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1. Introduction
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. 
A UE in INACTIVE is reachable via RAN-initiated Paging and CN-initiated Paging. 
RAN3 has made agreement about RAN Paging:
	When receiving the MT signalling for the UE in the RRC-INACTIVE state, the RAN-initiated paging functionality should be also supported.


The Trigger of RAN Paging can be Downlink user plane data, Downlink class 2 signalling (for example: Downlink NAS PDU, Location Reporting Control), and Downlink class 1 Signalling. In this contribution, we will discuss RAN paging handling of all these cases.
2. Discussion
1) Downlink User Plane Data Triggered RAN paging Handling
Normal Case
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Figure 1 DL user plane data triggered RAN paging

If loss of DL user data buffered in the last serving gNB shall be prevented, the new NG-RAN provides forwarding addresses to old NG-RAN via Data forwarding Address Indication. DL data is forwarded from old NG-RAN to new NG-RAN after context retrieval.
Failure case
SA2 has made agreement failure of Downlink user plane data triggered RAN paging as:

	If the RAN paging procedure, as defined in TS 38.300, is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:
 -
If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the AN Release procedure based on local configuration in NG-RAN.
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Figure 2 Failure Case Handling of DL User Plane Data Triggered RAN paging

If DL data triggered RAN paging failure, old NG-RAN can discard the downlink data, and based on local configuration, it can keep the N2 connection or initiate the N2 release procedure(step.3-5).
The user plane data which triggers the RAN paging can be lost in this case.
Proposal 1: RAN Paging failure handling of DL user plane data: DL data is discarded. the NG-RAN node may keep the N2 connection active or initiate the N2 connection release procedure based on local configuration in NG-RAN. 

2) N2 Downlink (DL Class 1 Signalling and DL Class 2 signalling including DL NAS PDU) signalling triggered RAN Paging Handling
Normal case
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Figure 3 DL NAS PDU triggered RAN paging
DL NAS may be cell specific (for example, PDU session supported by the old NG-RAN may be not supported by the new NG-RAN), the NAS Message configured to the UE in the old NG-RAN may not be suitable to the UE in the new NG-RAN.
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Figure 4 Class 1 Signalling Triggered RAN paging
A Unified mechanism for DL signaling from AMF (includes DL class 1 Signaling and DL NAS PDU) triggered RAN paging can be defined: After receiving Retrieve UE Context Request from serving NG-RAN, old NG-RAN can respond to AMF with failure cause (for example: UE context transfer), AMF can re-start that procedure after Path switch to Serving NG-RAN.
For DL NAS PDU triggered RAN paging, old NG-RAN responds to AMF with NAS NON Delivery Message with cause: UE context transfer to AMF, after receiving Retrieve UE context Request from serving NG-RAN. NAS NON DILIVERY INDICATION includes the undelivered NAS message as a NAS-PDU IE. AMF re-sends/or modifies before re-sending the NAS PDU to UE after Path Switch.
For DL class 1 signaling triggered RAN paging, Old NG-RAN responds to AMF with corresponding failure message with cause: UE context transfer, AMF can re-start the class 1 procedure after path switch.
Proposal 2: A Unified mechanism for DL signalling from AMF (includes DL class 1 Signalling and DL NAS PDU) triggered RAN paging: old NG-RAN responds to AMF with failure cause: UE context transfer, AMF re-starts the procedure after Path switch to Serving NG-RAN.
Failure case
SA2 has made agreement about DL NAS PDU triggered RAN paging failure handling as below

	If the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:

-
If NG-RAN has at least one pending NAS PDU for transmission, the RAN node shall initiate the AN Release procedure (see clause 4.2.6, TS 23.502 [3]) to move the UE CM state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.
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Figure 5 Failure case handling of DL NAS PDU Triggered RAN paging

“NAS non-delivery” in SA2 agreement is ambiguous, it can be a N2 Message or Release cause in UE context release request, we propose it to be a separate N2 Message which can include non-delivered message sent back to AMF. Otherwise, AMF has to buffer NAS PDU before delivery to RAN.
Proposal 3: RAN Paging failure handling of DL NAS PDU: RAN node shall initiate the NAS signalling connection release procedure to move the UE to CM-IDLE state and indicate to the AMF NAS NON DELIVERY INDICATION with non-delivered NAS PDU contained.
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Figure 6 Failure case handling of DL Class 1 Message Triggered RAN paging

