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1. Introduction

In RAN2#98 meeting, RAN2 captured the RAN3 agreement on RAN paging failure in RRC_INACTIVE as an FFS in [1]: 

FFS whether upon RAN paging failure, the last serving gNB shall release the NG connection of the UE.
In SA2#122bis, SA2 agreed to include the following text in TS 23.501 [2]:
	If the RAN paging procedure is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:

-
If NG RAN has a pending NAS PDU for transmission, the RAN node shall initiate the UE context release in the AN procedure (see TS 23.502 [3]) to move the UE state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.

-
If NG RAN has only pending user plane data for transmission, the NG RAN node may keep the N2 connection active or initiate the UE context release in the AN procedure (see TS 23.502 [3]) based on local configuration in NG RAN.


In this contribution we discuss the SA2 agreement (above) and provide our proposal on how to handle RAN paging failure.
2. Discussion 

RAN paging triggered by DL NAS PDU:

In our understanding, the first part of the SA2 agreement refers to RAN paging failure with RAN paging triggered by DL NAS PDU. In this case, SA2 agreed that the last serving gNB could indicate to the AMF the NAS non-delivery and initiate UE context release procedure in order to release the NG connection of the UE. Afterward, CN may use CN paging to reach the UE in IDLE mode in its CN registration area that should be wider and can offer a higher chance to reach the target UE. 
One question is whether we need to send the undelivered NAS signalling back to AMF. One possibility is that CN should know which procedure is ongoing and would be able to reinitiate the NAS procedure after receiving RAN paging response. 
Proposal 1: Upon RAN paging failure, the last serving gNB shall not send undelivered DL NAS PDU to the AMF.
RAN paging triggered by DL data:

The second part of the SA2 agreement refers to RAN paging failure with RAN paging triggered by DL data. In this case, the last serving gNB could handle RAN paging failure using one of the following two options:
· Option 1: The gNB will keep DL data and NG connection, i.e., the gNB will keep the UE in RRC_INACTIVE mode. The understanding is that keeping the UE context in the gNB would be beneficial from signalling and delay point of view considering that, if the UE is successfully reached later on, it can resume the RRC connection and the UE Context is retrieved. However, considering the high possibility of repeated RAN paging failure, there could be no much gain from storing DL data in the gNB. Since it would increase data transmission delay which is not acceptable for delay sensitive services (e.g. URLLC). Moreover, storing data requires higher gNB capability and may lead to data loss if it was not possible to send the DL data to the UE. Hence, it would be simpler and more efficient if the gNB initiates UE context release procedure, moving the UE to IDLE mode, as described in Option 2. 
· Option 2: The gNB will initiate the UE context release procedure as in the case of RAN paging failure with RAN paging procedure triggered by DL NAS PDU. This way, the UE is moved to IDLE mode. One possibility is to use CN initiated paging in order to try to reach the UE in the case of new data arrival or retransmission of DL data. 
Proposal 2: In the case of RAN paging failure with the RAN paging triggered by DL data, the last serving gNB shall initiate UE context release procedure.
One question is whether the gNB shall forward back the DL data to the UPF? On one hand, by forwarding back the DL data to the UPF, the UPF would be able to immediately retransmit this data to the UE in the case of CN paging success. This could reduce the end-to-end delay of data transmission which would be suitable for delay-sensitive services (e.g. URLLC). On the other hand, the gNB could simply not forward back the DL data to the UPF, and then the higher (application) layer retransmission mechanism could perform the retransmission of discarded DL data with relatively higher delay. This simpler handling would be more suitable for non-delay sensitive services (e.g. FTP). 
Proposal 3: RAN3 to discuss whether forwarding back the DL data to the UPF would benefit delay-sensitive services (e.g. URLLC) and should be adopted.
2. Conclusion:

Proposal 1: Upon RAN paging failure, the last serving gNB shall not send undelivered DL NAS PDU to the AMF.

Proposal 2: In the case of RAN paging failure with the RAN paging triggered by DL data, the last serving gNB shall initiate UE context release procedure.
Proposal 3: RAN3 to discuss whether forwarding back the DL data to the UPF would benefit delay-sensitive services (e.g. URLLC) and should be adopted. 
Proposal 4: RAN3 is requested to agree the Text Proposal for TS 38.300.

3. References

[1] 3GPP TS 38.300, NG-RAN; Overall Description (Stage-2); 3GPP RAN

[2] 3GPP TS 23.501, System Architecture for the 5G System; Stage 2, SA2

[3] 3GPP TS 23.502, Procedures for the 5G System; Stage 2, SA2

[4] R3-172797, Discussion on RAN paging failure, CATT

4. Text Proposal for TS 38.300

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 NG-RAN 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 signalling from the AMF while the UE is in RRC_INACTIVE, it pages in the cells corresponding to the RNA and may send Xn-AP RAN Paging to neighbour gNB(s) if the RNA includes cells of neighbour gNB(s). 

Upon RAN paging failure, the last serving gNB shall release the NG connection of the UE and indicate to the AMF if there is any undelivered NAS PDU. 
FFS whether upon RAN paging failure, the last serving gNB shall discard the DL data.
If the UE accesses a gNB other than the last serving gNB, the receiving gNB triggers the Xn-AP 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 NG-AP 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 Xn-AP UE Context Release procedure.
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