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Abstract of the contribution: This contribution shows a way forward for coexistence between RRC inactive and dual connectivity features.
1
Discussion
SA2 has introduced the RRC inactive feature and Dual connectivity feature in Rel-15.
It is though still to be determined how these two features coexist. In particular, the following aspect need to be considered: When a RAN node moves a UE to RRC inactive the CM state is CM-CONNECTED, and N2/N3 are kept active. This means MT data received at the UPF is sent directly via N3.
On the other hand, as described in TS 23.501 clause 5.11.1:
Dual connectivity provides the possibility for the Master RAN to request SMF:

-
For some or all PDU sessions of an UE: Direct all the DL User Plane traffic of the PDU session to the either the Master RAN Node or to the Secondary RAN Node. In this case, there is a single N3 tunnel termination at the RAN for such PDU session.

NOTE:
The terminating RAN Node, can decide to keep traffic for specific QFI(s) in a PDU session for a UE on a single RAT, or split them across the two RATs.

-
For some other PDU sessions of an UE: Direct the DL User Plane traffic of some QoS flows of the PDU session to the Secondary (respectively Master) RAN Node while the remaining QoS flows of the PDU session are directed to the Master (respectively Secondary) RAN Node. In this case there are, irrespective of the number of QoS Flows, two N3 tunnel terminations at the RAN for such PDU session.

Therefore, as per current specification, there may be cases where the UE is in RRC inactive and MT data is received via N3 by the secondary RAN node. It is not yet specified how RAN paging would work in that case. 
There are multiple options to handle the coexistence of Dual connectivity and RRC inactive. 

Option 1: no coexistence, Master RAN Node disables dual connectivity before moving a UE to RRC inactive. 

This option is highly inefficient since:

1.
Disabling dual connectivity creates RRC signalling, N2 signalling towards the core network, and signalling within the core network (AMF/SMF/UPF). 

2.
Reenabling dual connectivity creates similar amount of signalling when the UE moves back to RRC connected.

3. 
It is likely that UE in RRC inactive would resume RRC connection in the same anchor RAN node. In that case, the NW would incur in unnecessary signalling to both disable and reenable dual connectivity, compared to maintaining dual connectivity configuration while the UE is in RRC inactive.
This option should be avoided given the inefficiency. 

	Proposal 1: There shall be a means to maintain dual connectivity configuration while the UE is in RRC inactive state. 


Based on proposal 1 SA2 can assume that when the Master RAN node decides to move the UE to RRC Inactive the RAN-CN tunnels remain intact and is up to RAN how to manage the interactions between the Master RAN node and Secondary RAN node. 

We further present some options of how these interactions may look like but ultimately it is up to RAN WGs to decide the detailed signalling procedures.
Option 2: Data notification from Secondary RAN node to Master RAN node in case of MT data received at Secondary RAN node

One possible solution if an N3 termination to the Secondary RAN node exists for any QoS flow of any PDU session is:

- 
The Master RAN node first needs to check with the Secondary RAN node of inactivity status before moving a UE to RRC inactive, or the Secondary RAN node needs to report to the Master RAN node of inactivity after a certain time. 

NOTE: The details of how the Master RAN node finds out of inactivity from the QoS flows terminating at the Secondary RAN node are to be decided by RAN WGs.

-
When the Master RAN node moves the UE to RRC inactive, it notifies the Secondary RAN node. 

-
When MT data is received at the Secondary RAN node, the Secondary RAN node buffers the data and sends an Xn message DL data notification to the Master RAN node. 

-
If the UE responds to RAN paging in the Master RAN node, the Master RAN node notifies the Secondary RAN node to resume the data radio bearer. 

