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1 Introduction
[bookmark: _Ref178064866]In the 3GPP RAN Plenary #75 meeting, a new work item on NR access technology was launched, where RRC_INACTIVE (INACTIVE) is defined as a new UE state in NR [1]. According to [2], RRC_INACTIVE can be characterized as follows:
	•	RRC_INACTIVE:
-	Broadcast of system information;
-	Cell re-selection mobility;
-	5GC - NG-RAN connection (both C/U-planes) is established for UE;
-	The UE AS context is stored in at least one gNB and the UE;
-	Paging is initiated by NG-RAN;
-	DRX for NG-RAN paging configured by NG-RAN;
-	RAN-based notification area (RNA) is managed by NG- RAN;
-	NG-RAN knows the RNA which the UE belongs to.



From RAN2-NR#1 to RAN #99 meetings, the following agreements about INACTIVE state have been reached [3] - [5]: 
	Agreements

· Define RRC_INACTIVE as a new RRC state in NR.
· A UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging. RAN and CN paging occasions overlap and same paging/notification mechanism used.
· A RAN node can configure a UE in INACTIVE with a RAN configured paging DRX cycle (which could be UE specific configuration).
· 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.




[bookmark: _Hlk503275403]In this contribution, we discuss the problem about INACTIVE paging in NR, specifically, the INACTIVE paging mechanism for handling RAN-initiated paging failure.
2 Discussion
2.1 Challenges upon handling RAN-initiated paging failure
For a UE in RRC_INACTIVE state, the CN-RAN connection has been established for it, and the CN regards the RRC_INACTIVE UE connected to the anchor gNB. If there is DL data coming for this UE, CN will send DL data to the anchor gNB, and the anchor gNB will perform RAN-initiated paging to page the UE within the notification area (NA). 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In past 3GPP meetings, some strategies have been proposed to describe the procedure of paging UE in RRC_INACTIVE state [6] - [8]. Common sense has been achieved that i) if RAN-initiated paging is successful, then the UE can transit from RRC_INACTIVE to RRC_CONNECTED directly, ii) if RAN-initiated paging has failed, then the CN-initiated paging will be performed and the UE needs to transit from RRC_INACTIVE to RRC_IDLE first, then transits to RRC_CONNECTED. 

The procedure to handle the RAN-initiated paging failure is illustrated by Figure 1. Specifically, the anchor gNB will inform CN that the UE cannot be found in the NA, and indicate CN to release the UE context. Next, the CN will release the UE context regarding the UE in IDLE state, and start paging the UE in the whole tracking area (TA), which is larger than NA. If the UE receives the CN-initiated paging, it will automatically enter RRC_IDLE state to avoid state mismatch, and then respond the CN-initiated paging with RRC Connection Request message to request for RRC connection setup, which is a costly procedure to setup the new UE context and CN-RAN connection.

It can be observed from the procedure described above that the signaling and processing overhead among existing procedure of handling RAN-initiated paging failure is large. Specifically, to successfully respond a paging message, UE needs to change its RRC states twice, RAN needs to indicate CN to release UE context, and CN needs to release the UE context, to rebuild the context, and to modify bearers for the UE, etc. Therefore, it is necessary to improve the existing mechanism of handling the RAN-initiated paging failure, so that the signaling and processing overhead among the inactive paging procedure can be reduced.
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[bookmark: _Ref503187537]Figure 1: Existing procedure for handling RAN-initiated paging failure


Observation 1	Legacy procedure for handling RAN-initiated paging failure has larger signaling and processing overhead.

2.2 Enhanced paging mechanism for handling RAN-initiated paging failure
In this section, we discuss a possible enhanced mechanism to handle the RAN-initiated paging failure. Note that before the anchor gNB making the final decision of the RAN-initiated paging failure, the anchor gNB already tried multiple attempts to page the UE within the NA. For clarity and simplicity, the total time period of the multiple RAN-paging attempts is denoted as T, illustrated by Figure 2. 
[image: ]
[bookmark: _Ref503191570]Figure 2: Illustration of total RAN-paging period T.

