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[bookmark: _Ref513464071]Introduction
RAN approved a new WI on multi-carrier enhancements [1]. The justification of the WI is to enable more efficient and flexible utilization of scattered spectrum bands. One potential area of improvement is the flexible allocation of uplink resources of multiple bands to a UE. Under existing specifications, dynamic allocation of resources from multiple bands is only possible if a UE is capable of simultaneous transmission on these bands. This means that for a typical UE that may be capable of 2 simultaneous UL transmissions, dynamic allocation is only possible over 2 UL bands.
Accordingly, the WID includes the following objective:
	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


This contribution discusses possible candidates for UL Tx switching scheme and how they may achieve the objective of the WID.
Switching schemes
The following schemes can be considered to support UL Tx switching scheme across up to 3 or 4 bands: 
Specifying scheduling restrictions
One approach is to rely entirely on the scheduler to prevent occurrences where the UE would have to transmit in excess of its capability. To handle possible cases where the UE would receive configuration/scheduling that would result in more than 2 Tx simultaneous transmission, one can then specify clauses of the type “When [situation X occurs], then the UE is not expected to transmit [on any carrier]”. This approach is used for taking into account switching gaps in scenarios supported in R16/R17 (section 6.1.6 of 38.214).  
The scheduler can use the following mechanisms to dynamically allocate UL resources in different UL bands while avoiding exceeding UE capability:
· DCI-based scheduling such as dynamic grants (for PUSCH) or assignments (for PUCCH) or CG type 2.
· SCell activation/deactivation
· UL BWP dynamic switching
DCI-based scheduling obviously brings a lot of flexibility due to possibility of triggering transmission on-demand. However, scheduling every single UL transmission only with DCI may not be efficient from PDCCH overhead perspective, especially when traffic follows a periodic pattern or for periodic link adaptation purpose. For such purposes, semi-statically configured resources such as configured grants or periodic SRS are better suited. However, once such resources are configured in certain occasions for an UL carrier, the scheduler loses flexibility to utilize other UL carriers in these occasions even if they may be better suited considering propagation and load conditions.
The network can also use SCell activation/deactivation to control which UL carrier(s) the UE utilizes without relying only on DCI-based scheduling. However, the latency of SCell activation/deactivation may be too high for certain scenarios. For example, the network may want to opportunistically use UL resources of a TDD carrier while they are available and revert to UL resources of other carriers at other times as illustrated below. 
The network could also configure two (or more) UL BWP’s for each carrier, where one of the UL BWP’s does not comprise any semi-statically configured resource. Using DCI-based BWP switching the network can turn on and off transmission on each carrier with lower latency than SCell activation/deactivation. Still, the latency may not be sufficiently low to support switching every time the direction of a TDD carrier changes and the DCI overhead to turn on and off every carrier can become significant.


Specifying prioritization rules
Another possible approach to support UL Tx switching is to specify which UL carriers or resources are to be used by the UE when there is overlap in resources exceeding its capability. This approach is also used in R16 to support uplink switching for EN-DC (section 6.1.6.1 of 38.214), in which it is specified that (subject to capability) NR uplink transmission is dropped if the UE is scheduled or configured to transmit any NR uplink transmission overlapping with an E-UTRA uplink transmission. Prioritization rules are also used when power reductions are required when the maximum transmission power would be exceeded. For grant selection, MAC sub-layer also specifies rules such as dynamic grant having priority over configured grant.
Specifying additional prioritization rules for the case of a UE configured with up to 3 or 4 uplink bands appears to be a good direction to support uplink switching in an efficient manner. It is anticipated that rules similar to what is currently supported at MAC or PHY could be reused or adapted to the scenario of switching. Rules should also enable the network to easily control which UL carrier is going to be used when multiple grants/resources overlap. For example, following  reception of DCI scheduling on an UL carrier the UE could determine that a configured grant on this carrier has higher priority.
Proposal: RAN1 to focus on specifying prioritization rules between uplink carriers for the support of UL Tx switching across 3 or 4 bands.
Conclusion.
This contribution proposed the following:
Proposal: RAN1 to focus on specifying prioritization rules between uplink carriers for the support of UL Tx switching across 3 or 4 bands.
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