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1   Introduction
For inactive UE, if DL signalling is received by anchor gNB, the anchor gNB should trigger RAN paging. However, it is still unclear how to proceed DL signalling in case the UE respond paging in anchor gNB or new gNB.

In this contribution, we will discuss the handling of DL signalling for an inactive UE.

2   Discussion
Handling of DL Class 1 signalling
The DL class1 signaling is used to modify UE context or release UE to IDLE. The anchor gNB triggers RAN initiated paging in the notification area of the UE, if the UE responds paging in the anchor eNB, the anchor eNB could initiate the corresponding Uu procedures for the DL signalling, and send the successful response to AMF.

Proposal 1: For DL Class1 signalling triggered RAN paging, if the UE responds in the anchor gNB, the anchor gNB could initiate corresponding Uu procedure for the DL signalling, and send successful response to AMF. 

If the UE responds RAN paging in a gNB other than the anchor gNB, the anchor gNB is not able to proceed the DL singling directly. And here we will discuss the gNB handing in two cases: class 1 signaling except NG Connection Release, and NG Connection Release.

Case 1: Non NG Connection Release DL class 1 signaling:

During Xn handover procedure, the source gNB may receive DL signalling while the UE has been switched to target gNB, in such case the source gNB will indicate “Xn Handover triggered” in the response message to the AMF. 
For INACTIVE UE, similar handling could also be applied, i.e., If the UE responds paging in a new gNB in the RAN notification area, the anchor gNB could indicate to the AMF that the UE has moved out of the coverage of the anchor gNB by using an appropriate cause, such as “UE context transfer in INACTIVE state”. And the AMF could re-send the DL signalling to the new serving gNB once path switch is received from the new serving gNB.
Proposal 2: For Non NG Connection Release DL class 1 signalling triggered RAN paging, if the UE responds paging in a new gNB, the anchor gNB could indicate a failure response to the AMF with an appropriate cause such as “UE context transfer in INACTIVE state”.
Case 2: NG Connection Release

In case the DL class 1 signalling is NG Connection Release message, if the UE responds RAN paging in the anchor gNB, the same processing of proposal 1 could be applied.

If the UE responds RAN paging in a new gNB, and the anchor gNB performs as receiving normal DL signalling, i.e. proposal 2, it means the following procedure are needed as shown in Figure 1.
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Figure 1: Normal handling when receiving NG connection release
It would cause too much signalling overhead only for UE context release. More efficient processing would be worthwhile.  Three options could be considered:
Option 1: Release without notifying to UE

As discussed in [1], gNB could release the UE context without triggering the RAN Paging procedure. In that case, the UE would be considered in IDLE mode while UE would stay at INACTIVE state. The UE could still be addressed by the network by CN initiated paging, and UE would fall back to RRC Connection Setup if UE try to resume connection e.g., for RNA update. 
Option 2: RRC Connection Release by Paging
As discussed in [2], paging procedure could be used for fast connection release. In that case the anchor gNB could trigger Paging with release indication toward UE and other gNB in the RNA as shown in the following Figure 2.
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Figure 2: Release UE to IDLE in paging
Option 3: Indication of release in Xn Context retrieval procedure
As discussed in [3], for gNB triggered stage transition from INACTIVE to IDLE, a release indication could be included in Xn Context retrieval procedure so that the new gNB could know that anchor gNB intends to release the UE. The same solution could be applied to NG triggered NG connection release case.
The overall message flows are described in Figure 3.
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Figure 3: option 3 message flows

Comparison of three options:
In option1, the UE state between network and UE would be mismatch. Although the current paging design could address the state mismatch scenario, it would be not good to deliberately cause state mismatch between network and UE. Furthermore, in this option, AMF would consider the UE to be in IDLE mode before the UE actually enter into IDLE mode, and implicit release timer in the AMF would start after the release. However, the UE would enter IDLE mode after unsuccessful RRC Connection resumption. It means the UE would start periodic registration area update timer later than the start of implicit release timer in the AMF. It would cause the risk of implicit detach and thus option1 would not be acceptable.

Option 2, needs to be evaluated by SA3 for potential security issues. And option 2 cannot make sure that the UE receives the paging message. Therefore, option 2 may still cause state mismatch between the UE and network. Option 2 should be decided by RAN2.
Option 3 could be applied to gNB triggered release according the discussion in [3], and then it would be applied to the AFM triggered release.
From standard point of view, it is beneficial to design a common procedure applicable for a same purpose but various scenarios.

Proposal 3:  For NG Connection Release Request triggered RAN paging, if the UE responds paging in a new gNB, the anchor gNB could indicate a release indication in Retrieve Context Response message to the new gNB and respond AMF with NG Connection Release Complete.

Handling of DL NAS PDU
Upon reception of DL NAS PDU, The anchor gNB should trigger RAN initiated paging in the notification area of the UE, if the UE responds paging in the anchor eNB, the anchor eNB could send the NAS PDU to the UE.

