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Introduction
[bookmark: OLE_LINK5]In RAN1#110bis e-meeting, we discussed the multi-carrier UL Tx switching scheme with the following progress:
	[bookmark: OLE_LINK2]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.



In this contribution, we discuss the remaining issues on UL Tx switching across 3 or 4 bands and provide our views.
Discussion
In RAN1#110bis e-meeting, RAN1 achieved a working assumption that RAN1 needs to specify UL Tx switching schemes across up to 4 bands in Rel-18. Performance benefits can be observed from the submitted evaluations thanks to the scheduling flexibility and low latency harvested from advanced UL Tx switching. On the other hand, RAN1 has put a lot of efforts to address the concerns on potential increasing UE complexity. Fortunately, the group has achieved consensus on the solutions of reducing UE complexity, i.e. allowing UE supports some of band pairs for concurrent transmission and 2-ports transmission. Although there are some details needs to be nailed down, we believe UE complexity is not a barrier any more to confirm we should specify UL Tx switching schemes across up to 4 bands. Considering RAN1#111 meeting is the very last RAN1 meeting for Rel-18 multi-carrier enhancement, it is fair and important to confirm the working assumption as it is a fundamental issue for Rel-18 UL Tx switching.

Proposal 1: Confirm the following working assumption achieved in RAN1#110bis e-meeting.
	Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18.



In Rel-16/17 UL Tx switching, two kinds of UL Tx switching are specified, i.e. switchedUL and dualUL.  It allows UE to transmit uplink on two bands in a simultaneous method or in a switching method, up to UE’s capability.  Although more than 2 bands can be reported/configured for UL Tx switching, UL Tx switching option applied to the band pair on which UL Tx switching occurs. In the other words, it is not relevant to the band combination where UL Tx switching happens. Furthermore, it is quite wired that a Rel-16/17 UE can support ‘switchedUL’ or ‘dualUL’ or ‘both’ while a Rel-18 UE can only support either  ‘switchedUL’ or ‘dualUL’.  Therefore, we believe the same mechanisms specified in Rel-16/17 for UL Tx switching options should be fully inherited.
Regarding the following working assumption, we believe the common understanding is a Rel-18 UE can report ‘switchedUL’ or ‘dualUL’ or ‘both’, same as Rel-17. It is better to confirm the working assumption in order to complete Rel-18 UL Tx switching on time.

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



Proposal 2: Confirm the following working assumption achieved in RAN1#110bis e-meeting.
	Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported



Discussion on remaining issues for UE complexity reduction
After heated discussion on UE complexity in the previous meeting, it has been boiled down to the following two aspects to reduce UE complexity coming with UL Tx switching across 3 or 4 bands:
· Aspect#1: Allows UE to support only some of band pairs for concurrent UL transmission based on UE capability.
· Aspect#2: Allows UE to support only some of band(s) for up to 2 ports UL transmission based on UE capability.
 
For aspect#1, the functionality of supporting a band pair for concurrent UL transmission is actually same as ‘dualUL’, which indicates that a UE support simultaneous transmission on two carriers on different bands. However, the UE capability of UL Tx switching is reported per BC and configured per cell group, which make it impossible to reuse ‘dualUL’ capability for the purpose of reporting the band pairs support concurrent UL transmission. Accordingly, a per band  pair UE capability to report which band pair(s) the UE support for concurrent UL transmission should be introduced. Meanwhile, the current mechanism of reporting dual UL should be maintained for simplicity.
Based on the UE capability reporting, gNB can obtain the knowledge about the following two areas:
1) Which UL Tx switching option the UE supports on a specific band combination, and
2) On which band pairs within the band combination concurrent UL transmission is supported.
Accordingly, gNB can reuse the current mechanism to indicate UE which UL Tx switching option is configured, i.e. configures ‘switchedUL’ or ‘dualUL’ for a cell group. When gNB schedules UE on two carriers supporting dual UL on different bands within the band combination, it should take UE’s capability into account, i.e. on which band pair(s) UE support concurrent UL transmission. For example, UE reports to gNB that it support dual UL on {band A, band B, band C, band D} and only support concurrent transmission on {band B, band C}. gNB configures a UE to transmit UL with dual UL on {carrier#1, carrier#2, carrier#3, carrier#4} which belongs to  {band A, band B, band C, band D} respectively. With all the information on table, gNB shall not schedule concurrent UL transmission on a carrier pair except carrier#2 and carrier#3 as it certainly beyond UE’s capability. Therefore, there is no need to further enhance gNB configuration/indication for concurrent UL transmission.

