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1. Introduction
In RAN2#98 meeting, it is agreed that a UE in RRC_INACTIVE notifies the NR RAN of RAN-based location area update (RLAU) via a resume procedure periodically when a configured timer expires [1]. 
Agreements:
1	Define RRC_INACTIVE as a new RRC state in NR.
2	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. 

If a UE initiate periodic RLAU in a cell belonging to gNB other than its anchor gNB, it is still not clear whether UE context is relocated to the new gNB. One of the concerns about this issue is the signalling overhead caused by path switch if UE context relocation is performed frequently. In this contribution, considerations and proposals on this issue are provided.
2. Discussion
In LTE, if UE initiates resume procedure from a serving gNB other than its anchor gNB, path switch is employed to relocate UE’s context. In NR, it is reasonable to assume that there will be more UEs in RRC_INACTIVE than in RR_CONNECTED. If path switch is performed each time UE initiate resume from a new serving gNB for periodic RAN notification area update, the signaling overhead of CN will increase significantly. 
However, whether UE context relocation is necessary depends on multiple factors.

The first factor is UE’s following RRC state after periodic RLAU. According to some documents in last two RAN2 meeting, network may move UE into different RRC states according to different conditions on reception of a periodic RLAU[3][4][5]: 
· In normal cases, UE is most likely moved back to RRC_INACTIVE with a suspend message. 
· Due to RRM reason, the UE may also be moved to RRC_IDLE with a RRC release message.
· If there are pending data or signaling in network side, the UE should be moved to RRC_CONNECTED for pending data or signaling transmission.
· If the context retrieve fails, e.g. there is no UE context or authentication failure, the UE may be indicated to release stored context and setup RRC connection again.
If network decides to move UE back to RRC_INACTIVE or release UE to RRC_IDLE, the legacy resume procedure with context relocation seems not optimized, i.e. path switch is performed to only transmit a single RRC message. While for following state is RRC_CONNECTED, to relocate UE context is a wise choice.

The second factor is the UE mobility behavior. 
As described in our companion documents on RAN notification area configuration [2], UE in different areas may have different behaviors. For example, in some district, UEs just pass through the area. In this case, it is preferred to perform UE context relocation when UE initiate periodic RLAU from cell under a new gNB. Otherwise, when UE moved out of its configured RNA, its new gNB may have no direct connection to old anchor gNB.
On the other side, if the UE moves around within its configured RNA, and following RRC state is not RRC_CONNECTED, it is more preferred to implement the procedure without UE context relocation, i.e. keep UE context and dedicated connection to CN in old anchor gNB, to avoid unnecessary signaling overhead caused by path switch.
Following figure 1 illustrates these 2 example cases.



Figure 1: Example: UE moves around within and move through its configured RNA

The third factor is UE’s traffic characteristics. As an example, for UE which has high priority services, it is more preferable to perform context relocation. Thus, when UE initiate UL data transmission by resume request, its context is more likely already located in current serving gNB. Thus, there will be no additional delay caused by context relocation.

Observation 1: The optimized procedure for periodic RLAU depends on UE following RRC state, UE mobility behavior and service requirement.

Following table 1 illustrates an example of optimized choice regarding whether context relocation is performed according to UE mobility behavior/service requirement and following RRC state.

Table 1: optimized periodic RLAU procedure regarding UE context relocation
	Following RRC state \ UE mobility behavior
	Pass through RNA
	Move within RNA

	RRC_CONNECTED
	with relocation
	with relocation

	RRC_INACTIVE
	With relocation
	Without relocation

	RRC_INACTIVE 
with high priority services configured
	With relocation
	With relocation

	RRC_IDLE
	Without relocation
	Without relocation



Because anchor gNB is assumed to have full knowledge of UE behavior history, RNA configuration and whether there is pending data or signaling, it can decide following RRC state for the UE, and then whether UE context relocation is performed for periodic RLAU procedure.
Proposal 1: Anchor gNB makes decision on whether to perform UE context relocation for periodic RLAU.

