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Introduction
[bookmark: _Hlk58595024]In RAN#96, WI has been further revised for multi-carrier enhancements in NR Rel-18. One of the main objectives of the WI includes enhancements for multi-carrier UL operation with UL Tx switching schemes as follows [1]:
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: 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 contribution, we discuss different alternatives that have been discussed in RAN1#109-e [2], to enhance UL Tx switching with 3 or 4 bands and provide our preference, if it is agreed to support 3 or 4 bands. Furthermore, we discuss additional aspects to limit the impact in terms of UE complexity and implementation.
Discussion
Views on UL Tx switching mechanisms
In RAN1#109-e, following 3 alternatives were discussed and listed for further down-selection in this meeting [2]:

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

To compare the three alternatives, we discuss the pros and cons corresponding to each of the alternative in Table 1.

Table 1: Comparison of 3 alternatives for UL Tx switching mechanism

	Alternatives
	Pros
	Cons

	Alt 1: Dynamic Tx carrier switching across all supported cases for 3 or 4 bands
	· Full flexibility
· All configured bands available for switching at any scheduling instance 
	· Frequent Retuning of UL Tx chains needed whenever one or two band changes due to switching
· Large number of switching cases need to be specified for 3 or 4 bands
· Specifying potentially different switching gaps corresponding to different switching categories such as only 1 band change, both bands change, etc. 

	Alt 2: Dynamic UL Tx carrier switching only across a subset of 2 bands from 3 or 4 bands
	· Additional flexibility compared to Rel-16/17 
· No RRC reconfiguration needed once 3 or 4 bands are configured
· Less delay to update the pair from 3 or 4 bands
· No specification impact needed to define new switching cases as Rel-16/17 switching cases can be directly applies
· Almost no to little impact in terms of UE complexity
	· Slightly less flexibility compared to Alt 1 or same flexibility with slightly more delay to switch across 3 or bands

	Alt 3: Dynamic UL Tx carrier switching only from or to an anchor band
	· Reduced number of switching cases compared to Alt 1

	· Still considerable specification impact compared to Alt 2
· New switching cases need to be defined compared to Rel-16/17 or Alt 2
· Further specification effort to determine criteria, assign and/or update anchor band




Based on the above comparison between the three alternatives, Alt 2 seems to provide a good trade-off between UL scheduling flexibility with UL Tx switching and corresponding impact to UE complexity and specification efforts. Therefore, we prefer to down-select Alt 2 for UL Tx switching mechanism in Rel-18, if it is agreed to support 3 or 4 bands.

Proposal 1: RAN1 should agree to support Alt 2 for enhancing dynamic UL Tx switching by dynamically activating only a pair of bands from the 3 or 4 configured bands for Rel-18 dynamic UL Tx switching, if 3 or 4 bands are agreed to be supported
 
Furthermore, details on the mechanism for Alt 2 should be further discussed. The key aspect is the signaling enhancement for selecting a sub-set of 2 bands from 3 or 4 bands. In our view, the procedure and corresponding signaling for Alt 2 can be described as follows (assuming UE will support Rel-18 UL Tx switching for 3 and 4 bands):
· Step 1: UE reports band combination with 3 and 4 bands for Rel-18 UL Tx switching
· Step 2: For the reported band combinations, either network can configure the UE with a table and each row of the table indicates a pair of bands selected from the 3 or 4 configured bands or UE can report such a table
· Step 3: Once the table is configured, then network can indicate UE with one pair from the table
· Step 4: Following the indication of a pair from the table, similar procedure as defined in Rel-16/Rel-17 can be applied and switching cases between the two bands in the indicated table can be scheduled, i.e., switching is allowed only between the two bands of the indicated pair

One aspect to consider in the above steps is how to indicate UE with a pair from the table. In our view dynamic signaling should be used to provide the flexibility to have a relatively faster update of the band pair in comparison to Rel-16/17, where RRC reconfiguration is needed. However, it is not expected that the band pair would be updated with every scheduling instance, otherwise it tends to be like Alt 1. Therefore, to avoid very frequency update of band pair, but still have dynamic flexibility, MAC CE based indication of the band pair should be supported. 

