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Introduction
In the RAN2#98, RAN notification area (RNA) update for the UE in RRC_INACTIVE are discussed, and the following agreements are made:
· A UE in RRC_INACTIVE notifies the NR RAN of RAN-based location area update (RLAU) via a resume procedure when re-selecting to a cell not belonging to the configured RAN-based notification area (RNA) and periodically. 
· Connection resume message will include information that can at least indicate RAN area update. Inclusion of information to enable access control is not precluded.
In the RAN2#99bis, we have the following related agreement:
3	A UE in INACTIVE, trying to resume an RRC connection, can receive MSG4 sent over SRB1 with at least integrity protection to move the UE back into INACTIVE (i.e. not rejected). (RNA update use case)
However, the specific mechanism of RNA update procedure is open. In this contribution, we discuss several possible mechanisms for both periodic and event-triggered RNA update procedures, and analyse the characteristics and feasibility of these possible mechanisms.
Discussion
First, we analyse RNA update procedure from the perspective of state transition and the number of steps, and then we carry out the analysis from the perspective of context retrieval and anchor relocation. Both periodic and event-triggered RNA update procedures are considered in our analyses.
From the perspective of state transition and the number of steps
In RAN2#98, it is agreed that RNA update is performed via a resume procedure. The legacy resume procedure follows RRC state transition from INACTIVE to CONNECTED. Optimisation for RRC state transition from INACTIVE to CONNECTED was discussed in RAN2#98 and 99, and three-step procedure is accepted as a baseline but whether MSG5 can be omitted in some case is FFS (i.e. two-step procedure is FFS). Moreover, optimised RRC connection resume procedure in which the UE keeps in INACTIVE has also been proposed as a potential alternative for RNA update procedure, and both three-step and two-step methods have been proposed for it respectively. As a result, there are four alternatives for RNA update procedures, and are all applicable for both periodic and event-triggered cases:
1) Alt 1: RRC connection resume procedure with three-step state transition from INACTIVE to CONNECTED;
2) Alt 2: optimised RRC connection resume procedure with two-step state transition from INACTIVE to CONNECTED;
3) Alt 3: optimised RRC connection resume procedure with three-step and INACTIVE kept;
4) Alt 4: optimised RRC connection resume procedure with two-step and INACTIVE kept;
In Alt 1/2, “three-step” / “two-step” only covers the state transition procedure from INACTIVE to CONNECTED. For the case of RNA update procedures, steps to send UE back to INACTIVE may also take place thereafter if no service arrives. On the contrary, “three-step” / “two-step” in Alt 3/4 already contains the complete RNA update procedure as the UE is kept inactive.
Alternative 1
Alt 1 is complete from the perspective of both procedure and security. Therefore it should be regarded as the baseline for RNA update procedure.
Proposal 1: RRC connection resume procedure with three-step state transition from INACTIVE to CONNECTED should be the baseline of RNA update procedure in NR.
Alternative 2
The feasibility of Alt 2 depends on future discussion on two-step procedure for the state transition from INACTIVE to CONNECTED, and hence it is not discussed here.
Alternative 3
Compared with Alt 1, the UE is kept in INACTIVE in Alt 3. The network indicates in the RRCConnectionResume message whether the UE shall enter CONNECTED state or stay in INACTIVE state.
Alternative 4
As to Alt 4, it is proposed in [1] that the UE should receive the new Next hop chaining counter (NCC) when it enters RRC_INACTIVE, so that the network can directly suspend the UE to keep in RRC_INACTIVE. However, it may not be feasible for a UE to receive the new NCC in advance. In  RAN2#99, it has been agreed to use RRC connection release kind of message for the state transition from connected to inactive, and this message does not include new NCC yet. Therefore, the UE may have to seek other methods to acquire the new NCC. Compared to Alt 4, Alt 3 is simpler and has less specification impacts.
Periodic RNA update may occur more frequently than event-triggered RNA update depending on the periodic RNA update timer setting and the mobility pattern. With a purpose of location update notification, it is not necessary to move the UE to CONNECTED during each periodic RNA update from an overhead reduction perspective. Moreover, the UE mobility within RNA should not impact the core network. Thus potential involvement of CN in support of periodic RNA update should be avoided or minimised. 
Proposal 2: The UE should be kept in INACTIVE during periodic RNA update procedure to avoid unnecessary signalling overhead. Alt 3 where three-step procedure is used should be considered and possible CN involvement in support of periodic RNA update should be minimised.
From the perspective of context retrieval and anchor relocation
In a recent e-mail discussion, it is discussed that whether context retrieval and/or anchor relocation is necessarily in an RNAU procedure, especially for a periodic RNAU [2]. In this section, we analyse whether the option is feasible that context retrieval or anchor relocation is not performed.
One of the concerns is how to deliver MSG4 if the context is not retrieved. Although some company has proposed that the RRC response can be encoded in the anchor node, delivered to the serving node and further sent to the UE on SRB1, in this contribution we focus on the way to send the response message on SRB0.
In RAN2#99bis, it is agreed that:
1	A UE in INACTIVE, trying to resume an RRC connection, can receive MSG4 sent over SRB0 (without Integrity protection) to move the UE back into INACTIVE (i.e. rejected with wait timer).
It should be understood that security is not a big issue when the configuration is not changed in the UE.
One may also concern that DoS attack will feasible if the reply for a periodical RNAU is send on SRB0 and cannot be verified by the UE. However, the effect of this type of attack is not serious: it can only incur 1) RRC state mismatch between the NW and the UE as one side is in INACTIVE mode and the other side is IDLE, or 2) a mismatch of security context, e.g. NCC, if MSG5 is also omitted even when security context has changed e.g. NCC has hopped.
For the first one, this type of mismatch is tolerable as it is common for a UE or NW to locally release the RRC connection in legacy LTE. For the second one, it can be easily resolved to make MSG5 mandatory whenever the security context has changed.
Nevertheless, any methods to make the UE capable to verify MSG4 are not precluded.
[bookmark: _GoBack]From the perspective of performance, the option for periodic RNAU without UE context retrieval or anchor relocation is beneficial, as the signalling is saved. This optimisation can be significant when a lot of UEs are in INACTIVE state, while the period of periodical RNAU is not large.
Proposal 3: The option for periodic RNAU without UE context retrieval or anchor relocation should also be considered.
Conclusion
This contribution discusses several possible mechanisms for both periodic and event-triggered RNA update procedures, and analyses the characteristics and feasibility of these mechanisms. According to the analysis in section 2, we have the following observations and proposals:
Proposal 1: RRC connection resume procedure with three-step state transition from INACTIVE to CONNECTED should be the baseline of RNA update procedure in NR.
Proposal 2: The UE should be kept in INACTIVE during periodic RNA update procedure to avoid unnecessary signalling overhead. Alt 3 where three-step procedure is used should be considered and possible CN involvement in support of periodic RNA update should be minimised.
Proposal 3: The option for periodic RNAU without UE context retrieval or anchor relocation should also be considered.
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