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1
Introduction
RAN2 has agreed that a UE location can be known at the “RAN based area level” and that the RAN should be aware whenever the UE moves from one “RAN-based notification area” to another” as per section 5.5.2.1 of [5]:

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.
Two possible options are currently listed in [5] to define RAN-based notification areas: list of cells and RAN area (i.e. RAN Paging Area). We believe that RAN3 should be involved in the decision making.

In this paper we elaborate on criteria to define the most suitable RAN-based notification areas.

2
Paging Initiation in RRC_INACTIVE

The RAN based Notification Area determines the granularity at which the RAN knows the UE location during RRC_INACTIVE state.

Two possible options are listed by RAN2 to define RAN-based Notification Areas as per section 5.5.2.1 of [5]: 
-
List of cells;

-
A UE is provided an explicit list of cells (one or more) that constitute the RAN-based notification area.
-
RAN area.

-
A UE is provided (at least one) RAN area ID;
-
A cell broadcasts (at least one) RAN area ID in the system information so that a UE knows which area the cell belongs to.
This actually corresponds to three possible choices for 3GPP specifications:

NOTE 1:
It will be decided in the work item phase whether to support both options, list of cells and RAN area ID, or only one of them.
One can see that three choices are left open as far as 3GPP standardization is concerned: either list of cells, either list of RAN Paging areas, or both.

“List of cells” and “RAN Paging area” however serves different use cases:

The list of cells makes sense when the UE is quasi-stationary. In this solution, the gNB can configure the UE with a list of cells which is very UE specific (like today a UE is configured with a list of TAIs adapted to the UE). When the network knows that the UE is quasi-stationary this option allows to reduce the signaling overhead by strictly focusing the paging on the zone where the UE is located.

Observation 1: the list of NG-Cell IDs allows to minimize the signaling overhead when using RAN-based notification for certain types of UEs.

However, for moving UEs the list of NG-Cell IDs may not be the most appropriate configuration. It is indeed cumbersome to configure hundreds of cells to the UE. This creates signaling overhead and scalability issue.

For moving UEs, it is beneficial to configure the UE with a larger RAN Notification Area while not increasing the signaling by configuring RAN Paging Areas in the network, each RAN paging area comprising itself possibly tens of cells. The UE is then configured whenever sent to INACTIVE_STATE with a list of Paging Area IDs (PA IDs) instead of list of NG-Cell IDs and this list of PA IDs constitutes its RAN-based Notification Area.  

All what is needed is a new broadcast by all cells in the network of the Paging Area ID to which any cell belongs.

This list of RAN Paging area IDs can solve the scalability issue.

Example

For example, an easy deployment is to use the RAN Paging area ID = gNB ID. Each cell broadcast the gNB ID they belong to. When the UE is sent to RRC_Inactive the serving gNB therefore sends to the UE a list of gNB IDs as its RAN Notification Area. The serving gNB can easily provide in this list the neighbour gNBs with which it has Xn connectivity. Xn connectivity is thus ensured within the RAN Notification Area.  

The partitioning of the network into RAN Paging Areas is not standardized and matter of configuration (see the example above). 

Observation 2: the list of RAN Paging Area IDs is well suited for moving UEs with infrequent traffic patterns (e.g. smartphones with keep-alive applications).

Considering observation 1 and 2 we therefore propose to consider both options to be standardized in 3GPP so that the optimum option can flexibly be used at all times for UEs.

Alternatively it has been proposed to consider using tracking area codes as substitute for RAN area IDs but that would bring limitations to NW planning which could be challenging when normally TAI is covering quite large area it would be challenging to ensure Xn connectivity through whole TAI. Of course one could considering having TAI e.g. just cover very small area e.g. a gNB but then one would need to increase amount of signaling required for signaling TAI in order to be able to cover such a small area. Alternatively one could leave TAI untouched and let CN groups define it optimally but have a extra set of “bits” that define RAI (RAN area ID). Let’s call those “bits” Rand Paging Area Code (RPAC). Thus RAI would consist of TAI+RPAC. This would leave core network planning not dependant on RAN planning and thus hopefully making the NW planning easier.
Proposal 1: RAN area signaling with list of RAN Area IDs, should be supported in release 15 as RAN-based Notification Area for INACTIVE_STATE where RAN area Id is combination of TAI and RPAC
In order to decrease amount of options it would be preferable to always signal RAN area whenever UE is moved to INACTIVE mode – otherwise one would need to define rules and consider how does NW get UE location when in INACTIVE. Additionally ensuring Xn connectivity within very large area e.g. TA-list (e.g. if UE location updates would be based on TA update procedures) would be extremely challenging. Thus we propose:
Proposal 2: Whenever UE is moved to INACTIVE it is given RAN paging area configuration.
3
Conclusions
This paper has elaborated on the two options for RAN-paging Notification area in RRC INACTIVE_STATE.

It has shown that both options, “list of cells” and “RAN Paging Area IDs”, correspond to different use cases as per the following observations:

Observation 1: the list of NG-Cell IDs allows to minimize the signaling overhead when using RAN-based notification for certain types of UEs.

Observation 2: the list of RAN Paging Area IDs is well suited for moving UEs with infrequent traffic patterns (e.g. smartphones with keep-alive applications). 

It is therefore beneficial for the flexibility of the 5G system if both options are included in the 3GPP standards.

Therefore, any network deployment will be able to use the most adapted option for all types of UEs. This leads to the following proposal for release 15:

Proposal 1: RAN area signaling with list of RAN Area IDs, should be supported in release 15 as RAN-based Notification Area for INACTIVE_STATE where RAN area Id is combination of TAI and RPAC

Proposal 2: Whenever UE is moved to INACTIVE it is given RAN paging area configuration.
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