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1. Introduction
During RAN2 #97bis meeting, it was agreed that stage 2 signaling procedures for LTE/NR tight interworking options 3, 4, 7 should be captured in TS 37.340. 
In this paper, we discuss whether for LTE/NR tight interworking signaling procedures to be captured in TS 37.340, we can build on top of legacy DC procedures in LTE, with the necessary enhancements. 
2. Discussion
2.1. General
In our view, at least the following features (agreed in NR SI phase) will impact the Stage 2 signaling procedures for all LTE/NR tight interworking options 3, 4 and 7 (now also referred to as Multi-RAT DC (MR-DC) options [1]).
1) Dual RRC/RRM
Differently from LTE DC operation, in LTE/NR tight interworking, since MN and SN belonging to different RATs have separate RRC/RRM functions, both MN/SN can generate final RRC PDUs and MN/SN are not required to understand the content of the RRC PDU generated by the other node. In addition, based on the separate RRM, compared to LTE DC, some more SN initiated procedures will be introduced (e.g. SN initiated SN change).
2) SCG SRB
SCG SRB is useful for the case of direct RRC signaling between SN and UE, e.g. to shorten time latency. This might also impact stage 2 signaling procedures.
3) SCG split bearer
In order to support LTE/NR tight interworking option 3x and 7x, SCG split bearer as a new bearer type has been induced. When establishing a SCG split bearer, TNL address for both DL and UL should be provided.
4) MCG split SRB
In order to improve the robustness of RRC signaling, the MCG split SRB has been introduced. Thus some enhancement should be considered in the related procedure to support the establishment of MCG split SRB.
5) PDU-session-related and QoS information
In LTE, an E-RAB is one-to-one mapped to DRB; however, in case of LTE/NR tight interworking options 4 and option 7 (i.e. MR-DC with 5GC), PDU-session-related and QoS information are used in 5GC instead of E-RAB. Since a single PDN session can include one or more QoS flows which can be mapped to a certain DRB, a PDN session is no longer restricted to a one-to-one mapping to one DRB. More study is required to understand on the impact caused by the new QoS architecture and some analysis and views can be found in [2].
In the following section, we further discuss how the above new features influence all the LTE/NR tight interworking options.
2.2. Enhancing LTE DC procedures for LTE/NR tight interworking
In this section, we discuss whether for LTE/NR tight interworking signaling procedures we can build on top of legacy DC procedures in LTE, with above enhancements, if needed.
1. [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Secondary Node Addition
The SN addition procedure is initiated by the MN and is used to establish a UE context at the SN in order to provide radio resources from the SN to the UE. This procedure is used to add at least the initial SCG serving cell (PSCell) and SCG radio link. It is straightforward that the current steps and sequences in TS36.300 can be reused for EN-DC procedure. However, some enhancement is needed as below.
Dual RRC/RRM:  The Dual RRC/RRM will bring impacts on the following steps.
In step 1(i.e., Secondary node Addition Request message from MN to SN), “SCG-ConfigInfo” in the Container is not suitable in MR-DC, since SN will not interpret MN’s RRC signaling (i.e., other RAT’s RRC signaling). So, instead of the RRC container, a new Xx AP message (e.g., named” SCG-AssistanceInfo”) is suggested.
In step 2 (i.e., Secondary node Addition Request Acknowledge message from SN to MN), for the same reason as in step 1, “SCG-Config” as Xx AP signaling is also not suitable. Instead, a new RRC container (e.g., named “SgNB self-encoded NR RRC message” in the EN-DC case) is suggested.
In step 3 (i.e., RRCConnectionReconfiguration message from MN to UE), the MN sends two RRC messages (i.e., one from itself, another is the SgNB self-encoded NR RRC message from the SN) to the UE.
In step 4(i.e., RRCConnectionReconfigurationComplete message from UE to MN), the UE sends two RRC messages, one to the MN and another including e.g. “encoded NR RRC message for SgNB” (in the EN-DC case) to the SN.
In step 5 (i.e., SgNB Reconfiguration Complete message from MN to SN), this Xx AP message includes encoded NR RRC message for SgNB.  
SCG split bearer: It is up to MN to determine the bearer type, including the SCG split bearer, and some related information needs to be exchanged between MN and SN. More study is required whether and how to negotiate the QoS handling for SCG split bearer.
SCG SRB: It is up to SN to determine whether the SCG SRB should be established, and some related information needs to be exchanged between MN and SN. It’s FFS whether the MN can require the establishment of SCG SRB.
MCG split SRB: It is up to MN to determine whether the MCG split SRB should be established, and some related information needs to be exchanged between MN and SN.
PDU-session-related and QoS information: More study is required to understand the impact caused by the new QoS architecture, and some analysis and views can be found in [2].
