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1. Introduction
	The work item on supporting Multi-carrier enhancements for NR was approved in RAN 94 meeting [1] and the scope was revised in RAN 97 meeting [2]. The objects of WI on Multi-carrier UL Tx switching are listed as in the followings
	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.


In this document, the remaining issues of UL Tx switching across up to 3 or 4 bands are discussed, including dealing with the deactivation cell, switching period location, additional switching case and one Tx switching issue. Some text proposals are also provided.


2. Discussion 
2.1 Issue on deactivation cell on one band that configured with UL Tx switching 
When UE is configured 3/4 bands uplink  Tx switching, if one uplink SCell configured with UL Tx switching is deactivated, it will have impact on reference slot determination and Associated Band configuration. In the following section, how to treat deactivation cell is discussed.
For supporting new feature of 3/4 bands UL TX switching, the procedure of determining reference slot in case of 3 bands and in case of 4 bands was introduced. And the Associated Band parameter can be configured for one band to solve the ambiguous switching state where the band has capability of supporting dualUL. The current text proposal in [3] is copied as follows.

	***********Text proposal of determining reference slot ****************** 
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.



	***********Text proposal of  Associated Band ******************
If the UE is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', when the UE is under the operation state in which 1-port transmission can be supported on one carrier on the 1st band and the 2nd band followed by no transmission on any carrier on these two bands and 1-port transmission on the other carrier on the 3rd band the UE shall consider this as if 1-port transmission was transmitted on the 3rd band and the band associated with the 3rd band as configured by [AssociatedBand], otherwise the UE shall consider this as if 2-port transmission took place on the transmitting carrier.



If a carrier on one band is included in the parameter of UplinkTxSwitchingBandPairConfig, the carrier/serving cell may be involved in UL Tx switching procedure according to dynamic scheduling or configured grant. The serving cell may be indicated to enter the deactivation state by MAC-CE command, and UE will not transmit any channel or signaling on the carrier before activation command is received.
When a serving cell on one band is deactivated, there are two possible options for UL Tx switching operation:
· Option-1: Decreasing the number of bands for UL Tx switching configured by RRC 
For this option, UE regards the deactivated Scell as not configured. When determining reference slot, UE does not consider the SCS of deactivation Scell. For example, when UE is configured with 4 uplink bands to perform UL Tx switching, and all the SCell(s) on a band are deactivated, UE will regard that only 3 uplink bands are configured to perform UL Tx switching. This option can match the Tx switching procedure to actual uplink scheduling. But the associated band configured in UplinkTxSwitchingAssociatedBandDualUL also becomes invalid if all the Scell(s) on associated band are deactivated.  And it will cause the issue of invalid associated band which increases the complexity of spec. So the option-1 is not preferred.
· Option-2: Keeping the number of bands unchanged for UL Tx switching configured by RRC
For reference slot determining, the SCS of deactivation Scell can be provided by firstActiveUplinkBWP-ID. For associated band, it requires to clarify that the associated band is still valid even if all Scells on the associated band are deactivated. The option-2 is simpler and is preferred.

As discussed above, the following change text proposal is suggested:
Reason for change-1:
When UE is configured with 3/4 bands uplink  Tx switching, if one uplink SCell configured with UL Tx switching is deactivated, UE does not know which SCS can be used to determine the references slot. It is suggested that the SCS of deactivation cell can be provided by firstActiveUplinkBWP-ID of the SCell
Summary of change-1:
Add a sentence “If one serving cell of uplink carrier is deactivated, the SCS can be provided by firstActiveUplinkBWP-ID of the SCell” in current text proposal. . 
Consequences if not approved:
If one uplink SCell configured with UL Tx switching is deactivated, UE does not know which SCS can be used to determine the references slot.
Proposal 1: For the reference slot determination, if one uplink SCell configured with UL Tx switching is deactivated, the SCS of deactivation cell can be provided by firstActiveUplinkBWP-ID for the SCell.
The corresponding TP-1 for Proposal 1 is as follows:
	***********Text proposal of determining reference slot ****************** 
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 one serving cell of uplink carrier is deactivated, the SCS can be provided by firstActiveUplinkBWP-ID of the SCell.



