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1 Introduction

In NR WI, one goal for the new RAT is to allow a UE to stay "always connected" mode. So a new UE state was discussed and finally agreed as INACTIVE State in RAN2#98 meeting.

Also as agreed in the previous RAN2 meetings, RAN notification area including one or more cells was introduced which is UE specific and configured by the network with dedicated signaling. Within the RAN notification area, the INACTIVE UE will perform cell reselection as IDLE state.

In this paper, we will discuss how the network could decide the optimized RAN notification area for the UE in an optimized way with some assistance. Based on the discussion, the corresponding proposals are provided.
2 Discussion

For INACTIVE UE, the network knows the UE location within the RAN notification area and UE performs mobility in the area without notifying the network. If the UE moves out of the area, the UE will resume the RRC connection to update the RAN notification area. If the RAN notification area is too big, it will bring the signaling overhead in the configuration message and the paging message. If the RAN notification area is too small, the frequent RRC resume procedure will increase the UE power consumption and signaling overhead. So configuring appropriate RAN notification area is quite beneficial not only from UE perspective but also from network perspective.
Observation 1: When RAN notification area is too big, extra signaling overhead will be brought by the configuration message and paging message; while when RAN notification area is too small, also extra signaling overhead and UE power consumption will be brought by frequent notification area update procedure. 

In RAN2#96 meeting, RAN2 agreed:

RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 
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Based on the agreement, the CN level location update is independent from notification area update, and will be triggered when crossing a TA boundary for INACTIVE UE as for IDLE UE. So from notification area configuration perspective, it is better make the whole RAN notification area in the TA in order to avoid the CN level location update procedure when UE within RAN notification area. In this case, the TA area and RAN notification area could be updated together at the boundary, and extra signaling overhead could be avoided. Based on the above discussion, it’s better to configure the whole RAN notification area belonging to the TA list of UE, i.e. the network should take UE TA list into account when the network determines RAN notification area configuration.
Furthermore, in TS 23.501, SA2 agreed that the TA list will be provided to the NR-RAN.

	The AMF, based on network configuration may provide assistance information to the NG-RAN, to assist the NG-RAN's decision whether the UE can be sent to RRC Inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC Inactive assistance information" includes:

-
UE specific DRX values.

-
the Registration Area provided to the UE;
-
Periodic Registration Update timer

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode.


Proposal 1: gNB should know the TA list of the UE and take it into account to determine the RAN notification area.

The INACTIVE UE will perform cell reselection as IDLE state within the RAN notification area. The cells the UE camped during the mobility in the RAN notification area, namely, the visited cell list can indicate the UE mobility trace. So it is better for the RAN notification area to cover the UE mobility trace and then the RRC resume procedure caused byby mobility can be reduced.  So the visited cell list during the UE mobility in the RAN paging notification area when UE is in the INACTIVE state is useful for the network to decide the RAN notification area.
By the way, the Introduce mobilty history reporting by the UE on RRC_IDLE to RRC_CONNECTED transition to allow network to estimate the UE mobility in LTE R12 and to set an optimum parameters for Handover measurements. So it is reasonable for the UE to report also for the mobility optimization purpose in NR.
Proposal 2: UE reports the visited cell list during the UE mobility in the RAN notification area to the network when UE resumes to CONNECTED state, e.g. performing RAN notification area update.
The UE mobility trace may be different in different time period, for example, UE may camp on one cell for a long time, but camp on another cell for a short time. Therefore, so tthe RAN notification area should be changed accordingly to the time change. So the corresponding time information for UE staying in the cell can help the RAN to decide the appropriate RAN notification area for the UE.
Proposal 3: Time information for UE staying in the cell can also be reported to the network.
Besides, Iif the UE moves fast, the RAN notification area should be configured big enough to reduce the possibility of the UE across the boundary of the RAN notification area and reduce the times of the RRC resume procedure. If the UE moves slowly or doesn’t move at all, the RAN notification area should be small to reduce the signaling caused by the configuration of the RAN notification area and periodical RAN paging. So the UE speed information can be reported to the network.
Proposal 4: UE speed information is reported to the network.

3 Conclusions:

In this paper, we discuss how network could configure optimized RAN notification area for the UE. With considering the reduction of UE power consumption and signaling overhead, some observations and proposals are provided as follows:
Observation 1: When RAN notification area is too big, extra signaling overhead will be brought by the configuration message and paging message; while when RAN notification area is too small, also extra signaling overhead and UE power consumption will be brought by frequent notification area update procedure. 

With the observation, we propose:

Proposal 1: gNB should know the TA list of the UE and take it into account to determine the RAN notification area.

Proposal 2: UE reports the visited cell list during the UE mobility in the RAN notification area to the network when UE resumes to CONNECTED state, e.g. performing RAN notification area update.
Proposal 3: Time information for UE staying in the cell can also be reported to the network.
Proposal 4: UE speed information is reported to the network.
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