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Abstract of the contribution: This contribution analyses the impacts to procedures for UE mobility while in RRC inactive mode. 
1.
Introduction
As described in S2-170916, mobility while in CN-CONNECTED with RRC inactive mode triggers handover procedure towards the CN. 
The following system behaviour is proposed for each RRC procedure.

Establishing RRC Inactive mode: 

-
The establishment of RRC Inactive mode is performed between UE and (R)AN node while the UE is ECM connected mode at NAS. The UE remains in ECM Connected mode, and the signalling/data paths towards the (R)AN node for the UE remain active, i.e. the state of NG2 and NG3 is unchanged. 

-
The RAN may need to notify the CN when the RRC inactive mode is established if the DRX has changed.

NOTE: It is FFS if there are other reasons to indicate the RRC inactive mode establishment to CN.
Cell reselection within the RAN paging area:

-
When the UE performs cell reselection while in RRC Inactive mode within the RAN paging area, the network is not notified. Therefore, this is transparent to the Core Network.

RRC resume procedure to a different (R)AN node while in RRC-CONNECTED with RRC inactive mode: 

· This is triggered: 

· After cell reselection outside the RAN paging area.
· Due to MO data or MO signalling. 

· As response to RAN paging
-
The target (R)AN node retrieves the UE context from the source (R)AN node. 

-
If there is no RAN interface between the target (R)AN node and the source (R)AN node, the UE context retrieval may be CN assisted. 

-
The procedure towards the CN is equivalent to a forward handover, which is consistent with the UE ECM state, i.e. ECM Connected Mode, to move the end point of NG2 and NG3 to the target (R)AN node.

-
Once the RRC connection reestablishment/forward handover is completed, the target (R)AN node may keep the UE in RRC connected mode or move to RRC inactive mode with an updated RAN paging area.

-
If the source (R)AN node received downlink data and the UE initiates RRC connection reestablishment/handover procedure, data forwarding from source (R)AN node to target (R)AN node applies (same as for regular ECM connected mode handover).

Figure 1 provides a call flow for RRC Inactive mode establishment, and handling of mobility outside the RAN paging area. In the example from the figure, it is assumed that (R)AN node 2 is not in the RAN paging area assigned to the UE by (R)AN node 1. It is also assumed that (R)AN node 1 and 2 belong to the same tracking area. In case tracking area update is needed, this can be performed after the procedure in the call flow is completed.
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Figure 2: RRC inactive mode mobility handling

1.
Regular RRC connection establishment via (R)AN node 1 and UE registration. The UE stays in RRC and CN connected mode. During N2 set-up, the CN may provide assistance to (R)AN node regarding RRC Inactive mode, e.g. whether it is allowed, specific DRX parameters, etc.

NOTE: The need and possible details of possible CN assistance for RRC Idle mode are to be determined during normative phase.

2.
RRC procedure between the (R)AN node 1 and UE to move the UE to RRC Inactive mode. The UE receives from (R)AN node 1 a "RAN paging area", The UE maintains its CN connected mode state, NG2 and NG3 reference points still terminate in (R)AN node 1.

NOTE:
The details of RRC Inactive mode activation are to be determined by RAN WGs. 

3.
The UE selects (R)AN node 2, which is outside the RAN paging area.

4.
This triggers the UE to initiate an RRC procedure to update the network on its new location, i.e. the UE initiates RRC connection reestablishment request.

A: Xn-based solution: Applies if the (R)AN node 2 and (R)AN node 1 have Xn connectivity.

A.5.
(R)AN node 2 sends UE context request to (R)AN node 1.

A.6.
(R)AN node 1 provides (R)AN node 2 with UE context.

A.7. 
(R)AN node 2 completes RRC connection reestablishment with the UE. During this procedure the (R)AN node 2 decides whether to keep UE in RRC connected mode or RRC inactive mode.

A.8.
(R)AN node 2 sends Path Switch Request to CP function.

A.9/10.
Modify PDU session request is performed between CP function and UP function to move NG3 termination to (R)AN node 2.

A11.
CP function sends RRC Path Switch Request ACK to (R)AN node 2. NG2 now terminates at (R)AN node 2.

A11.
(R)AN node 2 requests (R)AN node 1 to release UE context.

If the (R)AN node 1 received any DL data before NG3 termination was moved to (R)AN node 2, direct forwarding can be performed via Xn interface.

B:
NG2 based solution: Applies if the (R)AN node 2 and (R)AN node 1 do not have Xn connectivity. 

B5.
If (R)AN node 2 determines UE context cannot be retrieved directly via Xn, it sends FWD Handover Request message to CP function in the CN, with UE context request message as payload.

B6.
The CP function sends (R)AN node 1 a FWD Handover request, forwarding the UE content request message. 

B7.
(R)AN node 1 replies with FWD Handover ACK message with UE context response as payload. 