Proposal 4: For DL NAS PDU triggered RAN paging, if the UE responds paging in anchor gNB, the anchor eNB could send the NAS PDU to the UE.
If the UE responds paging in a new gNB in the notification area, there has two options:

Option1: indicate failure to AMF

The anchor gNB could send the NAS PDU back to the AMF via NAS NON DELIVERY INDICATION message, with the cause “UE context transfer in INACTIVE state”, and the AFM could re-send the DL NAS PDU to new gNB once path switch is received from the new gNB.
Option2: forward NAS PDU on Xn

The anchor gNB forward the NAS PDU to the new gNB, e.g. include the NAS PDU in context retrieval response message. And the new gNB could send the NAS PDU to the UE.

Both options has been discussed in the context of light connection. The option2 was excluded due to concerns from SA2 that some NAS signalling are sensitive to the cells where the signalling is transmitted. Since the reason would still exist for NR, option 1 is preferred.
Proposal 5: For DL NAS PDU triggered RAN paging, if the UE responds paging in a new gNB, the anchor gNB could send the NAS PDU back to the AMF via NAS NON DELIVERY INDICATION message.
3   Conclusion
In this contribution, we discussed the RAN3 impact to support RAN notification area update, and have following proposals:
Proposal 1: For DL Class1 signalling triggered RAN paging, if the UE responds in the anchor gNB, the anchor gNB could initiate corresponding Uu procedure for the DL signalling, and send successful response to AMF. 

Proposal 2: For Non NG Connection Release DL class 1 signalling triggered RAN paging, if the UE responds paging in a new gNB, the anchor gNB could indicate a failure response to the AMF with an appropriate cause such as “UE context transfer in INACTIVE state”.
Proposal 3:  For NG Connection Release Request triggered RAN paging, if the UE responds paging in a new gNB, the anchor gNB could indicate a release indication in Retrieve Context Response message to the new gNB and respond AMF with NG Connection Release Complete.

Proposal 4: For DL NAS PDU triggered RAN paging, if the UE responds paging in anchor gNB, the anchor gNB could send the NAS PDU to the UE.

Proposal 5: For DL NAS PDU triggered RAN paging, if the UE responds paging in a new gNB, the anchor gNB could send the NAS PDU back to the AMF via NAS NON DELIVERY INDICATION message.

The corresponding text proposal is provided in the section 5.
4   Reference

[1] R3-173608
Handling of DL signalling
[2] R2-1711502
RAN initiated paging
[3] R3-174556 
Network initiated UE state transition from INACTIVE to IDLE
5   Text Proposal for 38.300
<<<<<<<<<<<<<<<<<<<< Changes Begin >>>>>>>>>>>>>>>>>>>>
9.2.2
Mobility in RRC_INACTIVE

9.2.2.1
Overview

RRC_INACTIVE is a state where a UE remains in CM-CONNECTED and can move within an area configured by NG-RAN (the RNA) without notifying NG-RAN. In RRC_INACTIVE, the last serving gNB node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF. The UE notifies the network if it moves out of the configured RNA.

If the last serving gNB receives DL data from the UPF, or DL NGAP signalling, or DL NAS PDU from the AMF while the UE is in RRC_INACTIVE, it pages in the cells corresponding to the RNA and may send XnAP RAN Paging to neighbour gNB(s) if the RNA includes cells of neighbour gNB(s). If the UE accesses a gNB other than the last serving gNB, the last serving gNB should indicate the failure for the DL NGAP signalling, or the non-delivery of DL NAS PDU for DL NAS PDU to AMF with an appropriate cause value. And if the DL NGAP signalling is NG Connection Release Request, the last serving gNB should indicate the release indication in the Retrieve Context Response message to the new gNB.
Upon RAN paging failure, the gNB behaves according to TS 23.501 [3].

The AMF provides to the NG-RAN node the RRC Inactive Assistant Information to assist the NG-RAN node's decision whether the UE can be sent to RRC_INACTIVE. The RRC Inactive Assistant Information includes the registration area configured for the UE, the UE specific DRX, Periodic Registration Update timer, an indication if the UE is configured with Mobile Initiated Connection Only (MICO) mode by the AMF, and UE Identity Index value. The UE registration area is taken into account by the NG-RAN node when configuring the RAN-based notification area. The UE specific DRX and UE Identity Index value are used by the NG-RAN node for RAN paging. The Periodic Registration Update timer is taken into account by the NG-RAN node to configure Periodic RAN Notification Area Update timer.
At transition to RRC_INACTIVE the NG-RAN node may configure the UE with a periodic RNA Update timer value. At periodic RNA Update timer expiry without notification from the UE, the gNB behaves as specified in TS 23.501 [3].

If the UE accesses a gNB other than the last serving gNB, the receiving gNB triggers the XnAP Retrieve UE Context procedure to get the UE context from the last serving gNB and may also trigger a Data Forwarding procedure including tunnel information for potential recovery of data from the last serving gNB. Upon successful context retrieval, the receiving gNB becomes the serving gNB and it further triggers the NGAP Path Switch Request procedure. After the path switch procedure, the serving gNB triggers release of the UE context at the last serving gNB by means of the XnAP UE Context Release procedure.

<<<<<<<<<<<<<<<<<<<< Changes End >>>>>>>>>>>>>>>>>>>>
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