexity, we think there is no motivation to have different implementation for the above cases. Otherwise, there will be larger spec efforts.

	Qualcomm
	Sorry for not providing comments in 1st round as we need time to think about the issue.
In general, we don’t think this discussion and agreement on whether one or two switches is a must. 
We would share our views on either 1 or 2 switches for a four-band switch case: A->C and B -> D and with some transmission time overlaps as shown in below figure.
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If the scheduling arrives sufficient early, the two Tx chains could switch at the same time which should be before the start of the earlier transmission on the two bands (band C & D). There is one switch. On which switching periods of the two band pairs to be used, we tend to prefer to use longer switching period but maybe RAN4 should make the decision.  
If the scheduling of second switch arrives late and switch from Band B->D could not be completed on the time before T0, the second switch would be dropped as UE could not switch when transmission on another band is ongoing due to implementation consideration. Therefore, at least the above “otherwise as twice of TX switching” is not correct.
On the last sub-bullet of “unchanged” Tx chain, our understanding is this is for three bands switching like A+C->B+C, where UE may be capable of non-outage transmission on band C during switching from A->B as one Tx chain is fixed (or no-changed) on band C during the switching. This should not be extended to four bands switching as UE may have different mapping between Tx chains and bands. Therefore, we don’t think this should be discussed or agreed in RAN1 as Tx chain & band mapping is not visible in RAN1.   


	LGE
	· On T0 and Toffset: If this case can be regarded as one Tx switching, T0 should be one value. Otherwise, two different T0 assumed. For the one Tx switching, T0 as the staring time of the earlier UL transmission seems be a straightforward way. Toffset can be the maximum between two Toffset for each UL transmission. 
· On Tadd: We don’t see a strong need on it.
· Whether “partially overlapped in time domain” is necessary or not: We think it can be simple way to determine whether two UL transmissions triggers either One Tx switching or Two Tx switchings.
· Regarding how to handle UE with advanced capability agreed in RAN4: We share the same view with Vivo2. We prefer the one unified rule could be applied to both the UE with baseline assumption and the advanced capable UE. 

	Vivo3
	Thanks for further comments. Regarding QC’s comments: ‘If the scheduling of second switch arrives late and switch from Band B->D could not be completed on the time before T0, the second switch would be dropped as UE could not switch when transmission on another band is ongoing due to implementation consideration.’ 
My questions is: why does NW send such a late DCI? Basically, we think this is an error case if UE will drop the switch. BTW, we also don’t quite understand the meaning of ‘the second switch would be dropped’, does it mean that UE transmission on D will dropped as well as UE does not perform B->D switching, this seems to be sth like ‘UL skipping’. One the other hand, to avoid such issue, UE only uses the DCI before T0-Toffset to determine how to switch, any DCI that is later than this time point and change the TX switching state or impact the UL transmission should be precluded, this is also the basic rule since R16. 

	Vivo4
	Regrading the ‘otherwise’ part, my understanding is that ‘otherwise’ refer to non-overlapping case, it means: if the two UL transmission are not overlapped, then the two TX switching can be peformed separately if they don’t impact each other. what we are trying to specify is 1) the overlapping condition for one TX switching, for the non-overlapping case, 2) T0, which should be the start of the earlier transmission. if company think there is no specify non-overlapping case, we are ok to remove it (as this case will be covered by main bullet)

	Qualcomm2
	In response to vivo4&5, our understanding is as below:
· If the switching involves four bands (A+B -> C+D) and the transmission after switching is partial overlapped, the switching scheduling for transmission on band C & D should no later than T0 – max {Toffset, Toffset’}. T0 is the start of earlier transmission, Toffset is the corresponding processing time; Toffset’ is the processing time of the later transmission.
· Furthermore, if the switching scheduling for later transmission (on band D for above case) comes later than the above time T0 – max {Toffset, Toffset’} and the switching gap is expected to overlap with transmission on band C, this should be an error case from UE perspective as UE would not be able to switch when another transmission on other band is ongoing. 
If companies want to clarify, we propose to clarify below
· A UE is not expected to be configured or scheduled switching which would result the switching gap overlaps with another ongoing transmission on other band within the UL Tx switching band combination.
Beyond above case, if the two switches (band A->C and B-> D) are not overlapped, this should be two separate switches.  

