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1	Introduction
[bookmark: _Ref178064866]Efficient and low latency serving cell configuration, activation and setup is one of the objectives of eDC/CA enhancement WI. 
1. Efficient and low latency serving cell configuration/activation/setup: Minimizing signaling 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

A number of enhancements such as MCG SCell and SCG configuration with resume and early measurements configuration and reporting are under discussion to improve the efficiency and reduce latency of cell configuration and setup.
Even though coexistence of LTE and NR and inter-RAT mobility were taken into account in enhancement under discussion for Idle and connected mode, the possible improvement when considering inter-RAT mobility while in Inactive mode were not yet discussed. In this contribution, we would like to open the discussion for possible Inactive mode enhancements in inter-RAT scenario. 

2. Discussion
RRC_INACTIVE was introduced to allow for fast connection configuration while maintaining the UE power saving. It is likely that many UEs would be in RRC_INACTIVE state in the NR system. The initial NR network is to be deployed as a capacity boost. Thus the NR network may see some coverage whole. The UE is likely to be moved in and out of NR cell while in NR INACTIVE state especially in the initial NR deployment. 
Observation 1: The UE is likely to move in and out of NR coverage while in RRC_INACTIVE. 

According to the current specification (TS 38.331), the UE performs the actions upon going to RRC_IDLE (with release cause other) if the UE in INACTIVE reselects to an inter-RAT cell. The UE will leave RRC_INACTIVE, discard the cell reselection priority information, discard the UE Inactive AS context, release radio resources and indicate the release of the RRC connection to upper layer. Considering that TA of the selected inter-RAT is not within the TA-list of the UE, the UE will trigger RRC connection for TAU in the selected RAT. The new RAT will again send the UE back to Inactive state. If the UE finds a NR cell, the UE performs the actions upon going to RRC_Idle in the new RAT. The procedures according to current specification result in a lot of signalling, which could have avoided if the UE kept in Inactive state after Inter-RAT reselection. Moreover, the UE releases any stored information upon reselecting to another RAT according to the current specification. If the Inactive AS context is kept, the UE can use the stored information to speed up the configuration when resume in the NR network. 
Observation 2: according to the current specification, upon reselect to another RAT from Inactive results in a) a lot of signalling, which could have avoided if kept in Inactive b). release of inactive AS context, which could have kept and use for fast resume when back to NR network.  

As per Observation 2, allowing the inter-RAT mobility in Inactive state can save signalling and speed up the configuration when resuming. One possible way to allow the inter-RAT mobility in Inactive state is to configure RNA to be consisted of cells from NR and LTE. This can be configured at RAN level integration or at TAU level. The UE should be able to be reached in either LTE and NR network. We discuss a simple way to enable inter-RAT mobility in Inactive mode below. 
[bookmark: _GoBack]Proposal 1: RAN2 is requested to consider the inter-RAT mobility in Inactive state in order to save signalling and speed up the configuration when resuming.
In NR, RAN-Notification Area can be configured as either list of cell or TAs. It is a CHOICE structure as shown in ASN.1. The UE can be paged via NG-RAN paging or by CN paging which triggers RRCResume procedure  accordingly.
RAN-NotificationAreaInfo ::=        CHOICE {
    cellList                            PLMN-RAN-AreaCellList,
    ran-AreaConfigList                  PLMN-RAN-AreaConfigList,
    ...
}

PLMN-RAN-AreaCellList ::=           SEQUENCE (SIZE (1.. maxPLMNIdentities)) OF PLMN-RAN-AreaCell

PLMN-RAN-AreaCell ::=               SEQUENCE {
    plmn-Identity                       PLMN-Identity                                                           OPTIONAL,   -- Need S
    ran-AreaCells                       SEQUENCE (SIZE (1..32)) OF  CellIdentity
}

PLMN-RAN-AreaConfigList ::=         SEQUENCE (SIZE (1..maxPLMNIdentities)) OF PLMN-RAN-AreaConfig

PLMN-RAN-AreaConfig ::=             SEQUENCE {
    plmn-Identity                       PLMN-Identity                                                           OPTIONAL,   -- Need S
    ran-Area                            SEQUENCE (SIZE (1..16)) OF  RAN-AreaConfig
}

RAN-AreaConfig ::=                  SEQUENCE {
    trackingAreaCode            TrackingAreaCode,
    ran-AreaCodeList            SEQUENCE (SIZE (1..32)) OF  RAN-AreaCode        OPTIONAL    -- Need R
}

