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Introduction
The updated WID [1] tasks RAN1 to work on 4 separate topics. This contribution initiates the Stage 2 CR drafting, while it is expected that more work is still needed on the design aspects before it is possible to finalize the Stage 2 CR.
	The objective of this work item is to investigate enhancements to DC and CA. At least the following topics should be considered in the work:
1. [bookmark: _Hlk516787901]Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signalling to support of enhanced NR-NR DC [RAN2]
· Core requirements to support enhanced NR-NR DC [RAN4]
Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 
2. Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode
· The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable
3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode
4. Fast recovery: Support fast recovery of MCG link e.g. by utilizing the SCG link and split SRBs for recovery during MCG failure while operating under MR-DC. [RAN2, RAN3]
· This objective applies to MR-DC and NR-NR DC
5. Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]
· This objective applies to CA only.
· Target completion by RAN#84.
6. Study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC, such as allowing all DL and UL subframes for data transmission for both NR and LTE. [RAN1].
7. Enable the Release 15 behaviour of “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” to apply to dual uplink EN-DC, possibly including any conclusions on the previous objective (6) for LTE FDD Pcells [RAN1].
8. Specify the interruption requirements for EN-DC and NE-DC related to features added during the Rel-15 LTE euCA WI [RAN4]
Note: UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG



Scheduling timeline for cross-numerology scheduling 
Support of asynchronous and synchronous NR-NR DC
Stage 2 specifications are sufficiently high level in Rel-15 that it appears that nothing is needed for the FR1-FR1 DC in Stage 2.
NR-NR dual connectivity in TS38.300 [3]
	[bookmark: _Toc5707172]6.8	Dual Connectivity
When the UE is configured with SCG, the UE is configured with two MAC entities: one MAC entity for the MCG and one MAC entity for the SCG. Further details of DC operation can be found in TS 37.340 [21].



NR-NR dual connectivity in TS37.340 [4]
	[bookmark: _Toc5705121]4.1.3.3	NR-NR Dual Connectivity
NG-RAN supports NR-NR Dual Connectivity (NR-DC), in which a UE is connected to one gNB that acts as a MN and another gNB that acts as a SN. The master gNB is connected to the 5GC via the NG interface and to the secondary gNB via the Xn interface. The secondary gNB might also be connected to the 5GC via the NG-U interface. In addition, NR-DC can also be used when a UE is connected to two gNB-DUs, one serving the MCG and the other serving the SCG, connected to the same gNB-CU, acting both as a MN and as a SN.
< Non-relevant part not included >
[bookmark: _Toc5705134]5	Layer 1 related aspects
In MR-DC, two or more Component Carriers (CCs) may be aggregated over two cell groups. A UE may simultaneously receive or transmit on multiple CCs depending on its capabilities. The maximum number of configured CCs for a UE is 32 for DL and UL. Depending on UE's capabilities, up to 31 CCs can be configured for an E-UTRA cell group when the NR cell group is configured. For the NR cell group, the maximum number of configured CCs for a UE is 16 for DL and 16 for UL.
A gNB may configure the same Physical Cell ID (PCI) to more than one NR cell it serves. To avoid PCI confusion for MR-DC, NR PCIs should be allocated in a way that an NR cell is uniquely identifyable by a PCell identifier. This Pcell is in the coverage area of an NR cell included in the MR-DC operation. In addtion, NR PCIs should only be re-used in NR cells on the same SSB frequency sufficiently distant from each other. X2-C/Xn-C signalling supports disambiguation of NR PCIs by including the CGI of the PCell in respective X2AP/XnAP messages (e.g. SGNB ADDITION REQUEST/S-NODE ADDITION REQUEST) and by providing neighbour cell relationship via non-UE associated signaling (e.g. via the Xn Setup procedure or the NG-RAN node Configuration Update procedure).



Observation: The NR-NR DC part of the work item does not require any Stage 2 input from RAN1

Efficient and low latency serving cell configuration/activation/setup
Stage 2 specification on CA is also high level, but depending on the solution adopted for the efficient serving cell configuration/activation/setu, it seems likely that are sufficiently high level in Rel-15 that it appears that nothing is needed for the FR1-FR1 DC in Stage 2. However, at this stage of the WI it is not yet possible to provide a proposal.
	