-
If the UE responds to RAN paging in another RAN node, then the UE and network release the the entire SCG configuration and the data stored at the Secondary RAN node is forwarded to the Master RAN node via Xn.
Figure 1 shows the call flow for the case of UE performing RRC resume in Master RAN node.
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Figure 1: RRC inactive: DL data notification from Secondary RAN node to Master RAN node, UE connecting in Master RAN node.
Figure 2 shows the call flow for the case of UE connecting at a different RAN node:
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Figure 2: DL notification from Secondary RAN node to Master RAN node, UE connecting at different RAN node

Option 2 shows a feasible way forward for the RAN to handle RRC inactive and dual connectivity coexistence without the need for additional RAN/CN interaction. Note though that RAN WGs may find other solutions to do so.
Proposal 2: SA2 to send an LS to RAN2/3 to define the signalling procedures for when dual connectivity is activated and the UE is triggered by RAN to move to RRC Inactive.
2
Proposed text to TS 23.501
5.3.3.2.5
CM-CONNECTED with RRC Inactive state

RRC Inactive state applies to NG-RAN (i.e. it applies to NR and E-UTRA connected to 5G CN).

The AMF, based on network configuration may provide assistance information to the NG RAN, to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC Inactive assistance information" includes:

-
UE specific DRX values.

-
the Registration Area provided to the UE;
-
Periodic Registration Update timer

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode.
The CN assistance information mentioned above is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during Registration, service request, handover) to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. RRC Inactive is part of RRC state machine, and it is up to the RAN to determine the conditions to enter RRC Inactive state.
Editor's note:
The mechanism to update the CN assistance info to RAN while the UE is CM-CONNECTED e.g. to update the TAI-list is FFS, but it is assumed that protocol functions are available that allow the update of UE Context data at RAN.

When the UE is in CM-CONNECTED state, if the AMF has provided RRC Inactive assistance information, the RAN node may decide to move a UE to CM-CONNECTED with RRC Inactive state.
The state of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC Inactive state. A UE in RRC inactive state is aware of the RAN notification area.
The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state.
Editor's note:
It is FFS if CN needs to receive notifications from RAN that may be related to RRC state transitions (e.g. related to location accuracy, reachability, etc.). The need for such notifications is to be discussed on case by case basis.

At transition into CM-CONNECTED with RRC Inactive state, the UE applies with a periodic RAN-based Location Area update timer value and the timer is restarted in the UE and in the RAN as defined in TS 38.300 [27].

Editor's note:
The value of the periodic RAN area update timer will be defined together with RAN WGs.

If the periodic RAN-based Location Area update timer expires in RAN, the RAN shall start an RRC release timer. If the RRC release timer expires, the RAN shall notify the AMF and the AMF shall enter CM-IDLE state.

When the UE is in CM- CONNECTED with RRC inactive state, the UE is expected to perform PLMN selection procedures as defined in TS 23.122 [17] for CM-IDLE.

Editor's note:
CT1 will confirm the requirement and details of PLMN selection in RRC-INACTIVE state.
When the UE is CM-CONNECTED with RRC Inactive state, the UE may resume the RRC connection due to:

-
Uplink data pending;

-
Mobile initiated signalling procedure (e.g. periodic registration update);

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN Paging area;

-
Upon periodic RAN update timer expiration.

If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG RAN node and a procedure is triggered towards the CN (see TS 23.502 [3]).
Editor's note:
How to handle the case of persistent RAN paging failure, e.g. whether to release the N2 connection and notify the AMF so that the AMF shall enter CM-IDLE state is FFS.

Editor's note:
Whether and how access control/barring applies for UE in CM-CONNECTED with RRC Inactive state is FFS.

If a UE is in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

Editor's note:
The handling of mobility from NR to E-UTRAN connected in EPC, in RRC Inactive state in RAN is FFS.

In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,

If the UE receives Core Network paging,

-
If the periodic RAN-based Location Area update timer expires and the UE cannot successfully resume the RRC connection.
-
in any other failure scenario that cannot be resolved in RRC Inactive mode and requires the UE to move to CM-IDLE mode.

Editor's note:
How to handle UE location accuracy when the UE is in CM-CONNECTED with RRC Inactive state is FFS.

Dual connectivity configuration can be maintained while the UE is in RRC inactive. If the UE resumes the RRC connection in the Master RAN node, the Secondary RAN node configuration may be resumed too as defined in TS 38.300 [27]. 
Editor’s Note: If dual connectivity has been established for the UE for which there is at least one N3 tunnel termination to the Secondary RAN node for at least one 5G QoS Flow, the signalling between the Secondary RAN node and Master RAN node are to be determined by the RAN WGs.
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