3GPP TSG RAN WG1 #110		                               	     R1-2206664
Toulouse, France, August 22nd – 26th, 2022

Agenda Item:	9.10.2
Source:	InterDigital Inc.
Title:	Multi-carrier UL Tx switching scheme
Document for:	Discussion and Decision
[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.
In RAN1#109-e, RAN1 had initial discussions on possible switching configurations and mechanisms. This contribution proposes a switching mechanism after considering different possible options. 
Switching schemes
The following schemes can be considered to support UL Tx switching scheme across up to 3 or 4 bands: 
Specifying scheduling restrictions with existing signaling
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, this prevents scheduling on corresponding DL carrier(s), and may lead to interruptions and activations delay.  
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. However, this requires the UE to support dynamic BWP switching feature and would consume an UL BWP for the only purpose of removing UL resources on the carrier.
Observation: Scheduling flexibility may be restricted if UL Tx switching is only supported by using existing signaling
Defining an active subset of UL carriers
The above limitations could be overcome by specifying a mechanism allowing the network to directly control the subset of UL carriers over which the UE transmits, i.e. a “prioritized” (or active) set of UL carriers. For UL carriers outside of this subset, the UE does not transmit on the semi-statically configured resources (e.g. configured grants or SRS) and does not expect to receive dynamic signaling scheduling a transmission. The network can then indicate and/or update the prioritized subset of UL carriers using MAC CE or DCI while ensuring that the UE capability is not exceeded (including required switching times).
Proposal 1: UE only transmits on UL carriers that belong to a prioritized subset of configured UL carriers.
Proposal 2: MAC or DCI signaling can update the prioritized subset of UL carriers.
For the indication or update of the prioritized subset of configured UL carriers, several options can be envisioned, e.g.:
a) MAC CE explicitly indicating the prioritized subset;
b) DCI explicitly indicating the prioritized subset (signaling could be analogous to dormant DL BWP);
c) Prioritized subset includes UL carrier(s) indicated by latest received DCI.

These options could be further investigated in a next step. One may also consider that the UL carrier of the PCell is always in the prioritized subset.
Conclusion.
This contribution proposed the following:
Observation: Scheduling flexibility may be restricted if UL Tx switching is only supported by using existing signaling.
Proposal 1: UE only transmits on UL carriers that belong to a prioritized subset of configured UL carriers.
Proposal 2: MAC or DCI signaling can update the prioritized subset of UL carriers.
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Appendix
[RAN1#109-e]
Conclusion
· If Rel-18 UL Tx switching is supported, following assumption is applied for Rel-18 UL Tx switching across up to 3 or 4 bands
· Only when the two Tx chains are linked to one NR band, the 2-ports UL transmission on the NR band is possible
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
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
RAN1 Observation
Following possible switching configurations can be considered, and RAN1 may discuss if any of the following switching configurations need to be supported after making some progress on the discussion on the switching mechanism
· For 3 bands case
· Switching configuration.3-1: all the 3 bands support up to 2Tx
· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx
· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx
· For 4 bands case
· Switching configuration.4-1: all the 4 bands support up to 2Tx
· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 
· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 
· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 
· Note: separate switching configuration for switched UL and dual UL is not precluded
· Note: In addition to the UE/gNB complexity reduction, performance reduction caused by any scheduling restriction can also be taken into account
· Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands. 

[WID 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