Reason for change-2:
If a band is configured by [AssociatedBand], and if all uplink SCells on the band are deactivated, to avoid unclear operation on UL Tx switching, it requires to clarify that the [AssociatedBand] is still valid even if all Scell(s) on the band are deactivated
Summary of change-2:
Add a sentence “Associated band is still valid even if all the cell(s) on the band are deactivated” in current text proposal.
Consequences if not approved:
If a band is configured in parameter of [AssociatedBand], and if all uplink SCells on the band  are deactivated, UE behaviors of UL TX switching is unclear.
Proposal 2: The [AssociatedBand] configuration is still valid even if all Scell(s) on the band of [AssociatedBand] are deactivated.
The corresponding TP-2 for Proposal 2 is as follows:
	***********Text proposal of  Associated Band ******************
If the UE is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', when the UE is under the operation state in which 1-port transmission can be supported on one carrier on the 1st band and the 2nd band followed by no transmission on any carrier on these two bands and 1-port transmission on the other carrier on the 3rd band the UE shall consider this as if 1-port transmission was transmitted on the 3rd band and the band associated with the 3rd band as configured by [AssociatedBand], otherwise the UE shall consider this as if 2-port transmission took place on the transmitting carrier. Associated band is still valid even if all the Scell(s) on the band of  [AssociatedBand] are deactivated




2.2 switching period location
To resolve switching period location issue, the following text proposal was given in [3]
	[-	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.]


It is assumed that four bands are configured for UL Tx switching and the priorities is band A>band B>band C>band D, which the highest priority band is band A and the lowest priority band is band D. According to the current text proposal, the following two scenarios are not considered and it may cause that the UE doesn’t know switching period location.
Scenario -1: the highest priority band A is not on neither switch-from band nor switch-to band.
One example of three bands involved Tx switching can be switching case B+CD, the switching-from band are B and C, the switching-to band is D. Another example of two bands involved Tx switching can be switching case CD, the switching-from band is C, the switching-to band is D. In the two examples, the highest priority band A is on neither switch-from band nor switch-to band, and the UE can’t determine the switching period location.
Scenario -2: the highest priority band A is on both of switch-from band and switch-to band.
One example of three bands involved Tx switching can be switching case A+CA+B, the switching-from bands are band A and band C, the switching-to bands are band A and band B. Another example of two bands involved Tx switching can be switching case A+ CA, the switching-from bands are band A and band C, the switching-to band is A, In the two examples, the highest priority band A is on both switch-from band and switch-to band and the UE can’t determine the switching period location.
As discussed above, the following change text proposal is suggested
Reason for change-3:
In current text proposal of determination switching period location, the following scenarios are not considered
- Scenario -1: the highest priority band is on neither switch-from band nor switch-to band.
- Scenario -2: the highest priority band is on both of switch-from band and switch-to band 
To make specification is complete, the two scenarios shall be considered in text proposal.
Summary of change-3:
Clarify that the highest priority band refers to the highest priority band among the bands involved in the UL Tx switching. And if the highest priority band involved in the switching is on both of the switching switched-from band(s) and switch-to band(s), the switching period is located on the switching-from band or switching-to band that is not with the 2nd highest priority band.
Consequences if not approved:
The specification of switching period located procedure is not complete.

Proposal 3: The following two scenarios should be considered in the spec to determine switching period location 
· Scenario -1: the highest priority band is on neither switch-from band nor switch-to band.
· Scenario -2: the highest priority band is on both of switch-from band and switch-to band.

The corresponding TP-3 for Proposal 3 is as follows
	[-	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 the highest priority band involved in the switching is on either of the switch-from band(s) or switch-to band(s), 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.]
If the highest priority band involved in the switching is on both of the switched-from band(s) and switch-to band(s), the switch is located on either 
-   the switch-from band(s) if the 2nd highest priority band involved in the switching is a switch-to band, or
-   the switch-to band(s) if the 2nd highest priority band involved in the switching is a switch-from band.



2.4 Additional switching case for 3/4 bands configuration 
The uplink Tx switching case that is from 1-port on 2nd band and 1-port on 3rd band to 2-port on 1st band   was captured in [3], the text proposal is copied as following 
	6.1.6.2.2	Uplink switching with 3 or 4 uplink bands
…
-	When the UE is to transmit a 2-port transmission on one uplink carrier on the 1st band and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band} and for the band pair {1st band, 3rd band}.


When UE is scheduled to transmit a 2-port transmission on the 1st band, the all 2 Tx will be switched to 1st band. Besides the 2T x are used by 2-port transmission, the 1-port transmission can also use 2Tx, which is a new switching case. 
As discussed above, the following change text proposal is suggested
Reason for change-4:
When UE is configured 3/4 bands uplink Tx switching, the following new switching case is not considered in current text proposal
· When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band by using 2 Tx and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band
The above new switching case shall be captured in specification.
Summary of change-4:
[bookmark: _GoBack]Adding the new switch case of  
· When the UE is to 1-port transmission on one uplink carrier on the 1st band and the UE is under the operation state in which 2-port transmission can be supported and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band
in current text proposal.
Consequences if not approved:
The specification of switching case is not complete.