	vivo
	Regarding Qualcommon’s suggestion, I think you mean that if 1TX switching is already performed (while the other TX is switched separately), it should not overlap with the ongoing UL transmission of the other TX before switching to avoid interrpution. avoiding such overlapping woud be a bit restrictive for advanace UE, maybe ‘avoid interruption with’ can be another way, but we are ok with either way. we also merged our previous comments to clarify T0, Apple’s comment to use T0,1- max {Toffset1, Toffset2}.
· When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· To determine the Toffset which is composed of N2 and Tswitch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2,  additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine Tswitch
· If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
· UE expects that the DCI scheduling the later transmission in the two UL transmissions after TX switching should be no later than T0,1- max {Toffset1, Toffset2}. T0,1 is the start of the earlier transmission in the two UL transmissions after TX switching, Toffset1 is the corresponding processing time of the earlier UL transmissions, Toffset2 is the corresponding processing time of the later UL transmission.
·  For UE having capability to use Tx chain for transmission even during the switching performed at another Tx chain, if the two Tx chains are triggred to switch between two different band pairs (e.g., band A + band C->band B + band D), when there is time domain overlapping between two bands Tx switching period, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
· A UE is not expected to be configured or scheduled switching which would result the switching gap of switching of one Tx overlaps with another ongoing transmission on other band within the UL Tx switching band combination.

	ZTE
	First of all, we echo what Qualcomm mentioned previously. In Rel-16/17, this issue is not captured in the sepc, the spec works well.
In general, we don’t think this discussion and agreement on whether one or two switches is a must. 

Regarding the last bullet in vivo’s updated proposal, we think it is too restrictive for the advanced UE introduced by RAN4, since the advanced UE can use one Tx to transmit during the switching period of another Tx switching period if the Tx is remained on one band.

	Qualcomm
	@ZTE, on the last bullet in vivo’s proposal, this is to clarify that the baseline UE is not capable to switch when transmission is ongoing on other band. The advanced UE as you mentioned is different, the agreement only say the advanced UE is capable of continuously transmission without outage during another Tx chain switching. 


	vivo
	@FL, we think the main bullet, first sub-bullet and 2nd sub-bullet are quite stable, it seems that most companies are ok with them.The sub-sub-bullet are some further details of timeline, maybe can discussed later. Could we have a quick check on if we can converge on the sub-bullets this meeting？
· When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· To determine the Toffset which is composed of N2 and Tswitch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2,  additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine Tswitch
· If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.

	Moderator (NTT DOCOMO)
	Based on the discussion in Friday offline session, this issue can be discussed in maintenance phase.





6. Other potential issues
6.1	Clarification for Rel-18 on the issue for PUCCH with HARQ-ACK
In contributions, following proposals were made regarding potential clarification for Rel-18 on the issue for PUCCH with HARQ-ACK.
	[9]
	In the last RAN1 meeting, the below proposal was brought to be discussed for Rel-18 Tx switching. Since the Tx switching in previous release also has the same issue and the Rel-17 CR [6] targeted for the issue was agreed, the proposed scheduling restriction also applies for Rel-18.
	UE is not expected to be scheduled to transmit PUCCH carrying the HARQ-ACK information for PDSCH scheduled by a PDCCH if uplink switching gap is triggered for the PUCCH and the first uplink symbol of the PUCCH starts earlier than the combined duration of switching gap and PDSCH processing timeline, from the last symbol of the PDCCH.



Proposal 4: The following solution to resolve UL Tx switching issues for PUCCH with HARQ-ACK also applies for Rel-18 Tx switching:
· UE is not expected to be scheduled to transmit PUCCH carrying the HARQ-ACK information for PDSCH scheduled by a PDCCH if uplink switching gap is triggered for the PUCCH and the first uplink symbol of the PUCCH starts earlier than the combined duration of switching gap and PDSCH processing timeline, from the last symbol of the PDCCH.

	[14]
	In RAN1#111, there has been discussion on Rel-16 maintenance issued for UL Tx switching gap for PUCCH with HARQ-ACK and following agreement has been made for the conclusion in Rel-16 and CR in Rel-17 [2]:

Conclusion:
if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling PDCCH and switching gap (Tswitch) is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling PDCCH to the first symbol of the PUCCH with HARQ-ACK corresponding to the PDSCH scheduled by this PDCCH is equal or longer than the combined duration of Tswitch and Tproc,1 

In our view, same issue will happen in Rel-18 as well, therefore, similar agreement can be made for Rel-18 UL Tx switching as well.
Proposal 5: For Rel-18 UL Tx switching, if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling PDCCH and switching gap (Tswitch) is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling PDCCH to the first symbol of the PUCCH with HARQ-ACK corresponding to the PDSCH scheduled by this PDCCH is equal or longer than the combined duration of Tswitch and Tproc,1 

	[16]
	Regarding the 2nd proposal (“Proposal from Apple”), following CR for the same issue was endorsed for Rel-17 at RAN1#111 meeting [4].
	· UE is not expected to be scheduled to transmit PUCCH carrying the HARQ-ACK information for PDSCH scheduled by a PDCCH if uplink switching gap is triggered for the PUCCH as defined in clause 6.1.6 and the first uplink symbol of the PUCCH starts earlier than the duration of { + } from the last symbol of the PDCCH, where   equals to the switching gap duration.



