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1 Introduction

In the NR Adhoc RAN2 meeting and RAN2#98, some agreements have been made about RAN initiated notification for INACTIVE state, as listed below:
Agreements:

1 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.

2 A RAN node can configure a UE in INACTIVE with a RAN configured paging DRX cycle (which could be UE specific configuration).
Agreements for paging in inactive using DRX (excludes eDRX, if supported)

1: 
Use the same paging occasion calculation mechanism for UEs in inactive as for UEs in idle.

2:
The same input derived from CN UE ID and the same calculation equation is used to calculate the paging occasion for RAN-initiated paging and CN-initiated paging.

3:
The gNB needs to know the input derived from CN UE ID to be used in the calculation and CN UE specific DRX cycle from the NG core.

4:
A UE in inactive can be configured with a UE specific RAN DRX cycle over dedicated signalling.

5:  The UE uses the shortest of the CN UE specific DRX cycle and the cell broadcasted DRX cycle and the RAN DRX cycle. All the DRX cycle values must be multiples of each other. 

6:
UE specific RAN DRX cycle is released when the UE enters idle states.

7
UE specific RAN DRX cycle is kept when the UE moves to one new cell in the RNA area in inactive state.

In RAN2-99 meeting, it was agreed that the UE shall release UE context upon reception of CN initiating paging.

29.
In the following cases the UE releases the UE context, UE AS informs UE NAS
29.1.
Case (b) upon failure of resume procedure (including the RAN update case);

FFS Whether this applies in all cases of failure of resume procedure

29.2.
Case (d) upon reselecting to other RAT; 

29.3.
Case (e) upon reception of CN initiating paging; 

In this contribution, we will further discuss the paging ID and RAN initiated paging and paging response for INACTIVE UE.
2 Discussion 
2.1 Paging ID in RAN initiated paging
In the current LTE CN initiated paging, S-TMSI is transferred to the eNB in the S1 Paging message so that the eNB could use it as the paging ID included in the paging record to address the UE on the Uu interface. We assume there will be an S-TMSI like NAS UE ID in NR CN initiated paging. 

Regarding RAN initiated paging, the NAS UE ID or a RAN allocated UE ID could be considered as the paging ID in RAN initiated paging. Usually each protocol layer provides its own UE identity to decouple the function definition of each protocol layer from the others. Therefore, a RAN allocated Paging ID is more suitable to be used as the paging ID in RAN initiated paging. Actually, the selection between S-TMSI or Resume ID as paging ID for RAN initiated paging had been discussed in LTE for light connection, and an LS[1] from SA3 explained the security considerations for using of S-TMSI as RAN initiated paging ID. In the LS, “SA3 recommends that the MME should be in control of the S-TMSI in order to ensure frequent updates of the S-TMSI”. Which means that if the NAS UE ID is used, the anchor eNB may need to inform the MME of every instance of initiating RAN Paging, for security consideration. This will increase the signaling cost of RAN initiated paging. We think similar reasoning would hold for NR RAN initiated paging (i.e. the gNB would need to inform the AMF if a NAS UE ID is used in RAN initiated paging). Therefore, we prefer that a RAN allocated UE Context ID be used as the UE paging ID in RAN initiated paging.
Proposal 1: RAN allocated UE Context ID（I-RNTI） is used as the paging ID in RAN initiated paging.
2.2 Paging response
RAN2 has agreed that “A UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging”.  And RAN2 further agreed that the UE shall release UE context upon reception of CN initiating paging. However it is still open whether and the how the UE differentiates RAN initiated paging or CN initiated paging.

If proposal1 is agreed, The UE in INACTIVE state could differentiate CN initiated paging from RAN initiated paging by the Paging ID used in paging message. For the RAN initiated paging, it is straightforward that the UE will initiate an RRC Connection Resume in response to the paging, so that the gNB could resume the connection for the UE.

Proposal 2: The INACTIVE UE could differentiate RAN initiated paging from CN initiated paging by the Paging ID used in the paging message.

Proposal 3: UE in INACTIVE will initiate RRC Connection Resume including the RAN allocated UE Context ID（I-RNTI）in response to RAN initiated paging.
2.3 Paging for release
It was agreed in RAN2-98 that “As a baseline, network initiated RRC state transition from INACTIVE to IDLE follows INACTIVE to CONNECTED and then CONNECTED to IDLE.” This means that the UE needs to enter RRC CONNECTED state and then release the connection to IDLE state as shown in the following figure1:
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Figure 1 RRC Connection Release from INACTIVE to IDLE

It is a waste of resources to use 5 steps just to release a UE from INACTIVE to IDLE. One possibility for optimization is to indicate RRC Connection Release in the PAGING message so that the UE could directly release the connection without initiating a state transition from INACTIVE to CONNECTED. 
However, there may be a security risk to trigger release by PAGING, considering that there is no security info in PAGING message and a UE may be released from INACTIVE to IDLE by a fake gNB without verification.  To ensure the UE could verify the network upon reception of Paging message with connection release indication, a short MAC-I like network verification information could be carried in PAGING message to release a UE from INACTIVE to IDLE as shown in the following figure 2: 
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Figure 2 RRC Connection Release from INACTIVE to IDLE by Paging

The information in UE context (for example I-RNTI, source cell PCI, etc.) could be used as the input for calculation of network verification information. Details to generate the network verification info could be up to SA3 discussion. In such case the UE would release the connection only if valid network verification info and UE ID is received by paging message and thus it could prevent the attack from the fake gNB.
Proposal 4: RAN paging message could be used to release the UE from INACTIVE to IDLE by including the UE ID and network verification info.

3 Conclusion
In this contribution, we discussed paging ID and RAN initiated paging and paging response for INACTIVE UE, and propose:
Proposal 1: RAN allocated UE Context ID (I-RNTI) is used as the paging ID in RAN initiated paging.
Proposal 2: The INACTIVE UE could differentiate RAN initiated paging from CN initiated paging by the Paging ID used in the paging message.

Proposal 3: UE in INACTIVE will initiate RRC Connection Resume including the RAN allocated UE Context ID（I-RNTI）in response to RAN initiated paging.
Proposal 4: RAN paging message could be used to release the UE from INACTIVE to IDLE by including the UE ID and network verification info.
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