2. Secondary Node Modification (MN/SN initiated)
The SN Modification procedure may be initiated either by the MN or by the SN and be used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SN or to modify other properties of the UE context within the same SN. The SN modification procedure does not necessarily need to involve signaling towards the UE.
Dual RRC/RRM: It also implies impacts on this procedure, similarly to Secondary node addition procedure.
SCG SRB: SN initiated SN modification procedure can be processed based on the SCG SRB without involving the MN.
SCG split bearer: Modification, establishment or release of bearer contexts for SCG split bearer should be supported.
PDU-session-related and QoS information: More study is required to understand the impact caused by the new QoS architecture, and some analysis and views can be found in [2].
3. Secondary Node Release (MN/SN initiated)
The SN Release procedure may be initiated either by the MN or by the SN and is used to initiate the release of the UE context and relevant SCG resources at the SN. The recipient node of this request cannot reject. The legacy procedure in LTE DC can be reused as baseline. For MR-DC, some change on the UP switch procedure will be required (e.g. PDU Session path update procedure instead of path update procedure). 
4. Change of Secondary Node
The SN change procedure is initiated by the MN and used to transfer a UE context from the source SN to a target SN and to change the SCG configuration in UE from one SN to another. 
SN initiated SN change procedure should be introduced. Since the SN addition/release procedure will be used in the SN change, the enhancements for these procedures will be involved as well. 
5. SCG change
The legacy procedure in LTE DC can be reused as baseline.
Dual RRC/RRM: Similar as SN addition, the SN encoded RRC message will be used to carry the configuration from SN side.
SCG split bearer: SCG split bearer related bearer type change should be supported by SCG change, detail is FFS. 
PDU-session-related and QoS information: More study is required to understand the impact caused by the new QoS architecture, and some analysis and views can be found in [2].
6. Inter-Master Node handover without Secondary Node change
Inter-MN handover without SN change is used to transfer UE context data from a source MN to a target MN while the UE context at the SN is kept.
The legacy procedure in LTE DC can be reused with some enhancements (e.g. for MR-DC with 5GC, some changes are needed, e.g., PDU Session Path Switch procedure instead of S1 Path Switch procedure). 
Dual RRC/RRM: Similar as SN addition, the SN encoded RRC message will be used to carry the configuration from SN side.
SCG split bearer: Data forwarding for SCG split bearer should be supported.
PDU-session-related and QoS information: More study is required to understand the impact caused by the new QoS architecture, and some analysis and views can be found in [2].
7. Master Node to eNB/gNB Change 
Similar to DC in LTE, the MN to eNB/gNB Change procedure is used to transfer UE context data from a source MN/SN to a target eNB/gNB.
LTE DC can be reused as baseline. 
The enhancement indicated in SN release should be considered here as well.
SCG split bearer: Data forwarding for SCG split bearer should be supported.
8. eNB/gNB to Master Node change
The eNB/gNB to MN change procedure is used to transfer UE context data from a source eNB/gNB to a target MN that adds an SN during the handover.
LTE DC can be reused as baseline. For MR-DC, some change on the UP switch procedure will be required (e.g. PDU Session path update procedure instead of path update procedure).
The enhancement indicated in SN addition should be considered here as well.
9. Intra-Master Node handover
This procedure is used to perform handover within the same MN while keeping the SCG in the same SN.
SN RRC signaling: SN RRC message will be used to carry the configuration of SN side. 
PDU-session-related and QoS information: More study is required to understand the impact caused by the new QoS architecture, and some analysis and views can be found in [2].
When the MN is a gNB (i.e. for NE-DC / option 4), and maybe also then the MN is an eNB connected to 5GC (i.e. for NGEN-DC / option 7), since the security key may remain after the intra-MN handover, the SCG change may be not needed (i.e. intra MN handover without SCG change).
3. Conclusion
After above analysis on each stage 2 signaling procedure for MR-DC, we suggest the following proposals: 
Proposal 1: Base the following procedures for LTE/NR tight interworking (i.e. MR-DC) on the corresponding LTE DC procedures.
· Secondary Node Addition
· Secondary Node Modification (MN/SN initiated)
· Secondary Node Release (MN/SN initiated)
· Change of Secondary Node (which for MR-DC can also be SN initiated)
· SCG change 
· Inter-Master Node handover without Secondary Node change
· Master Node to eNB/gNB Change
· eNB/gNB to Master Node change
· Intra-Master Node handover involving SCG change
Proposal 2: Introduce the needed enhancements in LTE/NR tight interworking (i.e. MR-DC) procedures to support the following functions:
· Dual RRC/RRM 
· SCG split bearer
· SCG SRB
· MCG split SRB
· PDU-session-related and QoS information 
The initial TPs for EN-DC and MR-DC with 5GC can be found in [3] and [4] accordingly.
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