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Introduction
In RAN#94 e-meeting, new WID on Multi-carrier enhancements was officially approved. One of the objectives is to study the potential enhancement for multi-carrier UL operation, i.e. UL Tx switching across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs. The detailed objective is excerpted as below: [1].
	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
· 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


In RAN1#112 meeting, the work item for multi-carrier enhancement was successfully completed. In this contribution, we focus on the remaining issues and text proposals on UL Tx switching. 
Discussion
Minimum separation time determination
In RAN1#112 meeting, the following agreement was achieved. Basically, UE can report its capability on the minimum separation time between two adjacent uplink switching in two consecutive reference slots.
	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}



In MC UE feature session, UE behaviour was heatedly discussed for the case that UE doesn’t report FG49-Y. All in all, UE incapability should be avoided in any case. In the last version of TS38.306 CR, RAN2 captures the aforementioned UE capability as follows, for which the minimum separation time between two adjacent UL Tx switching is mandatorily reported: [2]
	uplinkTxSwitchingMinimumSeparationTime-r18
Indicates the minimum separation time for two uplink switching on more than 2 bands within any two consecutive reference slots as specified in TS 38.214 [12]. The field is mandatory when UE supports dynamic UL Tx switching across more than two bands.
	BC
	CY
	N/A
	FR1 only


Consequently, it is unnecessary to further discuss the consequence of a UE doesn’t report FG 49-Y. Therefore, RAN1 achieved the following agreement to finish the durable discussion on minimum separation time determination.

	Agreement
· Remove text in “Consequence if the feature is not supported by the UE” for FG49-Y.



In the latest RAN1 CR for UL Tx switching, the case wherein FG49-Y is not reported is captured, which is not aligned with the current situation of UE feature capability and will make UE incapability happen.
	TS38.214, Clause 6.1.6
< -----------omitted text------------------------- >
For uplink switching with 3 or 4 uplink bands
-	If two contiguous intra-band uplink carriers are configured to a UE, the UE may assume that the active UL BWPs of the two carriers are configured with the same subcarrier spacing.
-	The UE does not expect to perform more than one uplink switching in a reference slot with µUL, where the µUL corresponds to the maximum subcarrier spacing of the active UL BWPs of all the configured uplink carriers.
-	If 500 µs is determined by the UE capability [MinSwitchSeparation], within any two consecutive reference slots corresponding to numerology µUL, when the UE first performs one uplink switch and later performs another uplink switch and at least three bands are involved in the transmissions before the first switch, between the first switch and the second switch, and after the second switch, the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than 500 µs. If other than 500 µs is determined by the UE capability [MinSwitchSeparation], or the capability is not reported by the UE, no additional restrictions apply.
< -----------omitted text------------------------- >



Accordingly, we propose text proposal#1 to correct the UE behaviour on minimum separation time reporting.
Change reason: Current description is inconsistent with UE capability definition and leads to UE incapability.
Summary of change: Delete the inconsistent condition.
Consequence if not approved: Cause UE incapability issue.

Proposal 1: Text proposal#1 should be adopted to make UE behaviour consistent and reasonable.
	TS38.214, Clause 6.1.6
< -----------omitted text------------------------- >
For uplink switching with 3 or 4 uplink bands
-	If two contiguous intra-band uplink carriers are configured to a UE, the UE may assume that the active UL BWPs of the two carriers are configured with the same subcarrier spacing.
-	The UE does not expect to perform more than one uplink switching in a reference slot with µUL, where the µUL corresponds to the maximum subcarrier spacing of the active UL BWPs of all the configured uplink carriers.
-	If 500 µs is determined by the UE capability [MinSwitchSeparation], within any two consecutive reference slots corresponding to numerology µUL, when the UE first performs one uplink switch and later performs another uplink switch and at least three bands are involved in the transmissions before the first switch, between the first switch and the second switch, and after the second switch, the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than 500 µs. If other than 500 µs is determined by the UE capability [MinSwitchSeparation], or the capability is not reported by the UE, no additional restrictions apply.
< -----------omitted text------------------------- >



Ambiguity on switching period location
In order to resolve ambiguous issue on switching period location, following agreement was achieved in RAN1#112 meeting.
	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) tht is involved in the UL Tx switching and is not with the highest priority band.


