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1 Introduction

In RAN2 #98 meeting, it is agreed that UE location can be known at the RAN based area level. Also, the RNA should be aware whenever the UE moves from one RAN-based notification area to another as per section 5.5.2.1 of [1]:

A UE in the RRC_INACTIVE state can be configured with the RAN-based notification area, whereupon:

-
a notification area can cover a single or multiple cells, and can be smaller than CN area;

-
a UE does not send any "location update" indication when it stays within the boundaries of the notification area;

-
leaving the area, a UE updates its location to the network.

and, it is captured in 38.300 that
There are several different alternatives on how the RNA can be configured:
-
List of cells:

-
A UE is provided an explicit list of cells (one or more) that constitute the RNA.
-
List of RAN areas:

-
A UE is provided (at least one) RAN area ID, where a RAN area is a subset of a CN Tracking Area;
-
A cell broadcasts (at least one) RAN area ID in the system information so that a UE knows which area the cell belongs to.
FFS whether one alternative or both are agreed.
In this paper, we performed a comparison between the two options by considering typical mobile network deployment scenarios. As the analysis revealed, to specify both options will enable a more flexible and signaling efficient RNA configuration to satisfy different scenarios.
2 Discussion

When the option of RAN area ID is applied, each cell needs to broadcast its RAN area ID via the system information. Similar with the TA and TAI list, multiple of RAN area IDs could be aggregated in a list to configure a RNA for a UE. The configuration results could be sent to UEs via dedicated signalling messages by the anchor gNB just before they are transited to the RRC_inactive state. In the RRC_inactive mode, when the UE enters the range of a cell with a RAN area ID out of the list, a location update should be made. 

On the other hand, with the option of list of cells applied, before the UE is transited to the RRC_inactive mode, the UE could be configured with a RNA consisting of the union of the ranges of all cells within the list via dedicated signalling messages sent by the gNB. NCGI broadcast by each cell could be used as the cell ID to be included within the list. In RRC_inactive state, when the UE enters the coverage of a cell other than that of the anchor cell, it needs to check if the NGCI of the current cell is included in the configured list of cells to determine whether or not to trigger a location update.  

The two options are compared in terms of dedicated signalling overload, broadcast signalling overload, applicability w.r.t UE mobility, configuration granularity, etc., details of which are shown in the figure below.  

Table 1. Comparison between two options: RNA area ID and list of cells

	
	Dedicated signalling overload
	Broadcast signalling overload
	Applicability w.r.t UE mobility
	Configuration granularity

	RNA ID
	low
	high
	UE in high-speed
	per RAN area ID

	List of cells
	high
	low
	semi-stationary UE
	per cell


Note that, when UE is in semi-stationary state, it is better to configure the UE with a small size RNA to constraint the RAN paging signalling overhead. List of cells solution provides more flexibility in configuration of the size of RNA.
Proposal 1: Agree list of cell IDs options can be applied to small size RNA with low-mobility UEs
Besides the UE in the semi-stationary state, two additional scenarios, high-speed train and moving UE in urban scenario, are also considered. In such cases, it is desirable to configure the UE with a large RNA. If the option of list of cells is applied, the overhead of the dedicated signalling towards the UE for configuring RNA would become too large. The details of the scenarios and related analysis are presented as follows.
Regarding high speed train scenario, due to the severe signal penetration penalty from base stations outside trains to UEs inside trains, and vice versa, dedicated RAN networks consisting of base stations deployed along rail ways are usually applied to offer better user experiences to UE subscribers in trains, as illustrated in the figure below:
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Figure 1: High-speed train scenario.

Note that the velocity of high speed trains is beyond 250km/h, and the moving directions are determined for sure. As a result, a larger RAN notification area should be configured for UEs inside trains. Naturally, the option of RAN area ID is a better choice. Xn availability within RNA can be easily satisfied since the network topology is not complicated in this scenario.

Observation 1: For Larger RNA configuration and high-mobility scenarios, the option of RNA ID is a better choice
For the case of an UE moving in an urban area, configuration of a large RNA is also beneficial. If the option of RNA area ID is applied, the configuration of RNA for a UE will be composed of several RAN area IDs. In this case, it is difficult to ensure the Xn availability between all the cells across the different RAN areas with the large RNA. Although allowing a cell to be configured with more than one RNA ID could be used to solve the problem, this will increase more overhead to system information of a cell as it needs to broadcast many RAN area IDs as noted in [2]. So, in such cases, the option of list of cells could be applied as a complementary to RAN area ID to configure a large RNA. 
Proposal 2: Both list of cells and RAN area IDs should be supported to configure the RNA for RRC-INACTIVE UE.
3. Conclusions
The following observations and proposals are made,
Observation 1: For Larger RNA configuration and high-mobility scenarios, the option of RNA ID is a better choice

Proposal 1: Agree list of cell IDs can be applied to small size RNA with low-mobility UEs
Proposal 2: Both list of cells and RAN area IDs should be supported to configure the RNA for RRC-INACTIVE UE.
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