Proposal 3: UE should report the band pair(s) on which concurrent UL transmission is expected.

Proposal 4: Additional configuration/indication to configure/indicate UE the band pairs supporting concurrent UL transmission is not needed, i.e. the current mechanism is sufficient.

Furthermore, RAN1 also agreed with allowing UE to support only some of band up to 2 ports UL transmission based on UE capability. Regarding to whether/how to introduce a restriction on the minimum number of bands supporting 2 ports UL transmission for both switched UL and dual UL, the views are split into three directions as shown below:
· Alt.1: no restriction for both switched UL and dual UL 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
Basically, we agree with the argue that alt.2 and alt.3 can guarantee the performance of Rel-18 UL transmission is not degraded compared with Rel-17 UL transmission. As in Rel-17, 2 ports on two bands has to be supported once UE is capable to 2Tx-2Tx UL Tx switching. Alt.3 can make sure a Rel-18 UE enjoy the same setups as Rel-17. Alt.2 is a trade-off between alt.1 and alt.3, which guarantee Rel-18 UE is not weaker than Rel-16 UE. However, we should also notice that 1-port UL transmission is the basic UL MIMO capability while the others are up to UE capability. In the other words, there is no restriction on UE that it should at least support 2-ports on one or two bands. Furthermore, Rel-18 UE should be backward compatible and multi-mode, i.e. if it supports Rel-16/17 UL Tx switching, it certainly has the capability to support one band or two bands with 2 ports UL transmission when it is capable of Rel-18 UL Tx switching. Hence, we think alt.1 is sufficient.

Proposal 5: For Rel-18 UL Tx switching, there is no restriction on the number of bands supporting 2 ports UL transmission for both switched UL and dual UL for both 3 bands and 4 bands.

Allowing UE to conduct UL Tx switching across 3 or 4 bands aims to provides more flexibility and reduce latency. The existing per-FS UL-MIMO capability can be reused. We don’t see any issue to extend the UL-MIMO capability to 3 or 4 bands. For example, gNB schedules a UE capable of Rel-18 UL Tx switching on each band with considering its capability including the reported per-FS UL-MIMO capability and 2-port capability.
Accordingly, gNB should decide whether a 2-port UL transmission on a band is available for the UE based on its capability. There is no need to additionally indicate 2 ports UL transmission mode for a band/cell.

Proposal 6: For Rel-18 UL Tx switching, the existing per-FS UL-MIMO capability can be reused.

Proposal 7: There is no need to additionally indicate 2 ports UL transmission mode for a band/cell for a Rel-18 UL Tx switching capable UE.


Discussion on remaining issues for switching cases
In RAN1#110bis e-meeting, we discussed the potential switching cases for Rel-18 UL Tx switching. Three scenarios were identified by the following agreement: 

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

First of all, we think scenario#3 is a valid scenario with taking Rel-18 aspects into account, i.e. restrictions on concurrent transmission and 2 ports UL transmission. Additionally, we need to consider the following three scenarios as well:
· Scenario#4: For dual UL, UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some bands in the band combination
· Scenario#5: For dual UL, UE support all band pairs for concurrent transmission and supports up to 2 ports UL transmission on all the bands in the band combination
· Scenario#6: For dual UL, UE support all band pairs for concurrent transmission and supports up to 2 ports UL transmission on some bands in the band combination