Therefore, it should be baseline for Rel-18 UL Tx switching specification as well. Since there is no need to change/update any part of above text for Rel-18 UL Tx switching across up to 4 bands, no explicit agreement seems necessary.



Based on above, it seems all three contributions argue that agreed conclusion/CR for Rel-16/17 at the RAN1#111 should be applied to Rel-18 as well. However, companies have different views on whether it needs explicit agreement for Rel-18 again or not.
The moderator would like ask companies’ feedback on the proposals.
Proposal 6-1: Closed
	Company
	Comment

	Samsung
	In our view the agreed CR for Rel-16 and Rel-17 applies to Rel-18 (3/4 bands). A separate agreement for Rel-18 would only be necessary if there is need to agree/conclude on functionally different behavior which is not the case.

	Apple
	Although our preference is to explicitly agree on the text from this CR for Rel-18 as well, but if companies have similar understanding that it is not necessary and it can be directly applied to Rel-18, then maybe a conclusion would be enough.

	vivo
	Ok to extend the conclusion to R18

	ZTE
	We think the Rel-17 CR will be automatically applied to Rel-18 as well. Thus, no specific discussion is needed.

	Nokia, NSB
	Same view as Samsung, ZTE.

	Qualcomm
	Ok to extend the Rel16/17 conclusion to Rel-18. 

	NTT DOCOMO
	Same view with companies that no discussion is necessary as it seems companies have same understanding that Rel-17 CR is applied to Rel-18 as well.

	OPPO
	OK to extend the Rel16/17 conclusion to Rel-18.

	LGE
	Same view as Samsung

	CMCC
	Same views that agreed conclusion/CR for Rel-16/17 can be applied to Rel-18 as well.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems all companies are fine and have assumed that R17 CR agreed at the last meeting applies to Rel-18.
Based on this situation, no agreement is necessary.




6.2	The coordination of the transmission path configuration
In the following contribution, the coordination of the transmission path configuration is discussed.
	[1]
	For UL Tx switching with “dualUL”, a UE needs to perform the RF configuration to the bands that are triggered with concurrent UL transmissions. In Rel-17 UL Tx switching, since there is only one concurrent transmission case, the band pair requiring RF configuration for concurrent transmission is fixed and can be predetermined based on RRC configurations. However, since there are multiple concurrent transmission cases in Rel-18 UL Tx switching, such RF configuration has to be dynamically performed because the exact band pair for concurrent transmissions can only be determined based on both scheduling DCIs. As a result, additional UE processing time is needed for the dynamic determination of the band pair for RF configuration. 
The additional processing time increases UE implementation burden, especially for UEs with UE processing capability #2 that requires a shorter preparation time. One solution to relax the processing time is to report larger switching period for UEs of capability #2 because the switching period has been a part of the effective UE preparation time. However, it also increases the switching period for UEs of capability #1 which is unnecessary, because the UE processing capability #1 has more time margin than capability #2 to accommodate this additional processing time. For example, to have sufficient preparation time for dualUL, a UE may only require 140us switching period for capability #1 but 210us switching period for capability #2. The UE has to report 210us switching periods for both capability #1 and capability #2, which costs UL throughput for capability #1. Therefore, it is beneficial to consider the separate switching periods reported for two UE processing capabilities.
Observation 4: In Rel-18 UL Tx switching with dual UL, additional UE processing time is needed for the dynamic determination of the band pair of concurrent transmission for RF configuration. The UE processing capability #2 has less margin than capability #1 to accommodate the additional UE processing time.
Proposal 5: In Rel-18 UL Tx switching, the switching periods should be reported for both UE processing capability #1 and #2, respectively.



It is proposed to report switching period separately for UE processing capability #1 and #2.
The moderator would like ask companies’ feedback on the proposal.
Proposal 6-2: Closed 
In Rel-18 UL Tx switching, the switching periods should be reported for both UE processing capability #1 and #2, respectively

	Company
	Comment

	Samsung
	We support FL proposal 6-2.

	Apple
	Support

	vivo
	Not support. Once UE decodes the two DCIs, it can derive the band pair for con-current transmission, and the DCI processing time is subject to the legacy per scheduled cell DCI processing capability. We don’t see additional UE processing time is needed for the determination of the target band pair.

	ZTE
	We think it is too premature to discuss the UE capability now.

	Nokia, NSB
	We do not support. The UE’s ability to retune the RF within a given time should not be a function of UE’s configured processing capability. A single capability agnostic to the configured processing capability suffices.

	Qualcomm
	We don’t see the necessity to report two different values. The processing capability is baseband capability, but the switching period is RF capability. Not sure why these two values are needed to be bundled. 

	NTT DOCOMO
	We don’t understand the necessity of longer switching period for UE processing capability #2. The switching period duration is the time required for switching, and it would not be related to the processing capability.