In generic, the problem comes from the nature of the configuration for legacy switching period location that a BOOLEAN variable is employed for each carrier involved in UL Tx switching, i.e. the switching period always locates on a carrier configured with ‘TRUE’. However, the involved bands for UL Tx switching across more than 2 bands may only contain bands with either ‘FALSE’ or ‘TRUE’, which makes the location of switching period ambiguous. Following the spirit of the above agreement, some exemplary cases can be illustrated as below:


Figure 1: Exemplary cases of switching period location
Note that aforementioned cases assume band#1 has the highest priority, which aligns with the description captured in current TS38.331. 
· Case 1) denotes the case wherein UL Tx chains on band#1 and band#2 are switched to band#3+band#4. In this case, it is clear that the switching period should be located at band#3 and band#4 as one of the switch-from band, i.e. band#1, is configured with the highest priority.
· Case 2) denotes the case wherein UL Tx chains on band#1 and band#2 are switched to band#4, i.e. 1Tx+1Tx->2Tx. In this case, it is clear that the switching period should be located at band#4 as one of the switch-from band, i.e. band#1, is configured with the highest priority.
· Case 3) denotes the case wherein UL Tx chains on band#2 are switched to band#3+band#4, i.e. 2Tx->1Tx+1Tx. In this case, it is clear that the switching period should be located at band#3 and band#4 as the switch-from band, i.e. band#2, has the highest priority among the involved bands. However, it is confusing in the current CR which gives the impression that the highest priority is determined based on the band combination configured via band list instead of the actually involved bands. The confused text is highlighted in cyan colour. In order to avoid any misunderstanding, it should be spell out that the band with highest priority should be determined only among the involved bands when UL Tx switching happens.
	TS38.214, Clause 6.1.6
< -----------omitted text------------------------- >
For uplink switching with 3 or 4 uplink bands
-	The UE does not expect to perform more than one uplink switching in a reference slot with µUL, where the µUL corresponds to the maximum subcarrier spacing of the active UL BWPs of all the configured uplink carriers.
-	If two contiguous intra-band uplink carriers are configured to a UE, the UE may assume that the active UL BWPs of the two carriers are configured with the same subcarrier spacing.
-	If 500 µs is determined by the UE capability [MinSwitchSeparation], within any two consecutive reference slots corresponding to numerology µUL, when the UE first performs one uplink switch and later performs another uplink switch and at least three bands are involved in the transmissions before the first switch, between the first switch and the second switch, and after the second switch, the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than 500 µs.
[-	For an uplink switch the UE determines the band of the switching period location 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 [BandPriorityList]. The switch is located on either 
-	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.]
< -----------omitted text------------------------- >


· Case 4) denotes the case wherein UL Tx chains on band#1 and band#2 are switched to band#2 and band#3. In this case, it is not clear whether switching period should be located at band#2 as band#2 belongs to switch-from band and switch-to band.
· Case 5) denotes the case wherein UL Tx chains on band#1 and band#2 are switched to band#1 and band#3. In this case, it is even more ambiguous than case 4) as band#1, as known as the band with highest priority, belongs both switch-from band and switch-to band. 

With regard to the ambiguity on how to determine the band with high priority, it can be resolved by spell out the band with highest priority is selected among the bands involved in UL Tx switching, which is also aligned with the agreement quoted above. 

Accordingly, we propose text proposal#2 to clarify the procedure of determining the band with highest priority in order to correctly determine switching period location, and precisely reflect the spirits of RAN1 agreement. 
Change reason: The procedure of determining a band with highest priority is unclear.
Summary of change: Clarify the band with highest priority for determining switching period location is defined within the bands involved in UL Tx switching.
Consequence if not approved: UE cannot determine which carrier(s) the switching period locates when the band with highest priority is not involved in UL Tx switching. 

Proposal 2: Text proposal#2 is adopted to make the procedure of determining band with highest priority crystal clear.
	TS38.214, Clause 6.1.6
< -----------omitted text------------------------- >
For uplink switching with 3 or 4 uplink bands
-	The UE does not expect to perform more than one uplink switching in a reference slot with µUL, where the µUL corresponds to the maximum subcarrier spacing of the active UL BWPs of all the configured uplink carriers.
-	If two contiguous intra-band uplink carriers are configured to a UE, the UE may assume that the active UL BWPs of the two carriers are configured with the same subcarrier spacing.
-	If 500 µs is determined by the UE capability [MinSwitchSeparation], within any two consecutive reference slots corresponding to numerology µUL, when the UE first performs one uplink switch and later performs another uplink switch and at least three bands are involved in the transmissions before the first switch, between the first switch and the second switch, and after the second switch, the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than 500 µs.
[-	For an uplink switch the UE determines the band of the switching period location 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 [BandPriorityList]. The switch is located on either 
-	the switch-from band(s) if the highest priority band involved in the UL Tx switching is a switch-to band, or
-	the switch-to band(s) if the highest priority band involved in UL the Tx switching is a switch-from band.]
< -----------omitted text------------------------- >