Basically, a switching case denotes the UL Tx chain switching between two bands, in between a switching period is needed. For switchedUL, UE can only transmit uplink channel/signal with one or two antenna ports on single UL band at certain time. There is no ambiguity on whether a switching period is needed between two adjacent uplink transmissions, no matter which band pair is used for UL Tx switching. For dualUL, it becomes more complicated as the antenna port used for uplink transmission for different Tx chain status may be same. Take UL Tx switching across 4 bands as example, all the UL Tx switching cases are summarized in Table 1 and Table 2 respectively.

For switched UL, the key point is that a UE does not expect simultaneous transmission on two bands and a switching period must be guaranteed. Despite of whether 2 ports UL transmission is supported or not, there is no difficulty to support 1Tx-1Tx switching especially considering 1T-1Tx has already been supported since Rel-16. To be specific, if a band supports 2 ports UL transmission, 1Tx transmission on this band is certainly allowed. Otherwise, if a band doesn’t support 2 ports UL transmission, i.e. only 1 port UL transmission is feasible, 1Tx transmission on this band is obvious. We don’t see the necessity and motivation to put such restriction on switched UL for any case.  On the other hand, if the motivation is to reduce UE complexity, we believe it has already be addressed by restricting the concurrent transmission and allowing UE support some of bands with 2 ports UL transmission. Furthermore, ambiguity should not be the reason of precluding 1Tx-1Tx switching for switched UL either as we already agree the principle that reusing current RRC configuration to resolve it.

Proposal 8: For switched UL, all the UL switching cases should be supported despite of whether 2 ports transmission is supported on a band or not. 
· For example, the switching cases summarized in Table 1 should be supported if UL Tx switching involves 4 bands.

Table 1: Summary of switching cases for a UE supporting switched UL transmission
	Switching Case
	Band#1
	Band#2
	Band#3
	Band#4
	UL transmission without switching period for each case( P-> port)

	Case#1
	1
	0
	0
	0
	1P+0P+0P+0P

	Case#2
	0
	1
	0
	0
	0P+1P+0P+0P

	Case#3
	0
	0
	1
	0
	0P+0P+1P+0P

	Case#4
	0
	0
	0
	1
	0P+0P+0P+1P

	Case#5
	2
	0
	0
	0
	2P+0P+0P+0P; 1P+0P+0P+0P;

	Case#6
	0
	2
	0
	0
	0P+2P+0P+0P; 0P+1P+0P+0P;

	Case#7
	0
	0
	2
	0
	0P+0P+2P+0P; 0P+0P+1P+0P;

	Case#8
	0
	0
	0
	2
	0P+0P+0P+2P; 0P+0P+0P+1P;



For dual UL, the key point is that a UE supports simultaneous transmission on two bands with 1Tx on each and no switching period is needed. As aforementioned, we should have a big picture on all potential scenarios, not only for some bands supporting concurrent transmission and all bands supporting two ports transmission. An unified solution should be pursued and we don’t think a per scenario method is workable for UL Tx switching cases especially we have only one meeting left.  Regardless of which dual UL scenario is assumed, we don’t think the number of ports on a band is a barrier to support 1Tx-1Tx UL switching. The same principle should be applied to each scenario, i.e. 1) for the band pairs on which concurrent UL transmission is not supported, both 1Tx-1Tx UL Tx switching (as baseline) and 2Tx-2Tx UL Tx switching (if capable) should be supported. 2) for the band pairs on which concurrent UL transmission is supported, 1Tx+1Tx UL transmission (i.e. the baseline case for dual UL) and 2Tx-2Tx UL Tx switching (if capable) should be supported.

Based on the above analyses, we don’t think this is motivation to preclude 1Tx-1Tx switching cases for band pairs not supporting concurrent UL transmission, despite of the number of ports it supports.