	LGE
	Not support and not see the need to report two different capabilities. Does this proposal say the additional preparation time is needed? 

	Xiaomi
	Share views that there is no necessity to define separate period for UE processing capability #1 and #2.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems that majority does not support this proposal.
So, the moderator suggests to drop this proposal for now.




6.3	Clarification on switching gap
In the following contribution, the clarification on switching gap is discussed.
	[4]
	For the 4 new conditions of Rel-18 UL Tx switching, the switching gap of Condition 2 and Condition 4 can be determined by RAN4 LS [3, 4]. 
· For Condition 1, if UE switches 2 Tx to the 1st band, then the switching gap determination is the same as Condition 2 below; if UE switches 1Tx to the 1st band, depending on the associated band configured to resolve the ambiguity issue, the switching gap determination is the same as Condition 4 below if associated band is the 4th band, the switching gap is same as the switching period of one band pair if associated band is the 2nd or 3rd band.
· For Condition 2, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods.
· For Condition 4, neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
· For Condition3: In case of 1P on band A + 1P on band B switching to 1P on band A + 1P on band C, how to determine the switching gap should be clarified.
	RAN1#111 Agreement
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· [Condition 1]When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· [Condition 2]When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· [Condition 3]When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· [Condition 4]When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band) 

	Excerpt from RAN4 LS[3]
Issue 3: Issue of two Tx chains switched between two different band pairs
When the two Tx chains are switched between two different band pairs with different lengths of switching periods, RAN4 reached the following agreements:
· As baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods.
· In addition to the baseline UE assumption, RAN4 has not concluded on whether advanced optional UE ability can be considered, with further discussions ongoing.

	Excerpt from RAN4 LS[4]
Issue 2: Ambiguity issue when two Tx chains are switched between two different band pairs
For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
· Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.

	RAN1#111 Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled



There is no ambiguous switching state issue for Condition 3, but the switching pattern for each Tx chain needs to be clarified. In case of 1P on band A + 1P on band B switching to 1P on band A + 1P on band C, based on the simplest implementation, one Tx on band A is unchanged and the other Tx is switched for band B to band C, the switching gap is determined by the switching period of band pair B&C, Tswitch_B-C. There is no need to derive the switching gap similar as Condition 4, e.g. by max {Tswitch_A-C, Tswitch_B-A, Tswitch_B-C}.
Proposal 1: Clarify that the switching gap for the following switching is the switching period for band pair {2nd band, 3rd band}
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st band, and 3rd band)



It is proposed to clarify that when the UE is to transmit 1 port + 1 port each on band A + B and if Tx chain state at the preceding uplink transmission is 1T + 1T each on A + C, the switching gap is the reported switching period for band pair {B, C}.
As informed in RAN4 LS regarding impact from switching of one Tx chain on the other Tx chain [21], it seems RAN4 has assumed that in case of switching from A+B to A+C, Tx chain for A is unchanged and Tx chain for B is switched to C. So, whether it is necessary for RAN1 to make the clarification is a bit unclear.
	Issue 1: Impact from switching of one Tx chain on the other Tx chain
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”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has agreed to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· RAN4 will further discuss and decide the granularity of the optional UE capability based on the following options:
· Option a: per band pair per BC
· Option b: per band per band pair per BC
· Other options are not precluded



The moderator would like ask companies’ feedback on the proposal.
Proposal 6-3: Closed

	Company
	Comment

	Samsung
	We think the RAN4 agreements are sufficient. 

	Vivo
	OK to have further clarification

	ZTE
	If all the companies are on the same page for this issue, then we are ok without any conclusion. 

	Nokia, NSB
	We think RAN4 agreements are sufficient.

	NTT DOCOMO
	We share same understanding with companies that RAN4 agreements clarified already.

	OPPO
	RAN4 agreements are sufficient

	Xiaomi
	Share view that RAN4 agreement is sufficient.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems all companies have same understanding based on RAN4 agreement and hence no clarification is necessary.




6.4	Ambiguity handling for dual UL
In the following contribution, the ambiguity handling for dual UL is discussed.
	[12]
	At RAN1#111, the following agreements were made.
	Agreement
Following working assumption is confirmed with updates.
Working Assumption
for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is 
· based on new RRC parameter

Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled



According to the agreement, for Case#1, when two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported, if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A. By the way, for the band pair (A, B), if dualUL is configured and concurrent UL transmission is not supported in the band pair, this agreement may be problematic. The following agreement clearly says that, for a band pair, the switching case with 1T-1T for the band pair where concurrent transmission is not supported is not assumed. 
	Agreement
For dual UL, if a UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed



Therefore, the agreement including Case#1 should be revised to resolve this issue. There are two simple solutions. One is to configure an associated band for the transmitting band (e.g. band B in above example) in the above Case#1. The other simple solution is both of two Tx chains are switched to band B exceptionally in the above Case#1. 

