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1 Introduction

In the NR Adhoc RAN2 meeting and RAN2#98, some of 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 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 have 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 in 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, an LS[1] from SA3 explains the security consideration 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 the anchor eNB may need to inform MME in case of every RAN Paging is initiated if NAS UE ID is used for security consideration. This will increase the signaling cost of RAN initiated paging. We think the same reason will still hold for NR RAN initiated paging. Therefore, we prefer to UE RAN allocated UE Context ID as UE paging ID in RAN initiated paging.
Proposal 1: RAN allocated UE Context ID 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”. However it is still open whether the how to response paging when RAN initiated paging or CN initiated paging.
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 RRC Connection Re-Activation message to response the paging, so that the gNB could re-active the connection for the UE.

Proposal 2: the UE in INACTIVE will initiate RRC Connection Re-Activation to response RAN initiated paging.
Regarding the CN initiated paging, it shall be discussed whether to use RRC Connection Re-Activation for paging response. For INACTIVE state UE, CN initiated paging maybe triggered in the following scenarios:
1) RAN initiated paging failure, the gNB release UE context and NG-1 interference and CN take the responsibility of paging for the UE

2) Periodical RAN notification area update timer expiries while the gNB doesn’t receive the RNAU from the UE, the gNB may think the UE as unreachable and release UE context and NG-1 interference and CN take the responsibility of paging for the UE

Therefore, for the scenarios where CN initiates paging, the anchor gNB usually has removed the context of UE.
Observation 1: for the scenarios where CN initiates paging, the anchor gNB usually has removed the context of UE.
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Figure 1 RRC connection re-activation when UE context in RAN has been removed
When gNB receives the RRC Connection Re-Activation Request from UE, it will try to fetch context from anchor gNB, and the context fetch will fail due to that the UE context has been removed from anchor gNB. In such case, although the gNB could use RRC Connection Setup to setup new RRC Connection for the UE, this will still introduce unnecessary signalling cost and delay due to failed context fetch on Xn interface. 

If the UE enter IDLE when CN initiated paging is receives, the UE will use RRC Connection Request to response paging, then the gNB setup new connection for the UE without trying to fetch context for the UE. 

Therefore, if CN initiated paging is received by the UE, the UE in INACTIVE state shall enter IDLE mode, and response paging with RRC Connection Request.
Proposal 3: if CN initiated paging is received by the UE, the UE in INACTIVE state shall enter IDLE mode, and response paging with RRC Connection Request.
Upon reception of RAN initiated paging, the UE would initiate contention based RACH procedure to transmit RRC Connection Resume message. Contention based RACH may introduce additional delay due to possible collision with other UEs. One possibility to reduce the delay is to assign contention free RACH resource for the UE in paging message. However, use of contention free RACH resource will need the resource reservation on the cells where paging is transmitted, while the UE only response paging in one cell, it will be the waste of dedicate RACH resource in other cells. If the RAN notification area is large the benefit of latency reduction will not justify the waste of resource.  If the notification area for INACTIVE UE is very small, for example one cell, it would be beneficial to configured contention free resource to UE. Another possibility is to consider grant free transmission for paging response. In such case, it would be possible include the some assistance information in paging message for grant free transmission of paging response. 
Proposal 4: RAN2 to discuss the possibly to reduce the paging response latency by the assistance information in RAN initiated paging message.
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 is used as the paging ID in RAN initiated paging.
Proposal 2: the UE in INACTIVE will initiate RRC Connection Re-Activation to response RAN initiated paging.
Observation 1: for the scenarios where CN initiates paging, the anchor gNB usually has removed the context of UE.
Proposal 3: if CN initiated paging is received by the UE, the UE in INACTIVE state shall enter IDLE mode, and response paging with RRC Connection Request.
Proposal 4: RAN2 to discuss the possibly to reduce the paging response latency by the assistance information in RAN initiated paging message.

4 References
 [1] S3-162123
reply-LS on S-TMSI in RAN paging
3GPP


_1551786564.vsd
UE


gNB


RRC Connection Re-Activation Request
(Paging response)


Context fetch


Anchor gNB


RRC Connection setup 


Context fetch failure



