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1. Introduction
In this contribution, we analyze the current procedure of RAN notification area update. And, the optimized mechanism of RAN notification area update, especially for periodic RAN notification area update is introduced.
2. Discussion
The following figure describes the UE triggered transition from RRC_INACTIVE to RRC_CONNECTED.
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Figure 1. UE triggered transition from RRC_INACTIVE to RRC_CONNECTED
In Figure 1, the UE resumes from RRC_INACTIVE by sending RRCConnectionResumeRequest message. Once the gNB receives the request including Resume ID, the gNB requests the last serving gNB (or anchor gNB) to provide UE Context. After retrieving UE context successfully, the gNB configures UE into RRC_CONNECTED. Then, path switch will be performed. Finally, the gNB requests the last serving gNB to release UE CONTEXT.
This procedure in Figure1 for the transition from RRC_INACTIVE to RRC_CONNECTED can be applied to all the cases which include DL data arrival (RAN paging), UL data arrival/transmission, periodic RAN notification area update (RNAU) and leaving-area RNAU. Obviously, step 5 associated to data forwarding is not needed for RNAU. Normally, the UE is configured to inactive state immediately after the RRC connection is established for RNAU since the purpose of connection establishment is not for data transmission.
It was agreed in RAN2 meeting that if the UE received a message suspending the UE on MSG4 on SRB1 then the UE remains in RRC Inactive [1]. That means the gNB may configure UE to remain in the inactive state without transiting to RRC_CONNECTED by RRC release-like message in step 4. In the RAN2 email discussion [99#29], the gNB can directly configure UE to remain in the inactive state when the gNB is under congestion situation in order to save signalling overhead. Also, it is reasonable that the UE can be directly configured to continue to stay in the inactive state when the UE transmits the resume request only for RAN notification area update purpose. The reason is that the purpose of RNAU is just to inform network with the UE location.
Proposal 1: The UE is allowed to transit to RRC_CONNECTED when performing RNAU should be baseline.
Proposal 2: The UE can be directly configured to remain in the inactive state on MSG4 without transiting to RRC_CONNECTED when the UE performs RAN notification area update.
It was agreed in RAN2 meeting that connection resume message will include information that can at least indicate RAN area update. So, the gNB receiving the resume request can know whether this request is associated to RNAU or not. 

Observation 1: The cause associated to RAN notification area update is included in the resume request.
The purpose of performing periodic RNAU is just to inform the network that the UE is still located in this area. If the network does not receive the periodic RNAU when the timer of periodic RNAU expires, network will start another timer. Once the second timer also expires and no message from this UE is received, the network will release the UE context. Therefore, it is not mandatory to perform the PATH SWITCH associated to step 6&7 in Figure 1 if the UE transmits the resume request only for periodic RNAU purpose.
If the connection established is for the data transmission purpose, the path switch is needed. Otherwise, the delay of potential multi-hop Xn interface is too long. In addition, it is mandatory for leaving-area RNAU to perform path switch. Otherwise, the UE has to perform RNAU for every cell change since the UE is located outside the configured area.
Proposal 3: It is not mandatory to perform the PATH SWITCH between gNB and CN if the UE performs resume request only for periodic RNAU purpose.
If PATH SWITCH is not performed, that means the last serving gNB in Figure 1 will continue to store UE context. And, the current gNB configuring UE back to inactive state will not keep UE context. Naturally, whether the procedure of RETRIEVE UE CONTEXT is needed or not should be discussed. Accordingly, there are two options demonstrated in Figure 1 and 2, respectively.
· Option 1: Do not to perform the procedure of RETRIEVE UE CONTEXT (see Fig.2)

· Option 2: Perform the procedure of RETRIEVE UE CONTEXT (see Fig.3)
In option 1 shown in Figure 2, the UE context is not retrieved. So, RRCConnectionRelease included in MSG4 can be sent over SRB0 which may be attacked by fake gNB. Similar issue has been discussed in the RAN2 email discussion [99#29]. So, we can wait for the agreement of [99#29]．If the procedure of RETRIEVE UE CONTEXT is not performed, a new indicator is needed to inform the last serving gNB that the UE is performing periodic RNAU. Otherwise, the network may think that the UE gets lost in this area. if the resume request for periodic RNAU is not received after the timer expires.
Observation 2: In option 1, if the procedure of RETRIEVE UE CONTEXT is not performed, an indicator is needed to inform the last serving gNB that the UE is performing periodic RNAU.
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Figure 2: MSG4 sent over SRB0 (Option 1)
In option 2 shown in Figure 3, UE context is retrieved by the current gNB. Then, RRCConnectionRelease included in MSG4 can be sent over SRB1 with at least integrity protection. In this option, the gNB receiving the resume request from UE will release UE context. And, last serving gNB will continue to keep UE context.
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Figure 3: MSG4 sent over SRB1 (Option 2)
Observation 3: In option 2, Last serving gNB will continue to keep UE context unless the explicit message of releasing UE context is received from gNB.
Proposal 4: RAN2 is kindly asked to discuss the above options based on the agreement of email discussion [99#29].
· In option 1, if the procedure of RETRIEVE UE CONTEXT is not performed, an indicator is needed to inform the last serving gNB that the UE is performing periodic RNAU.
· In option 2, Last serving gNB will continue to keep UE context unless the explicit message of releasing UE context is received from gNB.
Conclusion

In this contribution, the following observations and proposal are given based on the discussion:
Observation 1: The cause associated to RAN notification area update is included in the resume request.
Observation 2: In option 1, if the procedure of RETRIEVE UE CONTEXT is not performed, a new indicator is needed to inform the last serving gNB that the UE is performing periodic RNAU.
Observation 3: In option 2, Last serving gNB will continue to keep UE context unless the explicit message of releasing UE context is received from gNB.

Proposal 1: The UE is allowed to transit to RRC_CONNECTED when performing RNAU should be baseline.
Proposal 2: The UE can be directly configured to remain in the inactive state on MSG4 without transiting to RRC_CONNECTED when the UE performs RAN notification area update.

Proposal 3: It is not mandatory to perform the PATH SWITCH between gNB and CN if the UE performs resume request only for periodic RNAU purpose.
Proposal 4: RAN2 is kindly asked to discuss the above options based on the agreement of email discussion [99#29].

· In option 1, if the procedure of RETRIEVE UE CONTEXT is not performed, an indicator is needed to inform the last serving gNB that the UE is performing periodic RNAU.
· In option 2, Last serving gNB will continue to keep UE context unless the explicit message of releasing UE context is received from gNB.
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