Proposal 4:  One switching case is added for 3/4 bands configuration, the modification of text proposal as following: 
	6.1.6.2.2	Uplink switching with 3 or 4 uplink bands
…
When the UE is to transmit a 2-port or 1-port transmission on one uplink carrier on the 1st band and the UE is under the operation state in which 2-port transmission can be supported and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band} and for the band pair {1st band, 3rd band}.	Comment by CATT: 为什么需要加这一句？现在这一句也没办法限定是在2 port operation state的情况下进行1-port 传输



 
2.3 Issue on one uplink carrier Tx switching
When the UE is configured 3/4 bands to perform uplink carrier Tx switching, and if UE is to transmit a 1-port transmission on both of the 1st band and the 2nd band, whether UE performs  once Tx switching or twice Tx switching should be discussed.
Generally, if there is time-domain overlapping between transmissions on the two carriers on 1st band and the 2nd band, the UE perform once UL Tx switching and both the TX switching for 1st band transmission and 2nd band transmission are performed simultaneously.
Proposal 5：If two UL transmissions after TX switching are overlapping in time domain, the UE should perform once TX switching for both of UL transmission.
Another case is that there is no time-domain overlapping but the gap is less than NTx1-Tx2 between the two uplink transmissions on 1st band and 2nd band. In this case, if UE perform once Tx switching, there will be at most one interruption of uplink transmission, but if UE perform it as two Tx switching, the additional interruption of uplink transmission may be caused, which is show as following figure. .


Figure 1 Scenario of gap between two carriers on different bands is less than NTx1-Tx2
Proposal 6：If the gap is less than NTx1-Tx2 between the transmissions on two carriers on 1st band and 2nd band, one Tx switching is preferred.
To let UE have enough time to prepare Tx switching procedure, the timeline of DCI(s) scheduling for uplink transmission on two carriers shall be restricted. According to legacy operation of Tx switching, for each uplink transmission, the timeline of DCI shall be satisfied as followings
· T02 is start time of uplink transmission on carrier-2, Tofset02 is the UE processing procedure time defined for the uplink transmission triggering the switch on carrie-2. And the DCI for scheduling transmission on carrier-2 shall be earlier than T02-Toffset02
· T01 is start time of uplink transmission on carrier-1, Tofset01 is the UE processing procedure time defined for the uplink transmission triggering the switch on carrie-1. And the DCI for scheduling transmission on carrier-1 shall be earlier than T01-Toffset01


Figure 2 DCI(s) timeline requirement for one Tx switching 
For UE performing one Tx switching, DCI(s) scheduling for uplink transmissions on carrier-1 and carrier-2  shall be no later than the earlier time between  T01-Toffset01 and T02-Toffset02.
Proposal 7：For UE performing one Tx switching, the DCI(s) scheduling for uplink transmissions on carrier-1 and carrier-2 shall be no later than the earlier time between T01-Toffset01 and T02-Toffset02..
· T02 is start time of uplink transmission on carrier-2, Tofset02 is the UE processing procedure time defined for the uplink transmission triggering the switch on carrie-2. 
· T01 is start time of uplink transmission on carrier-1, Tofset01 is the UE processing procedure time defined for the uplink transmission triggering the switch on carrie-1.
3. Conclusion 
In this document, the remain issue of UL Tx switching issues across up to 3 or 4 bands are discussed, including dealing with the deactivation cell, switching period location, additional switching case and one Tx switching issue.. The proposals and modification of text proposal are given as following
Reason for change-1:
When UE is configured with 3/4 bands uplink  Tx switching, if one uplink SCell configured with UL Tx switching is deactivated, UE does not know which SCS can be used to determine the references slot. It is suggested that the SCS of deactivation cell can be provided by firstActiveUplinkBWP-ID of the SCell
Summary of change-1:
Add a sentence “If one serving cell of uplink carrier is deactivated, the SCS can be provided by firstActiveUplinkBWP-ID of the SCell” in current text proposal. . 
Consequences if not approved:
If one uplink SCell configured with UL Tx switching is deactivated, UE does not know which SCS can be used to determine the references slot.
Proposal 1: For the reference slot determination, if one uplink SCell configured with UL Tx switching is deactivated, the SCS of deactivation cell can be provided by firstActiveUplinkBWP-ID for the SCell.
The corresponding TP-1 for Proposal 1 is as follows:
	***********Text proposal of determining reference slot ****************** 
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 one serving cell of uplink carrier is deactivated, the SCS can be provided by firstActiveUplinkBWP-ID of the SCell.