If anchor decides to perform context relocation, and after the context is relocated to new anchor gNB, new anchor gNB can of course decide following RRC state according to its own network condition and RRM algorithm. UE history information and whether there is pending data/signaling can help new gNB make such decisions. And if new gNB suspend UE into RRC_INACTIVE, new anchor gNB should allocate new resume_ID and update RNA configuration for the UE.
Proposal 2: If context relocation is performed, it up to new anchor gNB decides the following RRC state, resume_ID and RNA configuration. 

The procedure for periodic RLAU with UE context relocation should be the same as RLAU due to mobility.
Proposal 3: The periodic RLAU procedure with UE context relocation should be the same as RLAU procedure due to mobility.

For the periodic RLAN without UE context relocation, one question is how RRC messages, such as RRCConnectionSuspend, RRCConnectionRelease, are generated and transmitted to UE. Further we should also consider how it can be IP protected and ciphered.
In RAN2#98, agreements on the state transition are reached that [1].
Agreements for the case that the UE wants to transition from INACTIVE to CONNECTED
1	Initial UE RRC message from RRC_INACTIVE (e.g. MSG3) should be sent on SRB0
2	In case the RAN is successful in retrieving and verifying the UE context, MSG4 should be integrity protected and sent on SRB1
3	RAN2 aim that in case the RAN is successful in retrieving and verifying the UE context, MSG4 should be ciphered and sent on SRB1
FFS Whether there may be cases where message where the MSG4 cannot be ciphered.
4	If the UE received a resume message on MSG4 on SRB1 then the UE enters RRC Connected.
4a	If the UE received a message suspending the UE on MSG4 on SRB1 then the UE remains in RRC Inactive.
FFS In case the RAN is not successful in retrieving or verifying the UE context, MSG4 (can be at least be a message that requests the UE to trigger a new connection) will be sent on SRB0
FFS Whether MSG 4 can be a reject to idle. 
FFS When the UE receives in MSG4 on SRB0 then the UE releases at least the AS security context and UE NAS layer should be informed.

These agreements should also be followed for periodic RLAU without UE context relocation. Then, at least RRCConnectionSuspend can be transmitted to UE on MSG4 in this case. 

There are two options to generate the RRC message for periodic RLAU without UE context relocation. 
Option 1: 
RRCConnectionSuspend, or RRCConnectionRelease is generated in anchor gNB. Anchor gNB also encrypted the RRC message and generate MAC-I for integrity protection with stored UE security context with new derived security key. The PDCP PDU is transmitted to serving gNB along with Xn message “Retrieve Context Response”. In addition, RLC configuration in the stored UE context is also transmitted to new serving gNB. The new serving gNB setup RLC and MAC entity for UE SRB1, and transmit the RRCConnectionSuspend to UE via SRB1.


Figure 2: Transmit RRCConnectionSuspend without UE context relocation, option1
Option2: 
RRCConnectionSuspend or RRCConnectionRelease is generated in new serving gNB. All needed information, including UE security context, PDCP/RLC configuration, PDCP status if exists in context, new UE resume_ID, updated RNA configuration, etc, are transmitted to new serving gNB via “retrieve Context Response”. New serving gNB just release all contexts after it generated RRC message, setup SRB for the UE and transmitted the message.
Thus, UE context is not really relocated, but only used in serving gNB. 



Figure 3: Transmit RRCConnectionSuspend without UE context relocation, option2

Proposal 4: RAN2 to discuss the specific periodic RLAU procedure without UE context relocation. 
3. Conclusion
Observation 1: The optimized procedure for periodic RLAU depends on UE following RRC state, UE mobility behavior and traffic characteristics.
Proposal 1: Anchor gNB makes decision on whether to perform UE context relocation for periodic RLAU.
Proposal 2: If context relocation is performed, it up to new anchor gNB decides the following RRC state, resume_ID and RNA configuration. 
Proposal 3: The periodic RLAU procedure with UE context relocation should be the same as RLAU procedure due to mobility.
Proposal 4: RAN2 to discuss the specific periodic RLAU procedure without UE context relocation. 
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