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Introduction
[bookmark: _Ref473802466][bookmark: _Ref462669569]In the RAN1#114bis meeting, Rel-18 UL Tx switching made good progress and agreement is as below, which includes recommended wording to TS 38.300, referring the length of swithcing period location to RAN4 spec, and completing the missing switching cases for switching period location determination.

	Agreement
For the specification (latest draft CR from the editor) of minimum separation time in TS38.214, remove the description “or the capability is not reported by the UE,”

Agreement
Send the RAN1 recommendation on the update of TS38.300 to RAN2/4 as below.
· In uplink CA or SUL, a UE configured with uplink Tx switching can have Tx chain(s) dynamically switched from one uplink carrier band or two uplink bands to another uplink carrier band or two uplink bands for enabling up to 2Tx UL transmission on that carrierin one uplink band or simultaneous UL transmissions in two uplink bands at a time.
LS is endorsed in R1-2310492.
Conclusion
When UE is configured with 3 or 4 bands for Rel-18 UL Tx switching, it is RAN1 understanding that the determination of switching period location is based on the band priority even for the switching involving only 2 bands.

Agreement
For the TS38.214, conditions for triggering switch and descriptions on determination of the length of switching period for different switching cases with dual uplink with more than two bands involved in one uplink TX switching,
· Alt.3: it is kept in both TS38.214 and TS38.101-1 (TS38.214 refers TS38.101-1 and vice versa)
· From RAN1 point of view, conditions for triggering switching is in TS38.214, and the length determination of switching period should be in TS38.101-1
· Send an LS to RAN4 to reflect the above in their specification. LS is endorsed in R1-2310584.
Agreement
Update the RAN1 agreement made at RAN1#112 meeting as below and send LS to RAN4/2 to inform the updated 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 among set of bands, where each band in the set satisfies the following condition: 
· (for switched UL) is contained in either switching-from band(s) or switching-to band(s) (not both) with actual transmission.
· (for dual UL) is contained in either switching-from band(s) or switching-to band(s) (not both) with or without actual transmission
LS to RAN4/RAN2 is endorsed in R1-2310679.




[bookmark: OLE_LINK2]In this paper, we present our views and preference on the leftover issues.
Switching period location on frequency domain
In RAN1 #114bis, below agreement has been approved to cover some missing switching cases. During the email & offline discussion, most companies agreed to capture this agreement into RAN1 spec as we believe RAN1 is the best WG to correctly interpretate this agreement. 

	Agreement
Update the RAN1 agreement made at RAN1#112 meeting as below and send LS to RAN4/2 to inform the updated 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 among set of bands, where each band in the set satisfies the following condition: 
· (for switched UL) is contained in either switching-from band(s) or switching-to band(s) (not both) with actual transmission.
· (for dual UL) is contained in either switching-from band(s) or switching-to band(s) (not both) with or without actual transmission
LS to RAN4/RAN2 is endorsed in R1-2310679.




Somehow, one company mentioned this should be ONLY captured in RAN4 as Rel-16/17. The switching period location has been defined in Rel-16 to inform UE the band to create the switching gap when UE is scheduled with back-to-back transmission before and after the switch. Network configures the location of switching period with the RRC parameter “uplinkTxSwitchingPeriodLocation”, RAN4 spec defines the corresponding timeline. Rel-18 specifies 3 or 4 band switching and RAN4 asked RAN1 to discuss and define the solution. Based on the above reason, we believe RAN1 spec should be the best place to capture the agreement.
	 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.



The approved CR [2] captured this as below. 
	[-	For an uplink switch the UE determines the band of the switching period location, if any, as defined in [8, TS 38.101-1]. based on the configured priority of the bands, where the priority per band is provided by the higher layer parameter uplinkTxSwitchingBandList. The switch is located on either 
-	for the UE configured with uplinkTxSwitchingOption set to 'switchedUL'
-    the switch-from band(s) if the highest priority band among bands with transmission prior to or after the switch is a switch-to band, or
-    the switch-to band(s) if the highest priority band among bands with transmission prior to or after the switch is a switch-from band,
-    for the UE configured with uplinkTxSwitchingOption set to 'dualUL', among the bands either in switch-from or switch-to bands,
-	the switch-from band(s) if the highest priority band is a switch-to band, or
-	the switch-to band(s) if the highest priority band is a switch-from band.]