With regard to the ambiguity issue related to case 4) and case 5), the key point is how to categorize a band when it belongs to switch-from band and switch-to band at the same time. Otherwise, it is still ambiguous on the switching period location even if it is clear that switching period should be located on either switch-from band(s) or switch-to band(s). There are several potential solutions to handle ambiguity issue on switching period location:
· Solution 1: The highest priority is determined among bands involved in UL Tx switching and the switching period is only located at band(s) among the involved bands in UL Tx switching, i.e. the switch-from band or switch-to band doesn’t include the band with highest priority if it is doesn’t involved in UL Tx switching. To be specific, if a band belongs to switch-from band and switch-to band, it is not counted in involved bands in UL Tx switching.
With solution 1, the aforementioned two issues can be both resolved with one shot. For case 4), switching period is located at band#3 only as it is the band with low priority and it is the band involved in UL Tx switching. As band#2 belongs to switch-from band and switch-to band, it is considered as non-involved band in UL Tx switching. For case 4), switching period is located at band#3 as it is the band with low priority and it is the band involved band in UL Tx switching. As band#1 belongs to switch-from band and switch-to band, it is not treated as involved band in UL Tx switching. Hence, the highest priority band is determined between band#2 and band#3. As band#2 is switch-from band and with highest priority, switching period is located at band#3. 
In particularly, solution 1 is consistent with the logic of RAN1 agreement and text proposal#2.
· [bookmark: OLE_LINK1]Solution 2: The highest priority is determined among bands involved in UL Tx switching and the switching period is only located at switch-from band(s) or switch-to band(s) among the involved bands in UL Tx switching, i.e. the switch-from band or switch-to band doesn’t include the band with highest priority if it is doesn’t involved in UL Tx switching. To be specific, a band belonging to switch-from band and switch-to band is also counted in involved bands in UL Tx switching.
With solution 2, the aforementioned two issues can also be resolved. For case 4), it is firstly determined that the switching period is located at switch-to band(s) as the highest priority band belongs to switch-from band. Secondly, it is determined that the switching period is located at band#3 as band#2 is belongs to not only switch-to band but also switch-from band. For case 5), the highest priority band is determined between band#2 and band#3. The reason is that band#1 belongs to switch-from band and switch-to band. Considering switching location is located at either switch-from band or switch-to band, band#1 should be first excluded when determine the highest priority band. As band#2 has higher priority than band#3 and it is the switch-from band, switching period is located at band#3.
Solution#2 can be reflected via text proposal#3 as below:
	TS38.214, Clause 6.1.6
< -----------omitted text------------------------- >
For uplink switching with 3 or 4 uplink bands
-	The UE does not expect to perform more than one uplink switching in a reference slot with µUL, where the µUL corresponds to the maximum subcarrier spacing of the active UL BWPs of all the configured uplink carriers.
-	If two contiguous intra-band uplink carriers are configured to a UE, the UE may assume that the active UL BWPs of the two carriers are configured with the same subcarrier spacing.
-	If 500 µs is determined by the UE capability [MinSwitchSeparation], within any two consecutive reference slots corresponding to numerology µUL, when the UE first performs one uplink switch and later performs another uplink switch and at least three bands are involved in the transmissions before the first switch, between the first switch and the second switch, and after the second switch, the separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is not expected to be less than 500 µs.
[-	For an uplink switch the UE determines the band of the switching period location 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 [BandPriorityList]. If a band belongs to both the switching switched-from band(s) and switch-to band(s), the band is ignored when determining switching period location. The switch is located on either 
-	the switch-from band(s) if the highest priority band involved in the UL Tx switching is a switch-to band, or
-	the switch-to band(s) if the highest priority band involved in the UL Tx switching is a switch-from band.]
< -----------omitted text------------------------- >



Proposal 3: Down select the following two solutions to resolve the ambiguity issue for switching period location and adopt the corresponding text proposal accordingly.
· Solution 1(text proposal#2 is sufficient): The highest priority is determined among bands involved in UL Tx switching and the switching period is only located at band(s) among the involved bands in UL Tx switching. If a band belongs to switch-from band and switch-to band, it is not counted in involved bands in UL Tx switching.
· Solution 2(text proposal#3 is needed): The highest priority is determined among bands involved in UL Tx switching and the switching period is only located at switch-from band(s) or switch-to band(s) among the involved bands in UL Tx switching, wherein a band belonging to switch-from band and switch-to band is also counted in involved bands in UL Tx switching.




Conclusion
In this contribution, we discuss remaining issues on Rel-18 multi-carrier UL Tx switching. Accordingly, we have the following proposal:

[bookmark: _GoBack]Proposal 1: Text proposal#1 should be adopted to make UE behaviour consistent and reasonable.

Proposal 2: Text proposal#2 is adopted to make the procedure of determining band with highest priority crystal clear.

Proposal 3: Down select the following two solutions to resolve the ambiguity issue for switching period location and adopt the corresponding text proposal accordingly.
· Solution 1(text proposal#2 is sufficient): The highest priority is determined among bands involved in UL Tx switching and the switching period is only located at band(s) among the involved bands in UL Tx switching. If a band belongs to switch-from band and switch-to band, it is not counted in involved bands in UL Tx switching.
· Solution 2(text proposal#3 is needed): The highest priority is determined among bands involved in UL Tx switching and the switching period is only located at switch-from band(s) or switch-to band(s) among the involved bands in UL Tx switching, wherein a band belonging to switch-from band and switch-to band is also counted in involved bands in UL Tx switching.
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