B8.
The CP functions sends to (R)AN node 2 a FWD Handover Response message with the UE context received from (R)AN node 1.

B9/B10.
The CP function and UP function may set-up indirect data forwarding.

B11.
(R)AN node 2 completes the RRC connection reestablishment procedure towards the UE. During this procedure the (R)AN node 2 decides whether to keep UE in RRC connected mode or RRC inactive mode.

B12.
(R)AN node 2 sends FWD handover complete message to CP function in CN. 

B13/14.
Modify PDU session procedure between CP function and UP function to move NG3 termination to (R)AN node 2. 

B13.
CP functions sends UE context release message to (R)AN node 1. 

If the (R)AN node 1 received any DL data before NG3 termination was moved to (R)AN node 2, indirect forwarding can be performed via UP function in the CN.

2. Proposal for TS 23.502
4.9.3
RRC-INACTIVE handover procedure

RRC-INACTIVE handover procedure is triggered when a UE has been configured for RRC-INACTIVE mode by an anchor (R)AN node, and
-
the UE performs cell reselection outside the RAN notification area,
-
the UE has MO data or MO signalling pending and initiates RRC resume procedure on a (R)AN node different from the anchor (R)AN node. 

-
the UE responds to RAN paging on a (R)AN node different from the anchor (R)AN node. 
Figure 4.9.3-1 provides a call flow for RRC Inactive mode establishment, and handling of mobility outside the RAN paging area. In the example from the figure, it is assumed that (R)AN node 2 is not in the RAN paging area assigned to the UE by (R)AN node 1. It is also assumed that (R)AN node 1 and 2 belong to the same tracking area. In case tracking area update is needed, this can be performed after the procedure in the call flow is completed.
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Figure 2: RRC inactive mode mobility handling

1.
Regular RRC connection establishment via (R)AN node 1 and UE registration. The UE stays in RRC and CN connected mode. During N2 set-up, the CN may provide assistance to (R)AN node regarding RRC Inactive mode, e.g. whether it is allowed, specific DRX parameters, etc.

NOTE: The need and possible details of possible CN assistance for RRC Idle mode are to be determined during normative phase.

2.
RRC procedure between the (R)AN node 1 and UE to move the UE to RRC Inactive mode. The UE receives from (R)AN node 1 a "RAN paging area", The UE maintains its CN connected mode state, NG2 and NG3 reference points still terminate in (R)AN node 1.

NOTE:
The details of RRC Inactive mode activation are to be determined by RAN WGs. 

3.
The UE selects (R)AN node 2, which is outside the RAN paging area.

4.
This triggers the UE to initiate an RRC procedure to update the network on its new location, i.e. the UE initiates RRC connection reestablishment request.

A: Xn-based solution: Applies if the (R)AN node 2 and (R)AN node 1 have Xn connectivity.

A.5.
(R)AN node 2 sends UE context request to (R)AN node 1.

A.6.
(R)AN node 1 provides (R)AN node 2 with UE context.

A.7. 
(R)AN node 2 completes RRC connection reestablishment with the UE. During this procedure the (R)AN node 2 decides whether to keep UE in RRC connected mode or RRC inactive mode.

A.8.
(R)AN node 2 sends Path Switch Request to CP function.

A.9/10.
Modify PDU session request is performed between CP function and UP function to move NG3 termination to (R)AN node 2.

A11.
CP function sends RRC Path Switch Request ACK to (R)AN node 2. NG2 now terminates at (R)AN node 2.

A11.
(R)AN node 2 requests (R)AN node 1 to release UE context.

If the (R)AN node 1 received any DL data before NG3 termination was moved to (R)AN node 2, direct forwarding can be performed via Xn interface.

B:
NG2 based solution: Applies if the (R)AN node 2 and (R)AN node 1 do not have Xn connectivity. 

B5.
If (R)AN node 2 determines UE context cannot be retrieved directly via Xn, it sends FWD Handover Request message to CP function in the CN, with UE context request message as payload.

B6.
The CP function sends (R)AN node 1 a FWD Handover request, forwarding the UE content request message. 

B7.
(R)AN node 1 replies with FWD Handover ACK message with UE context response as payload. 

B8.
The CP functions sends to (R)AN node 2 a FWD Handover Response message with the UE context received from (R)AN node 1.

B9/B10.
The CP function and UP function may set-up indirect data forwarding.

B11.
(R)AN node 2 completes the RRC connection reestablishment procedure towards the UE. During this procedure the (R)AN node 2 decides whether to keep UE in RRC connected mode or RRC inactive mode.

B12.
(R)AN node 2 sends FWD handover complete message to CP function in CN. 

B13/14.
Modify PDU session procedure between CP function and UP function to move NG3 termination to (R)AN node 2. 

B13.
CP functions sends UE context release message to (R)AN node 1. 

If the (R)AN node 1 received any DL data before NG3 termination was moved to (R)AN node 2, indirect forwarding can be performed via UP function in the CN.
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