Proposal 1: 
Capture the RAN1 agreement on “switching period location” into TS 38.214 and remove the square bracket in the CR [2].

Unaffected band
In [2] RAN4 informs RAN1 the updated agreements on “unaffected band” as below. 
	Three-band switching case
Note: The conclusion in this issue is to changing the agreement for ‘The unaffected band case’ included in R4-2310495, LS to RAN2 in RAN4#107. The changed part is to revise the [on-unaffected-band-involved] definition so that a new value from the set {35 us, 140 us, 210 us} would be reported instead of a fixed relaxed value. 
When the bands scheduled for uplink transmission before Tx switching is band A and band C, and the bands scheduled for uplink transmission after Tx switching is band B and band C. 
An optional capability [TBD ULTxSAdditionalPeriod-on-unaffected-band-involved] is agreed to independently report switching period for the case that the unaffected band is involved in the switching process. 
· The granularity is per band C for each pair of bands (A, B), including the switch-from band and the switch-to band, in each band combination. i.e. the same as uplinkTxSwitchingMaintainedUL-Trans-r18.
· The UE is not required to transmit on any of the three bands during the switching period.
· Candidate values are {35u, 140us, 210us}, no other values to be added.
· This capability cannot be reported simultaneously with the uplinkTxSwitchingMaintainUL-Trans-r18, since unaffected band will not be able to maintain transmission while involved in the switching



The LS mentioned two UE capabilities “ULTxSAdditionalPeriod-on-unaffected-band-involved” and “uplinkTxSwitchingMaintainUL-Trans-r18”. To further clarify the whole agreement, we cite the agreed CR [4] below.
	The two band pairs supporting dualUL are denoted as band pairs of {band X and band Z} and {band Y and band Z}. When one transmitter is switched between band X and band Y,
–	if the UE indicates the band Z as non-affected band with [“1”] in the capability [uplinkTxSwitchingMaintainedUL-Trans-r18] for band pair [X, Y], UE shall be capable of uplink transmission on band Z during the switching period that is located on band X, and UE is not required to transmit on band X and Y during time period T1 located on band X, where T1 is the length of switching period for the band pair of band X and band Y, as shown in Figure 6.3A.3.3.6-3;
–	if the UE does not indicate [“1”] in the capability [uplinkTxSwitchingMaintainedUL-Trans-r18], UE is not required to transmit on any of the three bands during the switching period during time period T1 located on band X, where T1 is the length of switching period for the band pair of band X and band Y, as shown in Figure 6.3A.3.3.6-4;
–	if the UE does not indicate [“1”] in the capability [uplinkTxSwitchingMaintainedUL-Trans-r18] and if UE additionally reports the capability  [TBD ULTxSAdditionalPeriod-on-unaffected-band-invovled] as optional UE behaviour, UE is not required to transmit on any of the three bands during the switching period indicated by UE capability [TBD ULTxSAdditionalPeriod-on-unaffected-band-invovled] located on band X, as shown in Figure 6.3A.3.3.6-4.




The above agreement could be summarized as below 3 states when UE switches from band X + Z to Y + Z.
1. If UE reports “Maintained UL”, UE can transmit on Z during the switching between band X and Y. 
2. If UE does NOT report “Maintained UL”, UE is not required to transmit on Z during switching between X and Y. Baseline and the gap on Z is the length (and location) of the switching period X-Y. 
3. If UE needs longer gap on Z than switching period between X-Y with the condition that band Z is scheduled to transmit across the UL switching gap between X-Y. “The additional period on unaffected band”.

RAN1 CR has one paragraph based on former RAN4 agreement. It would be necessary to update the capability IE filed “UplinkTxSwitchingAdditionalPeriodDualUL” to “uplinkTxSwitchingMaintainedUL-Trans-r18” based on the above new agreement. For the rest two states (#2 and #3), transmission on band Z (1st band in RAN1 CR) would be outage with either Tswitch_x_y or a larger value. Based on another RAN1 agreement in RAN1#114bis, RAN1 would only refer RAN4 spec (TS38.101-1) for the length of switching period.
	-	When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band and the 2nd band, and if the preceding uplink transmission was a 1-port transmission on a carrier on the 1st band and/or the 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 1st and 3rd band, if UE indicates UplinkTxSwitchingAdditionalPeriodDualUL for the 1st band for band pair{the 2nd band, the 3rd band} then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers on the 2nd band and the 3rd band, otherwise then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers , where NTx1-Tx2 is the switching gap defined in [8, TS3 8.101-1].