Proposal 2: RAN1 should consider the following procedure for Alt 2 based UL Tx switching mechanism in Rel-18, if 3 or 4 bands are agreed to be supported:
· Step 1: UE reports band combination with 3 and 4 bands for Rel-18 UL Tx switching
· Step 2: For the reported band combinations, either network can configure the UE with a table and each row of the table indicates a pair of bands selected from the 3 or 4 configured bands or UE can report such a table
· Step 3: Once the table is configured, then network can indicate UE with one pair from the table
· Step 4: Following the indication of a pair from the table, similar procedure as defined in Rel-16/Rel-17 can be applied and switching cases between the two bands in the indicated table can be scheduled, i.e., switching is allowed only between the two bands of the indicated pair

Proposal 3: RAN1 should consider supporting MAC CE based indication of a band pair from the 3 or 4 configured bands for Alt 2 based UL Tx switching mechanism in Rel-18

Another aspect to consider is whether to support both the options for UL Tx switching for inter-band UL CA including switched UL and dual UL. Considering if Alt 2 is agreed to be supported, both options can be supported without any additional impact to the specifications. According to Alt, for the indicated pair from the configured 3 or 4 bands, both switched UL and dual UL can be supported. 

Proposal 4: RAN1 should agree to support both options including switched UL and dual UL for Alt 2 based UL Tx switching mechanisms in Rel-18
Views on limitations for UL Tx switching mechanisms
In RAN1#109-e, there has been discussion on how to address the concerns on UE/gNB complexity increase or scheduling restriction due to UL Tx switching across larger number of bands compared with Rel-16/17. Following observation was captured in [2]:

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

Limitation on timing restriction

In our view, if Alt 2 is adopted, most of the concerns related to UE/gNB complexity increase can be alleviated. However, further restrictions can be considered depending on flexibility requirements, UE capability, etc. One possibility to consider with Alt 2 is support additional restriction in terms of minimum duration between two consecutive instances of indicating a pair of bands from the configured 3 or 4 bands. MAC CE based indication of a band pair will at least ensure a gap of 3ms between two consecutive instances, however, further additional configurable values can be supported. This would help to avoid very frequent updates of pair for UL Tx switching.

Proposal 5: RAN1 should consider further restriction in terms of minimum required duration between two consecutive updates of band pair for Alt 2 based UL Tx switching mechanism 

Limitation on intra-band CCs

In RAN1#109-e, there has been discussion on extension of intra-band CA with UL Tx switching. In Rel-17, it is allowed to have 1 band with up to 2 contiguous carriers. In Rel-18, if it is agreed to increase the bands to 3 or 4, then it needs to be agreed whether any further extension such as increasing the number of contiguous carriers within one band and/or increasing number of bands with multiple contiguous carriers is within the scope of Rel-18 or not. In our view, as there is no discussion on potential extension of intra-band CA in Rel-18’s WID, so no enhancement should be considered on this aspect. At least with Alt 2, it should be quite straightforward to agree that the band pair that is indicated can have only 1 band with up to contiguous carriers and therefore, no further enhanced is needed compared to Rel-17.

Proposal 6: RAN 1 should agree to support only up to 1 band with up to 2 contiguous carriers for a band pair that is indicated for dynamic UL Tx switching with Alt 2 based switching mechanism
· No enhancement needed for intra-band CA with Alt 2 based UL Tx switching compared to Rel-17

Limitation on SUL bands

In RAN#96, there has been discussion on whether additional scenarios with more than one SUL bands can be configured for 3 or 4 bands is within the scope or not [3]. Based on the outcome in RAN#96, it has been agreed that there can be potential discussion on inclusion of more than one SUL bands. Although, it is not expected to be discussed in RAN1#110, however, it is worth considering if and how the selection of Rel-18 UL Tx switching mechanism can impact the inclusion of more than 1 SUL band. In our view, if Alt 2 based switching mechanism is adopted, then it can be considered to include more than 1 SUL for the 3 or 4 configured bands. However, to avoid any additional specification consideration compared to Rel-16/17 (such as defining new switching cases with multiple SUL bands), it can be further considered to limit the number of SUL bands to one for the indicated pair in Alt 2 based switching mechanism. This provides a good trade-off to allow configuration of more than 1 SUL band, but limit the inclusion to only up to 1 SUL band within a pair, like Rel-16/17