Carrier Aggregation in TS38.300 [3]
	[bookmark: _Toc5707129][bookmark: _Toc5707153]5		Physical Layer
< Non-relevant part not included >
5.4.1	Carrier aggregation
In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit on one or multiple CCs depending on its capabilities. CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells that can be aggregated. The maximum number of configured CCs for a UE is 16 for DL and 16 for UL.
< Non-relevant part not included >
[bookmark: _Toc5707156]6		Layer 2
< Non-relevant part not included >
[bookmark: _Toc5707171]6.7	Carrier Aggregation
In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving cell as depicted on Figures 6.7-1 and 6.7-2 below:
-	In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per assignment/grant per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped to a single serving cell.
< Non-relevant part not included >
[bookmark: _Toc5707175]7		RRC
< Non-relevant part not included >
[bookmark: _Toc5707185]7.7	Carrier Aggregation
When CA is configured, the UE only has one RRC connection with the network. At RRC connection establishment/re-establishment/handover, one serving cell provides the NAS mobility information, and at RRC connection re-establishment/handover, one serving cell provides the security input. This cell is referred to as the Primary Cell (PCell). Depending on UE capabilities, Secondary Cells (SCells) can be configured to form together with the PCell a set of serving cells. The configured set of serving cells for a UE therefore always consists of one PCell and one or more SCells.
The reconfiguration, addition and removal of SCells can be performed by RRC. At intra-NR handover, RRC can also add, remove, or reconfigure SCells for usage with the target PCell. When adding a new SCell, dedicated RRC signalling is used for sending all required system information of the SCell i.e. while in connected mode, UEs need not acquire broadcast system information directly from the SCells.



Observation: The Efficient and low latency serving cell configuration/activation/setup will require a Stage 2 update, but it is not yet possible to propose any text due to the immaturity of the work.

Cross-carrier scheduling with different numerologies
The stage 2 specification does not mention cross-carrier scheduling at all. However, the specification rapporteur has submitted a CR to RAN2#106 to introduce a sub-clause describing cross-carrier scheduling in the Rel-15 TS38.300 [2]. Assuming this CR is agreed, the cross-carrier scheduling with different numerologies should update the last bullet and potentially indicate what is different when the CCS is applied to different numerologies:
Cross Carrier Scheduling in TS38.300 [2]
	[bookmark: _Toc12623309]10.8	Cross Carrier Scheduling
Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-	Cross-carrier scheduling does not apply to PCell i.e. PCell is always scheduled via its PDCCH;
-	When an SCell is configured with a PDCCH, that cell’s PDSCH and PUSCH are always scheduled by the PDCCH on this SCell;
-	When an SCell is not configured with a PDCCH, that SCell’s PDSCH and PUSCH are always scheduled by a PDCCH on another serving cell;
-	The scheduling PDCCH and the scheduled PDSCH/PUSCH are using the same numerology.



Observation: The restriction of the last bullet in 10.8 of 38.300 is lifted in the Rel-16 cross carrier scheduling with different numerologies, and a corresponding CR to 38.300 is needed. A proposed text is provided in Annex A

Single Tx switched uplink solution
Similar to NR-NR DC, the Single Tx Switched uplink is not visible on the Stage 2 level, and thus the extension to it would not require any stage 2 specification changes.
Observation: The Single Tx switched uplink part of the work item does not require any Stage 2 input from RAN1

LTE DL HARQ timing with dual uplink EN-DC
RAN#84 in June 2019 introduced this new target to the work item.
7.	Enable the Release 15 behaviour of “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” to apply to dual uplink EN-DC, possibly including any conclusions on the previous objective (6) for LTE FDD Pcells [RAN1].

Similar to NR-NR DC and the Single Tx Switched uplink, the reference TDD pattern is not visible on the Stage 2 level, and thus the extension to it would not require any stage 2 specification changes.
Observation: The LTE DL HARQ timing with dual uplink EN-DC part of the work item does not require any Stage 2 input from RAN1
Conclusions
On the RAN1 input towards the stage 2 specifications for the 4 sub-features worked on the MR DC-CA enhancements work item, the following observations are made
Observation: The NR-NR DC part of the work item does not require any Stage 2 input from RAN1
Observation: The Efficient and low latency serving cell configuration/activation/setup will require a Stage 2 update, but it is not yet possible to propose any text due to the immaturity of the work.
Observation: The restriction of the last bullet in 10.8 of 38.300 is lifted in the Rel-16 cross carrier scheduling with different numerologies, and a corresponding CR to 38.300 is needed. A proposed text is provided in Annex
Observation: The Single Tx switched uplink part of the work item does not require any Stage 2 input from RAN1
Observation: The LTE DL HARQ timing with dual uplink EN-DC part of the work item does not require any Stage 2 input from RAN1

A starting point for the stage 2 TP for the cross-carrier scheduling with different numerologies is provided in the Annex for further discussion.
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Annex – Cross Carrier Scheduling with different numerologies 
10.X	Cross Carrier Scheduling
Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-    Cross-carrier scheduling does not apply to PCell i.e. PCell is always scheduled via its PDCCH;
-    When an SCell is configured with a PDCCH, that cell’s PDSCH and PUSCH are always scheduled by the PDCCH on this SCell;
-    When an SCell is not configured with a PDCCH, that SCell’s PDSCH and PUSCH are always scheduled by a PDCCH on another serving cell;
-	The scheduling PDCCH and the scheduled PDSCH/PUSCH are using the same numerology.
When Cross-carrier scheduling is so that the carrier with the scheduling PDCCH and the carrier with the scheduled PDSCH/PUSCH have a different numerology,
- The PDCCH-to-PxSCH timing is determined differently than if the numerologies are the same;
- …
 