Proposal 2: 
Update the capability IE filed “UplinkTxSwitchingAdditionalPeriodDualUL” to “uplinkTxSwitchingMaintainedUL-Trans-r18” .
Timeline of single switch

In RAN1 #112, timeline issue was discussed but without conclusion. We share our views on how to determine the overlapped transmission is one or two switches.

To illustrate the issue, we assume the band A and B transmit before switch and band C and D transmit after switch(es), and start of transmission on band C is no later than D. We use Figure 1 for illustration. When the scheduled transmission is back-to-back UE needs to create a gap for switching period by dropping the transmission on the network configured bands. Here we assume the switch-from band group is configured with switching period location on frequency domain.
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Figure 1 Illustration of overlap transmission after switch. 
Case A) starts of transmission on band C and D are same; Case B) transmission on band C starts earlier.

As only one port is scheduled on C and D, the associated band of band C (first transmission after switch) is a key factor to determine the following switch. We would list below four possibilities for analysis.
· Alt. 1: Network configures oneT via uplinkTxSwitching-DualUL-TxState, band C’s associated band is band A. After switch, 1Tx is on band C and another Tx is on band A.
· Alt. 2: Network configures oneT via uplinkTxSwitching-DualUL-TxState, band C’s associated band is band B. After switch, 1Tx is on band C and another Tx is on band B.
· Alt. 3: Network configures twoT via uplinkTxSwitching-DualUL-TxState, both Tx chains are switched to band C.
· Alt. 4: Network configures oneT via uplinkTxSwitching-DualUL-TxState, band C’s associated band is band D. After switch, 1Tx is on band C and another Tx is on band D.

Alt. 1 Network configures oneT via uplinkTxSwitching-DualUL-TxState, band C’s associated band is band A. After switch, 1Tx is on band C and another Tx is on band A.

As the band C’s associated band is band A, the Tx would be on band A and C after switch. UE needs to switch the Tx chain from band A to D for the second transmission. 

For Case A) the start of transmission on band C and D are same, UE could jointly create the switching gap before the start of the transmission (T0 in the figure). The switching gap is defined and maintained by RAN4. 

For Case B) the start of transmission on band C is earlier than band D, the switch to band D may lead to outage on band C transmission. If the band C is “unimpacted” during switching between band A and D, the switching on band D would not cause the outage on band C and the switching period on band D could be anywhere. For the “baseline” UE, the switching on band D would lead the outage on band C if the switching gap overlapped with band C transmission. To avoid the outage, we propose following rules for transmission/switching on band D for one switch: 
· The switch to band D is completed before T0, which is the start of transmission on band C.
· The start of transmission on band D should not be too late compared with T0. UE looks ahead the UL grants of band D transmission, and the look-ahead window is [X slot]. i.e. X = 1 reference slot.
· The UL grant of band D arrives before T0 – Toffset, Toffset is the PUSCH preparation time based on Tswitch defined by RAN4 for switching from band group A+B to band group C+D. 

Alt. 2: Network configures oneT via uplinkTxSwitching-DualUL-TxState, band C’s associated band is band B. After switch, 1Tx is on band C and another Tx is on band B.

For Case A), this alternative is exactly same as Alt. 1.
For Case B), this alternative is similar as Alt. 1 and the only difference is on the switching period as the 2nd Tx chain is from band B to D.

Alt. 3: Network configures twoT via uplinkTxSwitching-DualUL-TxState, both Tx chains are switched to band C.

For Case A), this alternative is exactly same as Alt. 1
As the two Tx chains are on band C, the difference with above proposal is the switching period.

Alt. 4: Network configures oneT via uplinkTxSwitching-DualUL-TxState, band C’s associated band is band D. After switch, 1Tx is on band C and another Tx is on band D.

As the band C’s associated band is band D, the Tx chain is already on band D after the switch at T0. For both Case A) and B), UE is with one switch and the switching gap is defined in RAN4.

Based on analysis above, we have following proposal for one switch.