Proposal #3: Discuss whether/how to revise the following agreement made at RAN1#111 to resolve the problematic case of Case#1 if oneT is indicated to the band pair (highlighted in yellow) where concurrent UL transmission is not supported. 
	Agreement
Following working assumption is confirmed with updates.
Working Assumption
for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is 
· based on new RRC parameter






It is proposed to discuss on the case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B. The contribution provides two possible solutions as below.
· In above case, another Tx chain is switched to configured associated band for band B as in case#2 (which should not be band A anyway)
· In above case, another Tx chain is also switched to band B even though oneT is configured
The moderator would like ask companies’ feedback on the proposal.
Proposal 6-4: 
Down-select from following solutions for the issue in case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B.
· Alt.1: another Tx chain is switched to configured associated band for band B as in case#2
· Alt.2: another Tx chain is also switched to band B even though oneT is configured

	Company
	Comment

	Samsung
	We support FL proposal 6-4.

	Apple
	Our preference is Alt 2

	vivo
	We slightly prefer alt1 as it reuses the exsiting agreement.

	ZTE
	We don’t think there is any issue. 
If band A doesn’t support concurrent transmission for any band pair, then two Tx nee ds to be switched to band B per the following agreements.
Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled

If band A supports concurrent transmission for at least one band pair, then another Tx chain is switched to configured associated band for band B.



	Nokia, NSB
	We tend to agree with ZTE that moving both Tx to the same band can be assumed

	NTT DOCOMO
	We agree with ZTE/Nokia that previous agreements intend Alt.2.

	OPPO
	Support proposal and prefer to Alt.1 to align existing solution.

	LGE
	Support the proposal with either Alt as a solution. 
This issue will be observed when the band pair {A,B} is not support the concurrent TX, but other band pairs including band A can be supported.

	CMCC
	Similar view with ZTE that the issue can be solved based on the previous agreement

	xiaomi
	We agree with ZTE/Nokia/DCM that Alt.2 should be assumed.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Following are the companies’ views between alternatives.
Alt.1: vivo, OPPO
Alt.2: Apple, ZTE, Nokia/NSB, DCM, CMCC, Xiaomi
Based on above, the moderator’s proposal is Alt.2.
Updated proposal 6-4: 
In case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B, another Tx chain is also switched to band B even though oneT is configured.


	ZTE
	It seems most of companies agree with our previous understanding. But the updated proposal from FL seems not aligned with our previous understanding. To further clarify as following.
In case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B, 
· If band A doesn’t support concurrent transmission for any band pair, another Tx chain is also switched to band B even though oneT is configured.
· If band A supports concurrent transmission for at least one band pair, then another Tx chain is switched to configured associated band for band B.

We don’t think any new agreement is needed. The above is just for clarification.

	Apple
	Support FL’s updated proposal

	NTT DOCOMO
	We are fine to agree on clarification as ZTE described or no new agreement as it seems clear from the previous agreement.

	LGE
	Regarding ZTE’s latest comment, if this is the new proposal from ZTE not just clarification, it would be OK to put ZTE’s proposal on the discussion table. But, this is not the case (i.e., there is no need to make new agreement or modification on the previous agreement), it is not very clear to us what the correct UE behavior is.

That is to say:
In case that concurrent transmission on band pair A+B is not supported but oneT is indicated and the switching is performed from 2T on band A to 1 port transmission on band B, and if band A supports concurrent transmission for at least one band pair, which is the correct understanding?
  - (1) UE behavior follows the previous agreement, i.e., one Tx chain is switched to band B while another Tx chain remains on band A
  - (2) UE behavior is as ZTE’s clarification, one Tx chain is switched to band B while another Tx chain is switched to the associated band for band B
Obiously, above two behaviors cannot occur at the same time.




6.5	Ambiguity for A(1Tx) + B(1Tx) -> C(1Tx)
In the following contribution, the ambiguity for A(1Tx) + B(1Tx) -> C(1Tx) is discussed.
	[14]
	In RAN1#111, following agreement has been made related to the ambiguity case for A(1Tx) + B(1Tx) ->C(1Tx) [2]:

Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled

In RAN4#105, an agreement related to similar case has been made [3]:

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”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has agreed to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· RAN4 will further discuss and decide the granularity of the optional UE capability based on the following options:
· Option a: per band pair per BC
· Option b: per band per band pair per BC
· Other options are not precluded

In our understanding, these two agreements can be contradictory in certain scenarios. For example, according to RAN1 agreement, other band can also change, if associated band is configured by network, however according to RAN4 agreement, other band shall remain unchanged and additionally transmission can be scheduled on the unchanged band. In the switching case A(1Tx) + B(1Tx) -> C(1Tx), if band D is the associated band with band C, then both bands A and B need to switch. This contradicts the agreement in RAN1. Therefore, we need to deal with this contradiction case. One possibility could be to solve it based on UE capability. As a baseline or default capability, the RAN4 agreement can be applied, i.e. for this case, only one band switches, while the other band remain unchanged. The additionally, UE can indicate associated band capability. 

