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1. [bookmark: _Ref5850594]Introduction
At the RAN#94e meeting, a new WID on Multi-carrier enhancements (NR_MC_enh) was approved and it was revised at the RAN#96 meeting [1]. The objectives of the core part WI are shown below.
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
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: 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


The objective of the performance part WI is shown below.
	1. Specify RRM test cases related to core requirements on UL Tx switching schemes across up to 3 or 4 bands
[RAN4]



In addition, following proposal was agreed without changes at RAN#96 as guidance from RAN to RAN1/2/4 [2].
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall work focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 timeframein Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Other Further check additional scenarios as below can be discussed in RAN4#104e and RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



This contribution provides the work plan for the multi-carrier enhancements WI based on the WID.


2. Work plan
As shown in the WID objectives above, this WI has mainly two objectives, one is to specify a solution for multi-cell PDSCH/PUSCH scheduling with a single DCI led by RAN1, and another one is to study and (if necessary) specify UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs led by RAN1, RAN2 and RAN4. Since these two objectives are independent, the proposed work plan for each of the two objectives can be shown separately.

2.1	Work plan for specifying a solution for multi-cell PDSCH/PUSCH scheduling with a single DCI
	Schedule and TU
	Work plan

	RAN1#109e (1 TU)
	· Discuss and decide a high-level design principle/target for multi-cell PDSCH/PUSCH scheduling with the single DCI, including
· Target scenarios and assumptions
· Determination of the target maximum number of cells that can be scheduled by the single DCI simultaneously
· DCI design principle/framework
· Identify discussion points for future meetings, e.g., 
· DCI design enhancements, HARQ related enhancements, SS/monitoring capability related enhancements, any limitation on applicable scenario/operation, etc.

	RAN1#110 (1 TU)
	· Discuss and decide some detailed design for multi-cell PDSCH/PUSCH scheduling with the single DCI, including
· Identifying possible option(s) of necessary enhancement(s) (if any) on the DCI design for the single DCI scheduling multi-cell PDSCH/PUSCH
· Identifying possible option(s) of necessary enhancement(s) (if any) for HARQ related to multi-cell PDSCH scheduling with the single DCI
· Identifying possible option(s) of necessary enhancement(s) (if any) for search space set configurations and UE capability on PDCCH monitoring related to multi-cell PDSCH/PUSCH scheduling with the single DCI
· Identifying possible option(s) of necessary limitation(s)/enhancement(s) (if any) for applicable scenario/operation with multi-cell PDSCH/PUSCH scheduling with the single DCI

	RAN1#110bis (0.5 TU)
	· Discuss and decide some detailed design for multi-cell PDSCH/PUSCH scheduling with the single DCI, including
· Down-selection of necessary enhancement(s) (if any) for each field in the single DCI scheduling multi-cell PDSCH/PUSCH
· Down-selection of necessary enhancement(s) (if any) for HARQ related to multi-cell PDSCH scheduling with the single DCI
· Down-selection of necessary enhancement(s) (if any) for search space set configurations and UE capability on PDCCH monitoring related to multi-cell PDSCH/PUSCH scheduling with the single DCI
· Down-selection of necessary limitation(s)/enhancement(s) (if any) for applicable scenario/operation with multi-cell PDSCH/PUSCH scheduling with the single DCI
· Identify necessary new RRC parameter(s) and MAC-CE(s) for multi-cell PDSCH/PUSCH scheduling with the single DCI (if any)

	RAN1#111 (0.5 TU)
	· Finalize any remaining details on detailed design for multi-cell PDSCH/PUSCH scheduling with the single DCI, including new RRC parameter(s) and MAC-CE(s)
Note: RAN1 UE capability(es) will be discussed in later phase of Rel-18 together with those for other Rel-18 WIs
Note: RAN1 CR review will be performed in later phase of Rel-18 together with those for other Rel-18 WIs



2.2	Work plan for studying and if necessary specifying UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs
	Schedule and TU
	Work plan

	RAN1#109e (1 TU)
	· Discuss the benefit/gain and the high-level views on the necessary impacts for the UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including
· Clarification on the applicable scenarios of this enhancement (e.g., band type and number of carriers in a band) and the applicable switching configurations (e.g., relationship between each Tx chain and bands)
· Discuss high-level views on the necessary RAN1 impacts for the UL Tx switching schemes across up to 3 or 4 bands, and identify discussion points for future meetings, e.g., 
· How to support more switching cases than Rel-16/17 (such as whether/how to reuse Rel-16/17 mechanisms and how to solve more ambiguous cases than those in Rel-17), whether/how to support “UL only carrier without corresponding DL carrier”, whether/how to support UL Tx switching with multiple TAGs, etc.