Reason for change-2:
If a band is configured by [AssociatedBand], and if all uplink SCells on the band are deactivated, to avoid unclear operation on UL Tx switching, it requires to clarify that the [AssociatedBand] is still valid even if all Scell(s) on the band are deactivated
Summary of change-2:
Add a sentence “Associated band is still valid even if all the cell(s) on the band are deactivated” in current text proposal.
Consequences if not approved:
If a band is configured in parameter of [AssociatedBand], and if all uplink SCells on the band  are deactivated, UE behaviors of UL TX switching is unclear.
Proposal 2: The [AssociatedBand] configuration is still valid even if all Scell(s) on the band of [AssociatedBand] are deactivated.
The corresponding TP-2 for Proposal 2 is as follows:
	***********Text proposal of  Associated Band ******************
If the UE is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', when the UE is under the operation state in which 1-port transmission can be supported on one carrier on the 1st band and the 2nd band followed by no transmission on any carrier on these two bands and 1-port transmission on the other carrier on the 3rd band the UE shall consider this as if 1-port transmission was transmitted on the 3rd band and the band associated with the 3rd band as configured by [AssociatedBand], otherwise the UE shall consider this as if 2-port transmission took place on the transmitting carrier. Associated band is still valid even if all the Scell(s) on the band of  [AssociatedBand] are deactivated




Reason for change-3:
In current text proposal of determination switching period location, the following scenarios are not considered
- Scenario -1: the highest priority band is on neither switch-from band nor switch-to band.
- Scenario -2: the highest priority band is on both of switch-from band and switch-to band 
To make specification is complete, the two scenarios shall be considered in text proposal.
Summary of change-3:
Clarify that the highest priority band refers to the highest priority band among the bands involved in the UL Tx switching. And if the highest priority band involved in the switching is on both of the switching switched-from band(s) and switch-to band(s), the switching period is located on the switching-from band or switching-to band that is not with the 2nd highest priority band.
Consequences if not approved:
The specification of switching period located procedure is not complete.

Proposal 3: The following two scenarios should be considered in the spec to determine switching period location 
· Scenario -1: the highest priority band is on neither switch-from band nor switch-to band.
· Scenario -2: the highest priority band is on both of switch-from band and switch-to band.

The corresponding TP-3 for Proposal 3 is as follows
	[-	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 the highest priority band involved in the switching is on either of the switch-from band(s) or switch-to band(s), 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.]
If the highest priority band involved in the switching is on both of the switched-from band(s) and switch-to band(s), the switch is located on either 
-   the switch-from band(s) if the 2nd highest priority band involved in the switching is a switch-to band, or
-   the switch-to band(s) if the 2nd highest priority band involved in the switching is a switch-from band.



Reason for change-4:
When UE is configured 3/4 bands uplink Tx switching, the following new switching case is not considered in current text proposal
· When the UE is to transmit a 1-port transmission on one uplink carrier on the 1st band by using 2 Tx and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band
The above new switching case shall be captured in specification.
Summary of change-4:
Adding the new switch case of  
· When the UE is to 1-port transmission on one uplink carrier on the 1st band and the UE is under the operation state in which 2-port transmission can be supported and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band
in current text proposal.
Consequences if not approved:
The specification of switching case is not complete.

Proposal 4:  One switching case is added for 3/4 bands configuration, the modification of text proposal as following: 
	6.1.6.2.2	Uplink switching with 3 or 4 uplink bands
…
When the UE is to transmit a 2-port or 1-port transmission on one uplink carrier on the 1st band and the UE is under the operation state in which 2-port transmission can be supported and if the preceding uplink transmission was a 1-port transmission on a carrier on the 2nd and/or 3rd band and the UE is under the operation state in which 1-port transmission can be supported in the 2nd and 3rd band, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the carriers, where NTx1-Tx2 is the max of [uplinkTxSwitchingPeriod] that UE indicates for the band pair {1st band, 2nd band} and for the band pair {1st band, 3rd band}.



 
Proposal 5：If two UL transmissions after TX switching are overlapping in time domain, the UE should perform once TX switching for both of UL transmission.
Proposal 6：If the gap is less than NTx1-Tx2 between the transmissions on two carriers on 1st band and 2nd band, one Tx switching is preferred.
Proposal 7：For UE performing one Tx switching, the DCI(s) scheduling for uplink transmissions on carrier-1 and carrier-2 shall be no later than the earlier time between T01-Toffset01 and T02-Toffset02..
· T02 is start time of uplink transmission on carrier-2, Tofset02 is the UE processing procedure time defined for the uplink transmission triggering the switch on carrie-2. 
· T01 is start time of uplink transmission on carrier-1, Tofset01 is the UE processing procedure time defined for the uplink transmission triggering the switch on carrie-1.
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