Observation 1: For the UL Tx switching case A(1Tx) + B(1Tx) -> C(1Tx), there seems to be contradictory agreement made between RAN1 and RAN4:
· According to RAN1 agreement, if associated band for band C is band D, then both band A and band B will need to switch.
· According to RAN4 agreement, only one of two bands A and B shall switch to C

Proposal 1: For the UL Tx switching case A(1Tx) + B(1Tx) -> C(1Tx), the baseline/default capability is that only one of the two bands need to switch
· Optional UE capability can be reported for associated band support

Furthermore, in case if UE supports only default capability, then switching gap duration can be used to determine which of the two bands will switch. For example, if A->C has longer switching gap compared to B->C, then it can be assumed that A switches to C and B remains unchanged. 

Proposal 2: For the switching case A(1Tx) + B (1Tx) -> C(1Tx), if UE doesn’t support associated band capability, then switching period should be used to determine which one of the two initial bands switch to band C,  for example, if switching gap for A -> C  is longer than the switching gap for  B-> C, then A switches to C and B remains unchanged



It is proposed to introduce optional UE capability regarding associated band support, because the proponent considers RAN1 agreement and RAN4 agreement are contradictory in certain scenario.
However, the moderator does not think these agreements are contradictory. RAN4 agreement is for the case like A+B -> A+C so that one of the Tx chains unchanged, while RAN1 agreement is for the case like A+B -> C and whether it will be A+B -> C+C, A+B -> A+C, A+B -> B+C or A+B -> C+D is up to configurations on oneT or twoT and associated band for band C. So, the RAN4 agreement can apply to the case of A+B -> C if oneT is configured and associated band for band C is configured as band A or band B. RAN4 agreement does not need to be applied to the case where twoT is configured or associated band for band C is configured as band D.
The moderator would like ask companies’ feedback on the proposal.
Proposal 6-5: Closed

	Company
	Comment

	Samsung
	We agree with the moderator interpretation of agreements and see no ambiguity.

	Apple
	For the case mentoned in RAN4 agreement, could moderator clarify, how exactly the switching case is different than what is agreed in RAN1?
In RAN1, we have 1Tx on first band and another Tx on second band in the initial state and then switching is triggered to switch 1Tx to third band. Then depending on associated bands, one or both of the initial bands need to be switched. For RAN4, the case is exactly same i.e. we have 1Tx on first band and another Tx on second band in the initial state and then switching is triggered to switch 1Tx on third band. However, it clearly says that only one band from initial band will change, while another band remains unchanged. So this is contracdictory for one of the cases when the associated band for the third band after switching is the fourth band. This results in changing both first and second bands and contradicting to RAN4. Therefore, the most straightforward way is to consider this as an additional capability and consider RAN4 agreement as baseline/default capability. 

	vivo
	Agree with FL that these agreements are not contradictory

	ZTE
	Agree with moderator’s analysis.

	Nokia, NSB
	Agree with moderator’s analysis.

	Qualcomm
	Agree with moderator’s analysis.

	NTT DOCOMO
	We think there is no contradiction as explained in moderator’s comment.

	OPPO
	Agree with moderator’s analysis.

	LGE
	Agree with moderator’s analysis

	CMCC
	Agree with moderator’s analysis

	xiaomi
	Agree with moderator’s analysis.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Majority shares the same understanding with moderator that there is no contradiction between RAN1 and RAN4 agreements.

	Apple
	We understand the views from the moderator and companies, but I would like to ask one clarification question:
As moderator mentions RAN1 agreement is for the case A+B -> C (when oneT is configured) and RAN4 agreement is for the case A+B->A+C and they are different cases, then our question is how the UE would be expected to differentiate between these 2 cases based on the triggering by gNB? In our view, if we UE cannot differentiate between these 2 cases when triggered by gNB, then the behavior is contradicting for the case when band C is associated with band D as it requires to change the other band as well.
However, if you can clarify on how UE can differentiate between these 2 cases when triggered by gNB, then we’ll be fine with the understanding