	RAN1#110 (1 TU)
RAN2#119 (0.5 TU)
RAN4#104 (RF:0.25 TU)
	RAN1
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including
· Discussing and if possible, deciding whether to support UL Tx switching across up to 3 bands, up to 4 bands or not
· Identifying possible option(s) of switching mechanism across 3 or 4 bands and discussing pros/cons of each possible option for potential down selection
· Identifying potential solutions for addressing 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 and discussing pros/cons of each potential solution for potential down selection
RAN2
· Discuss high-level views on the necessary RAN2 impacts for the UL Tx switching schemes across up to 3 or 4 bands, and identify discussion points for future meetings, including 
· UE capability and RRC configuration related signaling
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
RAN4
· Discuss high-level views on the necessary RAN4 impacts for the UL Tx switching schemes across up to 3 or 4 bands, and identify discussion points for future meetings, including
· Switching time, UE/gNB complexity and other RF aspects for UL Tx switching across up to 3 or 4 bands
· 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
· Feasibility and potential impacts to support UL Tx switching with multiple TAGs

	RAN1#110bis (0.5 TU)
RAN2#119bis (0.25 TU)
RAN4#104bis (RF:0.5 TU, RD:0.25 TU)
	RAN1
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including
· Deciding whether to support UL Tx switching across up to 3 bands, up to 4 bands or not
· Down-selection of switching mechanism(s) across 3 or 4 bands, if supported
· Down-selection of solution(s) for addressing 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, if supported
· Discussion and potential down-selection of switching configurations for Rel-18 UL Tx switching, if supported
· Identify necessary new RRC parameter(s) and MAC-CE(s) for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs (if any)
RAN2
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands, including
· Identifying possible option(s) of UE capability for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios (e.g., required UE capability conditions)
· Identifying possible option(s) of RRC configuration for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios
RAN4
· Discuss and decide some detailed RAN4 impacts for UL Tx switching schemes across up to 3 or 4 bands, including
· Identifying possible option(s) of switching time and other RF aspects, and RRM requirements for UL Tx switching across up to 3 bands first, and then up to 4 bands
· Finalization of the investigation on the feasibility and potential impacts to support UL Tx switching with multiple TAGs, and identifying possible option(s) of necessary enhancements (if any) to support UL Tx switching with multiple TAGs if supported

	RAN1#111 (0.5 TU)
RAN2#120 (0.25 TU)
RAN4#105 (RF:0.5 TU, RD:0.5 TU)
	RAN1
· Finalize any remaining details on detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including new RRC parameter(s) and MAC-CE(s)
RAN2
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands, including
· Down-selection of necessary enhancements of UE capability for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios (e.g., required UE capability conditions)
· Down-selection of necessary enhancements of RRC configuration for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios
RAN4
· Discuss and decide some detailed RAN4 impacts for UL Tx switching schemes across up to 3 or 4 bands, including
· Down-selection of necessary enhancements of switching time and other RF aspects, and RRM requirements for UL Tx switching across up to 3 bands first, and then up to 4 bands
· Down-selection of necessary enhancements to support UL Tx switching with multiple TAGs if supported

	RAN2#121 (0.5 TU)
RAN4#106 (RF:0.5 TU, RD:0.5 TU)
	RAN2
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands, including
· Down-selection of necessary enhancements of UE capability for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios (e.g., required UE capability conditions)
· Down-selection of necessary enhancements of RRC configuration for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios
RAN4
· Finalize any remaining details on necessary RAN4 impacts for UL Tx switching schemes across up to 3 or 4 bands

	RAN2#121bis (0.25 TU)
	· Discuss and resolve any remaining details on detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs

	RAN2#122 (0.25 TU)
	· Finalize any remaining details on detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs

Note: RAN1/4 UE capability(es) will be discussed in later phase of Rel-18 together with those for other Rel-18 WIs
Note: RAN1/2/4 CR review will be performed in later phase of Rel-18 together with those for other Rel-18 WIs

	RAN4#108bis (RD: 0.25 TU)
	· Discuss and specify RRM test cases related to core requirements on UL Tx switching schemes across up to 3 or 4 bands

	RAN4#109 (RD:0.25 TU)
	· Discuss and specify RRM test cases related to core requirements on UL Tx switching schemes across up to 3 or 4 bands
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