Proposal 9: For dual UL, all the UL switching cases should be supported on specific band pairs not supporting concurrent UL transmission despite of whether 2 ports transmission is supported or not. 
· For example, the switching cases summarized in Table 2 should be supported if UL Tx switching involves 4 bands.

Table 2: Summary of switching cases for a UE supporting dual UL transmission
	Switching Case
	Band#1
	Band#2
	Band#3
	Band#4
	UL transmission without switching period for each case( P-> port)

	Case#1
	1
	1
	0
	0
	1P+0P+0P+0P; 0P+1P+0P+0P; 1P+1P+0P+0P

	Case#2
	1
	0
	1
	0
	1P+0P+0P+0P; 0P+0P+1P+0P; 1P+0P+1P+0P

	Case#3
	1
	0
	0
	1
	1P+0P+0P+0P; 0P+0P+0P+1P; 1P+0P+0P+1P

	Case#4
	0
	1
	1
	0
	0P+1P+0P+0P; 0P+0P+1P+0P; 0P+1P+1P+0P

	Case#5
	0
	1
	0
	1
	0P+1P+0P+0P; 0P+0P+0P+1P; 0P+1P+0P+1P

	Case#6
	0
	0
	1
	1
	0P+0P+1P+0P; 0P+0P+0P+1P; 0P+0P+1P+1P

	Case#7
	2
	0
	0
	0
	2P+0P+0P+0P; 1P+0P+0P+0P;

	Case#8
	0
	2
	0
	0
	0P+2P+0P+0P; 0P+1P+0P+0P;

	Case#9
	0
	0
	2
	0
	0P+0P+2P+0P; 0P+0P+1P+0P;

	Case#10
	0
	0
	0
	2
	0P+0P+0P+2P; 0P+0P+0P+1P;



Discussion on remaining issues for switching conditions
From RAN1 perspective, basically we only need to specify whether and when a switching period is needed between two adjacent UL transmissions on two bands. Accordingly, gNB and UE can have a common understanding on the location of switching period so that performance degradation can be avoided.

In RAN1#110bis e-meeting, we preliminarily discussed the conditions for UL Tx switching. The framework of new conditions for UL Tx switching introduced by more than 2 bands has been provided by the following agreement:
	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



First of all, we summarize the existing conditions where the switching period is required in Table 3.  Condition#1 to condition#3 and condition#6 specify when switching period is required for switched UL. We can observed that there is no relevance with the number of bands on which UL Tx switching is applicable. In the other word, once the transmitting band is changed, a switching period is required in-between if switched UL is reported and configured.  Therefore, the existing conditions for switched UL can be fully reused by Rel-18 switched UL. For complexity reduction option 1, UE is allowed to support concurrent transmission on some band pairs. The fundamental idea is to reduce UE implementation complexity when dual UL is reported per band combination and configured per cell group. For complexity reduction option 2, UE is allowed to support up to 2 ports on some bands based on UE capability. According to Table 3, we can also observe that existing conditions for switched UL already cover the case we confront caused by complexity reduction option, which are listed as below:
1) Switching from 1p band to 2p band, i.e. condition#1
2) Switching from 2p band to 1p band, i.e. condition#2
3) Switching from 2p band to 2p band, i.e. condition#6
4) Switching from 1p band to 1p band, i.e. condition#3
Here we assumption 1p band denotes the band doesn’t support 2 port transmission and 2p band denotes the band support 2 port transmission. Accordingly, we have the following proposal:

Proposal 10: For switched UL, existing conditions where the switching period is required can be reused.
 