Based on the prior art scheme, if the RAN-initiated paging within NA has failed, the anchor gNB will inform CN to release UE context after T. Then, CN regards the UE as IDLE, and initiates the CN-paging by notifying the gNBs inside the whole TA to page the UE with CN UE ID. However, even if the UE is inside the NA, the UE still needs to enter RRC_IDLE and regain the connection with RRC connection setup procedure. Therefore, the possible mechanism is to enhance the CN-paging (i.e., “second-round” paging) after RAN-paging (i.e., “first-round” paging) failure, so that the RRC_INACTIVE UE can enter RRC_CONNECTED state directly by using the RRC resume procedure if it is still inside the NA, avoiding going through the RRC_IDLE state. Specifically, after RAN-paging failed, the anchor gNB informs the CN about the failure. Instead of deleting the UE context right away, the CN will keep the UE context and notify all gNBs within the TA (including the NA) to initiate the CN-paging using the CN UE ID, as illustrated in Figure 3. 
If the UE is still inside its configured NA, (e.g. camping on a cell belonging to gNB 1 shown in Figure 3), it will receive the CN-paging message from gNB 1 containing its CN UE ID. Moreover, the UE, which is still in RRC_INACTIVE state, can determine that the camped cell belongs to its configured NA. Instead of transiting to RRC_IDLE, the UE will directly respond with “RRC connection resume request” to gNB 1 which contains the RAN UE ID. Then gNB 1 will try to retrieve the UE context from the anchor gNB based on the RAN UE ID. The gNB 1 or the anchor gNB is able to match the RAN UE ID and CN UE ID for the paged UE. If gNB 1 can successfully retrieve the UE context, it can resume the RRC connection for the paged UE like a normal RAN-initialed paging. Therefore, the UE resumes the RRC connection with target gNB 1 without going through RRC_IDLE. The signaling flow of the described paging and connection resume procedures are shown in Figure 4. It can be seen that CN does not need to rebuild the UE context, which significantly reduces the signaling overhead between the CN and RAN comparing with the legacy procedure.

[bookmark: OLE_LINK87][bookmark: OLE_LINK88][image: ]
[bookmark: _Ref503194203]Figure 3: Illustration of CN-paging inside the whole TA after RAN-paging failure.
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[bookmark: _Ref503194516]Figure 4: Signaling flow of possible mechanism for handling RAN-initiated paging failure

[bookmark: _Hlk489629326]
Proposal 1       CN can keep the UE context and RAN connection after the “first-round” RAN-paging has failed until the “second-round” paging finished. If the “second-round” paging also failed, CN can release the UE context.

[bookmark: _Hlk503278969]Proposal 2        During the “second-round” paging, the normal CN-paging using CN UE ID can be kept in the whole TA, and UE can respond with different RRC messages based on whether it is inside the NA or not, where the reaction should be determined by UE itself.

Proposal 3        If the UE still camps on a cell within NA, although it receives the paging message containing its CN UE ID, the UE will be aware that it is still inside the NA and can still respond to the “second-round” paging with RRC connection resume procedure using RAN UE ID.

Proposal 4       The anchor gNB or the target gNB is able to associate the received RAN UE ID to the CN UE ID of the paged UE, and continue with the RRC connection resume procedure.


By comparing Figure 1 and Figure 4, it can be observed that with the discussed possible scheme (c.f. Figure 4), the UE can enter RRC_CONNECTED directly from RRC_INACTIVE although the RAN-paging has failed, and moreover, the RRC signaling overhead, the signaling overhead between CN and RAN, and the processing overhead at the CN side can be effectively reduced.


If the UE is outside the NA, e.g. camping on the gNB 2 as shown in Figure 3, it will receive the CN-paging message containing its CN UE ID. The UE will determine that the CN-paging is from a gNB out of the NA, so that the UE will transit to RRC_IDLE status and respond with a normal CN-paging respond procedure, including building connection with the RRC connection setup procedure to the target gNB 2. Since the legacy connection setup procedure is used, the signaling overhead is similar to the prior art scheme when UE camps on a cell outside of the NA.

3 Conclusion 
The followings have been observed:
Observation 1    Legacy procedure for handling RAN-initiated paging failure has larger signaling and processing overhead.
The followings have been proposed:
Proposal 1	CN can keep the UE context and RAN connection after the “first-round” RAN-paging has failed until the “second-round” paging finished. If the “second-round” paging also failed, CN can release the UE context.
Proposal 2	During the “second-round” paging, the normal CN-paging using CN UE ID can be kept in the whole TA, and UE can respond with different RRC messages based on whether it is inside the NA or not, where the reaction should be determined by UE itself.
Proposal 3	If the UE still camps on a cell within NA, although it receives the paging message containing its CN UE ID, the UE will be aware that it is still inside the NA and can still respond to the “second-round” paging with RRC connection resume procedure using RAN UE ID.
[bookmark: _In-sequence_SDU_delivery]Proposal 4	The anchor gNB or the target gNB is able to associate the received RAN UE ID to the CN UE ID of the paged UE, and continue with the RRC connection resume procedure.
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