Proposal 7: RAN1 can consider limiting the maximum number of SUL bands to one within the indicated bands pair with Alt 2 based switching mechanism
· RAN1 can further discuss during and after RAN#97 whether the maximum number of SUL bands that can be configured within 3 or 4 configured bands is one or more

Limitation on multiple TAGs

In RAN1#109-e, following conclusion has been made related to introduction of multiple TAGs:

Conclusion
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2
Depending on the discussion and outcome in RAN4, it can be further considered in RAN1 if any additional limitation related to multiple TAGs is needed or not. In our view, at least for 3 or 4 bands, if agreed, and if Alt 2 is adopted for switching mechanism, then RAN1 can consider the restriction to allow indication of band pair belong to same TAG. Basically, if RAN4 agrees to introduce multiple TAGs, at least for 3 or 4 bands, then RAN1 can allow indicating band pair belonging to same TAG with Alt 2 based mechanism. This would ensure no additional impact is necessary, at least from RAN1 perspective. 

Proposal 8: RAN1 can consider limiting the indicated bands pair belonging to same TAG with Alt 2 based switching mechanism
· If and how multiple TAGs are supported for 3 or 4 bands is still up to RAN4

Conclusion
In this contribution, we have discussed our views on UL Tx switching enhancements for mor than 2 bands and have provided following proposals:
Proposal 1: RAN1 should agree to support Alt 2 for enhancing dynamic UL Tx switching by dynamically activating only a pair of bands from the 3 or 4 configured bands for Rel-18 dynamic UL Tx switching, if 3 or 4 bands are agreed to be supported

Proposal 2: RAN1 should consider the following procedure for Alt 2 based UL Tx switching mechanism in Rel-18, if 3 or 4 bands are agreed to be supported:
· Step 1: UE reports band combination with 3 and 4 bands for Rel-18 UL Tx switching
· Step 2: For the reported band combinations, either network can configure the UE with a table and each row of the table indicates a pair of bands selected from the 3 or 4 configured bands or UE can report such a table
· Step 3: Once the table is configured, then network can indicate UE with one pair from the table
· Step 4: Following the indication of a pair from the table, similar procedure as defined in Rel-16/Rel-17 can be applied and switching cases between the two bands in the indicated table can be scheduled, i.e., switching is allowed only between the two bands of the indicated pair

Proposal 3: RAN1 should consider supporting MAC CE based indication of a band pair from the 3 or 4 configured bands for Alt 2 based UL Tx switching mechanism in Rel-18
Proposal 4: RAN1 should agree to support both options including switched UL and dual UL for Alt 2 based UL Tx switching mechanisms in Rel-18

Proposal 5: RAN1 should consider further restriction in terms of minimum required duration between two consecutive updates of band pair for Alt 2 based UL Tx switching mechanism
 
Proposal 6: RAN 1 should agree to support only up to 1 band with up to 2 contiguous carriers for a band pair that is indicated for dynamic UL Tx switching with Alt 2 based switching mechanism
· No enhancement needed for intra-band CA with Alt 2 based UL Tx switching compared to Rel-17

Proposal 7: RAN1 can consider limiting the maximum number of SUL bands to one within the indicated bands pair with Alt 2 based switching mechanism
· RAN1 can further discuss during and after RAN#97 whether the maximum number of SUL bands that can be configured within 3 or 4 configured bands is one or more

Proposal 8: RAN1 can consider limiting the indicated bands pair belonging to same TAG with Alt 2 based switching mechanism
· If and how multiple TAGs are supported for 3 or 4 bands is still up to RAN4
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