Table 3: Summary of existing conditions for the occurrence of switching period
	Condition index
	Description of conditions
	Key points for switching

	Condition#1
	The UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 1-port transmission on another uplink carrier on another band
	For both switched UL and dual UL.
1Tx->2Tx(different band, 1p->2p)

	Candition#2
	The UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another band
	For both switched UL and dual UL.
2Tx -> 1Tx(different band, 2p->1p)

	Condition#3
	The UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band
	Specific for switched UL.
1 Tx -> 1 Tx(1p->1p)


	Condition#4
	The UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band and the UE is under the operation state in which 2-port transmission can be supported in the same band
	Specific for Rel-16 dual UL
2Tx -> 1Tx(1p->1p)



	Condition#5
	The UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on a carrier on the same band and the UE is under the operation state in which 2-port transmission cannot be supported in the same band
	Specific for Rel-16 dual UL
1Tx -> 2Tx(on same band)


	Condition#6
	If uplinkTxSwitching-2T-Mode is configured, when the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another band,
	Specific for Rel-17 switched UL.
2Tx-2Tx(2p->2p)




Currently, simultaneous transmission on two bands is supported once UE report dual UL capability. Switching period is not required between two adjacent uplink transmissions which is on each band. However, it is no longer true for Rel-18 UL Tx switching with UE complexity reduction option 1. For example, UE report dual UL is supported for band combination A+B+C+D. Somehow UE also reports concurrent transmission capability only on band pair A+B and band pair C+D.  Consequently, UE doesn’t support 1p+1p transmission on band pair B+C each with a UL transmission. As only two bands are involved in this case, it is neither covered by existing conditions nor covered by the new conditions identified in the previous meeting. 

Proposal 11: For dual UL, if the UE does not support concurrent transmission on the band pair, switching period is required when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band.

For the last FFS point, we think two scenarios should be separately discussed:
1) Existing conditions and new conditions are applied to different band pairs
2) Existing conditions and new conditions are applied to the same band pair
For the first scenario, we believe there is no issue and it is totally UE implementation as UE reports the length of switching period per band pairs. For the second scenario, it needs RAN4’s involvement. Actually RAN4 has already raised three options and will further discuss them in the pending meeting. There is no need for RAN1 to spend efforts on it.[1]

Observation: Regarding to switching period for existing conditions and new conditions, two scenarios needs to be considered separately:
· If existing conditions and new conditions are applied to different band pairs, it is up to UE implementation to report same or different switching period.
· If existing conditions and new conditions are applied to same band pair, it is covered RAN4’s discussion.


Discussion on remaining issues for potential ambiguity
In RAN1#110bis e-meeting, we achieved consensus that for dual UL, there is ambiguous issues on switching state. However, it is controversial on whether it is also true for switched UL.  
Basically, the potential ambiguity comes from gNB have no idea whether it can only schedule UL transmission on the switch-to band or it can schedule UL transmission on both switch-from band and switch-to band. Take case#1 and case#2 identified during last meeting as example:
· For case#1, assuming two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, there are two potential Tx chain states, i.e. case 1-1 and case 1-2. For case 1-1, two Tx chains are switched from band A to band B hence UL transmission can only occur on band B. For case 1-2, only Tx chain#1 is switched from band A to band B and the other Tx chain is maintained on band A. Hence, concurrent UL transmission is feasible on band A and band B.


Figure 1: Illustration on case#1

· For case#2, assuming two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, there are three Tx chain states, i.e. case 2-1, case 2-2 and case 2-3. For case 2-1, Tx chain#1 on band A and Tx chain on band B are both switched to band C, i.e. UL transmission is only feasible on band C. For case 2-2, Tx chain#1 on band A is switched to band C while Tx chain#2 is maintained on band B, i.e. concurrent transmission on band B and band C is possible. For case 2-3, Tx chain#2 is switched to band C while Tx chain#1 is maintained on band A, i.e. concurrent transmission on band A and band C is possible.


Figure 2: Illustration on case#2

The commonality of case#1 and case#2 is that there are different potentiality of Tx chain states for 1-port transmission. As dual UL is supported on the switch-from band and switch-to band, gNB has no idea whether concurrent transmission is supported by current Tx chain states. If three bands are involved, additional confusion on which band pair supports concurrent transmission comes out. Accordingly, we has to resolve such kind of ambiguity in order to make sure a common understanding on Tx chain states between gNB and UE.