	NTT DOCOMO
	In our understanding, RAN1 agreement is about A+B -> 1port on C (where transmission on A after switching is not triggered) and according to the configurations of {oneT or twoT} and associated band for C, there are multiple sub-cases such as A+B -> A+C (if oneT is configured and associated band for C is A), A+B -> B+C (if oneT is configured and associated band for C is B), A+B -> C+D (if oneT is configured and associated band for C is D), and A+B -> C+C (if twoT is configured).
On the other hand, RAN4 agreement is about A+B -> A+C where transmission on A during switching of B -> C is triggered. As baseline capability, UE cannot perform transmission on A during switching of B -> C, while as advanced capability, UE can continue transmission on A during switching of B -> C.
So, UE can differentiate cases like below.
· If transmission on A continues even after the switching period, it is clearly A+B -> A+C where Tx chain on A is unchanged, i.e., RAN4 agreement is applied.
· Otherwise, based on RAN1 agreement, UE performs switching according to the configurations of {oneT or twoT} and associated band for C so that it can be A+B -> A+C, A+B -> B+C, A+B -> C+D or A+B -> C+C. 
· Even if it is A+B -> A+C according to the configurations, RAN4 agreement does not have impact if there is no transmission on “unchanged Tx chain on A” during switching period.
· If it is A+B -> A+C according to the configurations and if the transmission on A continues during the switching period, RAN4 agreement is applied.

	Apple2
	@NTT DOCOMO: Thanks for further clarification. On the case when advanced capability is supported and there can be a transmission on the unchanged band during switching period, it is clear that there will be no ambiguity. However, for the case with baseline capability according to RAN4 agreement, our point is that the gNB will simply trigger switch by indicating a band to be used after switching. However, as we understand, it will not explicitly indicate which one of the initial bands needs to be changed. For this purpose, we then follow RAN1 procedure of associated band. Now, since by applying this associated band procedure to determine which one of the initial band switches to the indicated band, there is possibility of case A+B -> C+D  and that is when it contradicts RAN4 agreement which says “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”) and the number of Tx chain on band C is unchanged due to the switching”

	Moderator (NTT DOCOMO)
	Based on the offline discussion with Apple, this discussion can be closed.




6.6	Timeline for UL Tx switching
In the following contribution, the ambiguity for A(1Tx) + B(1Tx) -> C(1Tx) is discussed.
	[17]
	It was discussed in previous meeting whether the current timeline requirements with respect to UL Tx switching is sufficient for UL Tx switching across 3 or 4 bands. 
RAN4 has agreed to adopt the following conservative approach [6]  when the indicated switching period capability differs among the band-pairs. Considering the RAN4 agreement on the baseline UE assumption, the current timeline accommodates the needed time to perform switching for any scenario.
	Issue 2: Ambiguity issue when two Tx chains are switched between two different band pairs
For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.



Therefore, we propose the following:
Proposal 3 [bookmark: _Toc127549747]Further restriction on timeline for UL Tx switching is not supported.



It is proposed that further restriction on timeline for UL Tx switching is not supported. Based on contributions, there seems no proposal to introduce further restriction on timeline, and hence no agreement would be necessary.
The moderator would like ask companies’ feedback on the proposal.
Proposal 6-6: Closed

	Company
	Comment

	Samsung
	Acceptable for us.

	Apple
	Fine

	ZTE
	same view as moderator.

	Nokia, NSB
	Agree with the moderator.

	Qualcomm
	Agree with moderator’s analysis.

	NTT DOCOMO
	Agree with moderator’s analysis.

	OPPO
	Agree with moderator’s analysis.

	LGE
	Agree with moderator’s analysis

	CMCC
	Agree with moderator’s analysis

	xiaomi
	Agree with moderator’s analysis.

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
It seems further discussion on this proposal is not necessary.






7. Conclusion
Following agreements were made
Agreement
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a summaximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}

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.



Appendix 1: Latest WID objective
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed

Appendix 2: RAN guidance at RAN#96
RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall work focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 timeframein Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Other Further check additional scenarios as below can be discussed in RAN4#104e and RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching

Appendix 3: RAN1 agreements/observations/conclusions
<RAN1#109-e>
Conclusion
EN-DC cases are out of scope for Rel-18 UL Tx switching

Conclusion
UL only cell cases are out of scope for Rel-18 UL Tx switching

RAN1 Observation
Four contributions (R1-2203136, R1-2204724, R1-2204909, R1-2205131) from three companies show their evaluation results on UL Tx switching across 3 or 4 bands at RAN1#109-e meeting.
· All evaluation results show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands, assuming TDD bands with different TDD UL/DL configurations are included in 4 bands.
· Evaluation results in R1-2203136 show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 3 bands.
· Evaluation results in R1-2204724 show that the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands depends on achievable switching period, and the longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands leads to reduction of the performance gain. Other evaluation results did not consider the impact of longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands. 
· Evaluation results in 5131 observe that the gain highly depends on the scheduling mechanism.
· The range of performance gains shown in four contributions varies depending on the simulation assumptions.