-- TAG-RRCRELEASE-STOP

In order to allow for inter-RAT mobility while in Inactive mode, RAN notification Area should be consisted of both NR and LTE cells. For NR, the cell list or TA list can be provided. For LTE, it is sufficient to provide the TA list. If the UE has moved to LTE network while in Inactive, the UE can be reached by CN paging. RNA configuration is illustrated in Figure 1. The UE is provided with NR-RNA and LTE TA list when releasing to NR-Inactive state.
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Figure 1: The UE is provided with LTE TA list and NR RNA when releasing to NR INACTIVE

Upon the NR-Inactive UE moved to a LTE cell, the UE doesn’t perform the TAU unless it is out of LTE-TA lists provided when releasing to the Inactive state in NR. The UE stores the NR Inactive AS context and monitors CN paging while camping in LTE network. If the UE is required to establish a connection with the LTE network (eg. In response to paging or mobile originated call), the UE releases the stored AS context and performs the connection establishment procedure. Similarly if the UE moves out of TA, the UE performs TAU procedure.   
If the UE doesn’t require to establish a connection with LTE network and the UE reselects back to a NR cell, the UE has the stored inactive AS context which is used to resume the connection in NR network. The UE behaviour with different scenarios are summarised as:
A: the UE camps on NR cells while in Inactive state: no change to the specification.
B: the UE camps on LTE cell belongs to TA list provided: the UE stores Inactive AS context and monitors CN paging.
C: the UE reselects a NR cell: the UE is considered to be in NR Inactive and has stored AS context. If the selected cell is out of RNA, the UE performs RNA update. No change to the specification.
D: the UE camps on LTE cell and requires a connection establishment (eg. MO call, MT call, TAU): the UE performs connection establishment from Idle (eg: releases stored AS context). No change to the specification.
The UE behaviour A to D can be achieved with providing the LTE TA list when the UE is released to Inactive in NR network. The advantage of this procedure is a) to avoid unnecessary signalling for TAU in LTE network b) Fast connection resumption when the UE moved back to the NR network.
Proposal 2: The UE should be provided with LTE TA list as well as NR RNA when the UE is released to NR Inactive. 
· If the UE camps in LTE cell belongs to the TA list provided, the UE stores NR Inactive AS context and monitors CN paging.
· If the UE camps on LTE cell and requires a connection establishment (eg. MO call, MT call, TAU), the UE performs connection establishment from Idle (eg. Releases stored AS context).
· If the UE reselects to NR cell, the UE is in NR Inactive state and performs RRC resume using the stored inactive AS context.

If the UE is provided with LTE TA list and NR RNA as per proposal 2, the UE should be paged with NR Ran paging as well as LTE CN paging. This would allow the network to reach the UE even if the UE has camped on LTE cell while in NR Inactive state. Considering the benefits of reduced signalling and fast connection setup, we believe the extra paging in LTE network should not be considered as a major drawback. 
RAN specification impacts introduced by Proposal 1 and 2 are not significant. However, aspects related to the CN paging is outside of RAN WG2, thus the relevant CN WGs should be contacted for feasibility if proposal 1 and 2 are agreed. 

[bookmark: _Ref189046994]3	Conclusion
In this contribution, we have discussed the necessity for support of inter-RAT mobility in Inactive state for reduce signalling and fast connection setup. The following observations and proposals were made.
Observation 1: The UE is likely to move in and out of NR coverage while in RRC_INACTIVE. 
Observation 2: according to the current specification, upon reselect to another RAT from Inactive results in a) a lot of signalling, which could have avoided if kept in Inactive b). release of inactive AS context, which could have kept and use for fast resume when back to NR network.  
Proposal 1: RAN2 is requested to consider the inter-RAT mobility in Inactive state in order to save signalling and speed up the configuration when resuming.
Proposal 2: The UE should be provided with LTE TA list as well as NR RNA when the UE is released to NR Inactive. 
· If the UE camps in LTE cell belongs to the TA list provided, the UE stores NR Inactive AS context and monitors CN paging.
· If the UE camps on LTE cell and requires a connection establishment (eg. MO call, MT call, TAU), the UE performs connection establishment from Idle (eg. Releases stored AS context).
· If the UE reselects to NR cell, the UE is in Nr Inactive state and performs RRC resume using the stored inactive AS context.
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