On the other hand, gNB only schedules UL transmission on one band if switched UL is reported and configured, i.e. the switch-to band. Even though there are different virtualization between Tx chain and 1 antenna port, i.e. two Tx chains or single Tx chain, gNB does not care. Hence, we don’t think there is ambiguity issues for switched UL.

Proposal 12: For switched UL, there is no ambiguous issue on switching state.

For case#2, two alternatives are raised during the discussion:
· Alt.1: based on gNB’s configuration/indication, e.g., new RRC parameter
· Alt.2: based on predefined rule

Alternative 1 is much more flexible than alternative 2. gNB can control the Tx chain switching which may be beneficial to system performance hence we slightly prefer alternative 1. Furthermore, it may be also possible or even better to introduce a UE capability on the preference of Tx chain switching.

Proposal 13: For dual UL, introduce a new RRC parameter to indicate UE the expected Tx chain switching when three bands are involved.


Discussion on minimum separation between two UL Tx switching
How to determine the minimum separation between two UL Tx switching cases for Rel-18 UL Tx switching schemes across up to 3 or 4 bands were discussed in the previous meeting with the following alternatives:
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· [bookmark: OLE_LINK1]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
Basically, one of the initial motivation for the discussion on minimum separation between two UL Tx switching is UE may need more time to prepare/upload band information when the two UL Tx switching corresponds to different band pairs. The hypothesis is UE memory should be shared by different band pairs. However, as we already concluded that there is no consensus on UE complexity reduction option 3, i.e. introduce additional preparation time for UL Tx switching across 3 or 4 bands, we don’t think we should spend any time on defining or reporting additional time between two UL Tx switching. Technically, we needs to consider two aspects to make UL Tx switching workable: 1) Guarantee gNB and UE has common understanding on the switching period between the switch-from band and the switch-to band. 2) Make sure UL Tx switching occurs neither too frequently nor sparsely. For the first aspect, we believe current mechanism on reporting/determining switching period is sufficient. For the second aspect, Rel-16/17 resolve it with allowing only one uplink switching in a reference slot, which is specified in TS38.214 as below. We think it can be directly extended to 3 bands or 4 bands. It is quite aligned with alt.2, i.e. define that no more than one uplink Tx switching within a reference slot based on a SCS. The SCS of the reference slot can be the maximum SCS in the combination supporting UL Tx switching. It has the least standard efforts.
	The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL, 1, µUL, 2), where the µUL, 1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the µUL, 2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap.



For the other alternatives, we don’t think they are mature at this stage. It is very problematic to completing the objective with only one meeting left if we have so many open issues for a list of alternatives. 
Furthermore, we think the separation between two UL switching is equivalent to the switching period between two adjacent UL transmissions. In any case, transition between two UL Tx switching can be boiled down to Tx chain switching between two bands. For example, we assume 2Tx-2Tx switching involves 3 bands. We further assume there are two UL Tx switching, i.e. 2Tx-2Tx switching on band pair#1 and 2Tx-2Tx switching on band pair#2. When UL Tx switching case changes, it means the Tx chain on band pair#1 would be switched to another band belonging to band pair#2. What matters is the switching period between the former band and the new band.  We don’t need to touch the minimum separation between two UL switching. 


Figure 3: Example for UL switching transition

Proposal 14: For Rel-18 UL Tx switching across 3 or 4 bands, UE does not more than one uplink Tx switching within a reference slot based on a SCS.

Proposal 15: For Rel-18 UL Tx switching across 3 or 4 bands, the SCS of a reference slot is the maximum value among those bands.