Proposal 3: 
[bookmark: OLE_LINK1]When the switch-to bands are two and different with the switch-from band(s) (i.e. band A+B -> C+D), after switch start of band C transmission is no later than band D, 1 Tx chain switches to band C and another Tx chain is on one of {band A, B, or C} according configuration uplinkTxSwitching-DualUL-TxState. Once the following condition is met, UE is with one switch. 
· If the two bands after switch start transmission at the same time, UE creates the switching gap before the start of the transmission for the two switches. The UL grants on both bands should be no later than T0-Toffset where Toffset is derived from the RAN4 defined switching gap.
· If start of band C transmission is earlier than band D, 1 Tx chain switches to band C and another Tx chain is on one of {band A, B, or C}, the “baseline” UE is with one switch if following condition is met.
· The switch to band D is completed before T0, which is the start of transmission on band C.
· UE looks ahead the UL grants of band D transmission, the start of transmission on band D should be within a look ahead window from T0. The look-ahead window is [X slot]. i.e. X = 1 reference slot.
· The UL grant of band D arrives before T0 – Toffset, Toffset is the PUSCH preparation time based on Tswitch defined by RAN4 for switching from band group A+B to band group C+D. 

Figure 2 is illustration of two switches. The Tx chains are on band A and B, and the band C transmission is ahead of band D. Similar as above analysis for single switch, the most important issue is the 2nd Tx chain status after one Tx chain switches to band C. If the band C’s associated band is band D, the 2nd Tx chain would switch to band D when the 1st Tx chain switches to band C, there is no more switch needed before band D transmission. Otherwise, UE needs to switch the 2nd Tx chain before T2 by following current timeline of UL grants.
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Figure 2 Illustration of non-overlapped two transmission after switch.
Conclusions
In this paper, we have provided our views on Rel-18 UL Tx switching leftover issues and made the following proposals.
Proposal 1: 
The switch-from or switch-to group with lowest priority band of the bands involved in the switch should be configured with the switching period.
Proposal 2: 
If the higher priority band transmits before and after switch., 
· if band A is “unimpacted” during switching from band B to band C, and the switching gap is smaller than the required switching period, the lower priority band (band C) should take the switching period and dropped;
· for the “baseline UE”, network should guarantee sufficient switch gap if the highest priority band transmits before and after switch.
Proposal 3: 
If one of the bands is configured with two contiguous carriers, both carriers should be configured with same priority. 
Proposal 4: 
When the switch-to bands are two and different with the switch-from band(s) (i.e. band A+B -> C+D), after switch start of band C transmission is no later than band D, 1 Tx chain switches to band C and another Tx chain is on one of {band A, B, or C} according configuration uplinkTxSwitching-DualUL-TxState. Once the following condition is met, UE is with one switch. 
· If the two bands after switch start transmission at the same time, UE creates the switching gap before the start of the transmission for the two switches. The UL grants on both bands should be no later than T0-Toffset where Toffset is derived from the RAN4 defined switching gap.
· If start of band C transmission is earlier than band D, 1 Tx chain switches to band C and another Tx chain is on one of {band A, B, or C}, the “baseline” UE is with one switch if following condition is met.
· The switch to band D is completed before T0, which is the start of transmission on band C.
· UE looks ahead the UL grants of band D transmission, the start of transmission on band D should be within a look ahead window from T0. The look-ahead window is [X slot]. i.e. X = 1 reference slot.
· The UL grant of band D arrives before T0 – Toffset, Toffset is the PUSCH preparation time based on Tswitch defined by RAN4 for switching from band group A+B to band group C+D. 
Proposal 5
Add the following new network and UE behaviours into the RAN1 spec to further guidance two SULs within one band combination.
· The scenario {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} is supported in Rel-18 UL Tx switching framework with following restrictions.
· For the band pair between {NUL and NUL}, “switched UL” or “dual UL” can be reported/configured.
· For any other band pair including SUL (between {SUL and another SUL}, between {SUL and corresponding NUL}, and between {SUL and non-corresponding NUL}), only “switched UL” can be reported/configured in Rel-18.
· The same restrictions are applied to the scenarios {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s).
· For band pairs between {SUL and non-corresponding NUL} in this scenario, only “switched UL” can be reported/configured in Rel-18
Proposal 6 
On the switching period involves more than 2 bands, TS38.214 only refers to the switching period and leave the details in RAN4.
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