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

Agreement
Send LS to RAN4 to ask their feedback on the potential increase of switching period and complexity in the case of UL Tx switching across 3 or 4 bands
· In the LS, observations based on the evaluation results and alternative switching mechanisms discussed in RAN1 are captured for the information to RAN4
· In the LS, RAN1 also asks RAN4 feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands
· When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period
LS is endorsed in R1-2205502.

Conclusion
If Rel-18 UL Tx switching is supported, following assumption is applied for Rel-18 UL Tx switching across up to 3 or 4 bands
· Only when the two Tx chains are linked to one NR band, the 2-ports UL transmission on the NR band is possible

RAN1 Observation
Following proposals to address the concern on UE/gNB complexity increase or scheduling restriction due to UL Tx switching across larger number of bands compared with Rel-16/17 are identified in contributions submitted at RAN1#109-e, and companies are encouraged to investigate pros and cons of the proposals so that one or some of them may be down-selected after the down-selection of the mechanism for dynamic Tx carrier switching across the configured bands
· UE can report the supports of only some of concurrent UL cases (combinations of 2 bands for concurrent UL transmissions)
· Switching across 0/1/2 ports is supported only for 2 configured bands out of 3 or 4 configured bands and other bands support switching across 0/1 port only
· Only switching across 0/1 port is supported across all configured bands when 3 or 4 bands are configured
· Prioritization rules between uplink carriers are specified
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the UL Tx switching band combination is introduced
· After one RF state switch, the next RF state switch must occur after 14 symbols or later (FFS: which SCS is assumed for the symbol duration)
· Note: Other solutions are not precluded
· Note: each proposal assumes certain mechanism for dynamic Tx carrier switching across the configured bands, and hence some or all of the proposals may not be necessary depending on the down selection of the mechanism for dynamic Tx carrier switching across the configured bands

Conclusion
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2

RAN1 Observation
Following possible switching configurations can be considered, and RAN1 may discuss if any of the following switching configurations need to be supported after making some progress on the discussion on the switching mechanism
· For 3 bands case
· Switching configuration.3-1: all the 3 bands support up to 2Tx
· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx
· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx
· For 4 bands case
· Switching configuration.4-1: all the 4 bands support up to 2Tx
· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 
· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 
· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 
Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands.

<RAN1#110>
Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling
· Other options are not precluded

<RAN1#110bis-e>
Agreement
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction

Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction

Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions

Conclusion
No consensus in RAN1 on complexity reduction option 3

Agreement
· Consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Consider following alternatives for gNB configuration regarding dual UL
· Alt.1: configure {switchedUL, dualUL} in CellGroupConfig
· Alt.2: configure {switchedUL, dualUL} for each band pair (combination of serving cells?)
· Alt.3: at least configuration of supported band pair (combination of serving cells) for concurrent transmission 
· Alt.4: No configuration of supported band pair (combination of serving cells) for concurrent transmission, i.e., UE just assumes as it reports

Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18

Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported

Agreement
Confirm the following working assumption made at the RAN1#110 meeting.
Working Assumption
If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission

Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases

Agreement
Ask RAN2 to consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs

Agreement
Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission

Working assumption
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time

Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination

Agreement
LS on UE capability and gNB configuration for UL Tx switching across 3 or 4 bands in Rel-18 is endorsed. Final LS in R1-2210724.


<RAN1#111>
Agreement
For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed
· Conclusion: In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed
· Conclusion: In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

Agreement
For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

Agreement
For dual UL, if a UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed

Agreement
For dual UL, if UE supports concurrent transmission on all band pairs and supports up to 2 ports UL transmission on all the bands in the band combination, all possible switching cases with 1T-1T and 2T are assumed
· In case of 3 bands, 6 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}, {1T, 1T, 0T}, {1T, 0T, 1T}, {0T, 1T, 1T}) are assumed 
· In case of 4 bands, 10 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}, {1T,1T,0T,0T}, {1T,0T,1T,0T}, {1T,0T,0T,1T}, {0T,1T,1T,0T}, {0T,1T,0T,1T}, {0T,0T,1T,1T}) are assumed

Agreement
For dual UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, corresponding switching case(s) with 2T for the band where up to 2 ports transmission is not supported are assumed
· If the UE does not support concurrent transmission on specific band pair(s) in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed

Agreement
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)

Agreement
Following working assumption is confirmed with updates.
Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases

Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled

Agreement
There is no restriction on number of bands supporting up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands.
· It is up to UE capability to support 2 ports UL transmission on none/some/all of the 3 or 4 bands
· Note: UE with only 1 Tx chain is not expected to perform UL Tx switching (no spec impact)

Agreement
Confirm the following working assumption.
Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18

Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· If there are two consecutive intra-band carriers in one band, µUL, 1 = max(µUL, 1-1, µUL, 1-2), where µUL, 1-1 and µUL, 1-2 are SCSs of active UL bandwidth parts of the carriers in the band
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}
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