Discussion on ambiguity of switching period
As aforementioned, some new switching conditions need to be introduced in Rel-18. Take UL Tx switching across 4 bands as example, a UE is to transmit a 1p+1p transmission on two uplink carriers on band C and band D and the preceding uplink transmission is 1p+1p transmission on two uplink carrier on band A and band B. As shown in Figure 1, there are different possibilities regarding Tx chain switching between band. For case#1, the band pairs involved in are A+C and B+ D. The switching period is reported for A+C and B+D respectively, i.e. P_A+C and P_B+D. Similarly, for case2, the final switching period will be determined according to P_B+C and P_A+D. In order to make sure common understanding between gNB and UE, we need to specify the switching period length between different uplink transmissions once more than 2 bands are involved. In the previous meeting, the following mechanisms were raised:
· Alt.1: based on gNB’s configuration/indication, e.g., new RRC parameter
· Alt.2: based on predefined rule
Considering we only have one meeting left, a simple method is preferred, e.g. the maximum switching period among the values reported for different band pairs, should be adopted.



Figure 4: 2 potential switching cases


[bookmark: _GoBack]Proposal 16: When more than 2 bands are involved for UL Tx switching and different switching periods are reported for different band pairs, the maximum switching period is assumed among the uplink transmissions across 3 or 4 bands.


Conclusion 
In this contribution, we discuss possible issues on Rel-18 multi-carrier UL Tx switching. Regarding the conditions where switching period is required, we have the following observation:

Observation: Regarding to switching period for existing conditions and new conditions, two scenarios needs to be considered separately:
· If existing conditions and new conditions are applied to different band pairs, it is up to UE implementation to report same or different switching period.
· If existing conditions and new conditions are applied to same band pair, it is covered RAN4’s discussion.

Furthermore, we have the following proposals on UE complexity reduction, switching condition, switching cases and ambiguity on Tx chain state:

Proposal 1: Confirm the following working assumption achieved in RAN1#110bis e-meeting.
	Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18.



Proposal 2: Confirm the following working assumption achieved in RAN1#110bis e-meeting.
	Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported



Proposal 3: UE should report the band pair(s) on which concurrent UL transmission is expected.

Proposal 4: Additional configuration/indication to configure/indicate UE the band pairs supporting concurrent UL transmission is not needed, i.e. the current mechanism is sufficient.

Proposal 5: For Rel-18 UL Tx switching, there is no restriction on the number of bands supporting 2 ports UL transmission for both switched UL and dual UL for both 3 bands and 4 bands.

Proposal 6: For Rel-18 UL Tx switching, the existing per-FS UL-MIMO capability can be reused.

Proposal 7: There is no need to additionally indicate 2 ports UL transmission mode for a band/cell for a Rel-18 UL Tx switching capable UE.

Proposal 8: For switched UL, all the UL switching cases should be supported despite of whether 2 ports transmission is supported on a band or not. 
· For example, the switching cases summarized in Table 1 should be supported if UL Tx switching involves 4 bands.

Proposal 9: For dual UL, all the UL switching cases should be supported on specific band pairs not supporting concurrent UL transmission despite of whether 2 ports transmission is supported or not. 
· For example, the switching cases summarized in Table 2 should be supported if UL Tx switching involves 4 bands.

Proposal 10: For switched UL, existing conditions where the switching period is required can be reused.

Proposal 11: For dual UL, if the UE does not support concurrent transmission on the band pair, switching period is required when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band.

Proposal 12: For switched UL, there is no ambiguous issue on switching state.

Proposal 13: For dual UL, introduce a new RRC parameter to indicate UE the expected Tx chain switching when three bands are involved.

Proposal 14: For Rel-18 UL Tx switching across 3 or 4 bands, UE does not more than one uplink Tx switching within a reference slot based on a SCS.

Proposal 15: For Rel-18 UL Tx switching across 3 or 4 bands, the SCS of a reference slot is the maximum value among those bands.

Proposal 16: When more than 2 bands are involved for UL Tx switching and different switching periods are reported for different band pairs, the maximum switching period is assumed among the uplink transmissions across 3 or 4 bands.
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