DL Class 1 signaling triggered RAN paging failure shall follow the same mechanism as DL NAS PDU triggered RAN Paging Failure, RAN node initiates the N2 connection release procedure to move the UE to CM-IDLE state and indicate to the AMF with failure cause.
Proposal 4: RAN Paging failure handling of DL class 1 Message: RAN node shall initiate the N2 connection release procedure to move the UE to CM-IDLE state and indicate to the AMF with failure cause

3) Special Class 1 Signalling Triggered RAN Paging Handling
UE context release command is a special class 1 signalling. Handling of this class 1 signalling triggered RAN paging can follow two types of methodology, one is to align with other class 1 signalling triggered RAN paging, and old NG-RAN responds to AMF with failure cause, then AMF re-starts this procedure after path switch. But this method will cause additional signalling to re-try it again in new NG-RAN, and, from AMF point of view, there is no difference to release UE in old N2 or in new N2. The other methodology is to have old NG_RAN respond to AMF with UE context release complete while triggering RAN Paging. 

For the latter method, we can have a unified procedure for UE context release command triggered RAN Paging for normal case and failure case: Old NG-RAN responds with UE context release complete to AMF before receiving the retrieve UE context request from new NG-RAN.
For RAN paging successful case, UE context release can be indicated as a cause in Xn: Retrieve UE context response message to notify serving NG-RAN to release UE after context retrieval. New NG-RAN sends RRC Connection release over SRB1 to release UE to RRC_IDLE after context retrieval.
Proposal 5: For UE context release command triggered RAN paging, UE context release can be indicated as a cause in Xn: Retrieve UE context response message to notify serving NG-RAN release UE after context retrieval.

For the RAN paging failure case (Figure 6), this will lead to N2 released while UE is still in RRC_INACTIVE state. But this state mismatch does not matter because a UE in RRC_INACTIVE state will also listen to CN Paging.
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Figure7 UE context release command Triggered RAN paging
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Figure 8 Failure case handling of UE context release command Triggered RAN paging

Proposal 6: Unified procedure for UE context release command triggered RAN Paging for normal case and failure case: Old NG-RAN responds with UE context release complete to AMF before receiving retrieve UE context request from new NG-RAN

4) Special Class 2 Signalling Handling: Location Report Control
Location Reporting Control is a special Class 2 downlink signalling for RRC INACTIVE UE because according to   SA2 agreement, different handling shall be performed for different reporting type:
“When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the reporting type indicating single stand-alone report, the RAN shall perform RAN paging before reporting the location to AMF.
When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the reporting type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE's last known location with time stamp.”
RAN3 shall follow SA2 agreement about Location report control Handling, when UE in RRC INACTIVE, if RAN has received Location reporting control from AMF with reporting type indication single stand-alone report, the RAN shall perform RAN Paging before report the location to AMF, If reporting type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE’s last known location with time stamp.
Proposal 7: when UE in RRC INACTIVE, if RAN has received Location reporting control from AMF with reporting type indication single stand-alone report, the RAN shall perform RAN Paging before report the location to AMF, If reporting type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE’s last known location with time stamp.

3. Conclusions

Proposal 1: RAN Paging failure handling of DL user plane data: DL data is discarded. the NG-RAN node may keep the N2 connection active or initiate the N2 connection release procedure based on local configuration in NG-RAN. 

Proposal 2: A Unified mechanism for DL signalling from AMF (includes DL class 1 Signalling and DL NAS PDU) triggered RAN paging: old NG-RAN responds to AMF with failure cause: UE context transfer, AMF re-starts the procedure after Path switch to Serving NG-RAN.
Proposal 3: RAN Paging failure handling of DL NAS PDU: RAN node shall initiate the NAS signalling connection release procedure to move the UE to CM-IDLE state and indicate to the AMF NAS NON DELIVERY INDICATION with non-delivered NAS PDU contained.

Proposal 4: RAN Paging failure handling of DL class 1 Message: RAN node shall initiate the N2 connection release procedure to move the UE to CM-IDLE state and indicate to the AMF with failure cause

Proposal 5: For UE context release command triggered RAN paging, UE context release can be indicated as a cause in Xn: Retrieve UE context response message to notify serving NG-RAN release UE after context retrieval.

Proposal 6: Unified procedure for UE context release command triggered RAN Paging for normal case and failure case: Old NG-RAN responds with UE context release complete to AMF before receiving retrieve UE context request from new NG-RAN

Proposal 7: when UE in RRC INACTIVE, if RAN has received Location reporting control from AMF with reporting type indication single stand-alone report, the RAN shall perform RAN Paging before report the location to AMF, If reporting type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE’s last known location with time stamp.
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