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1   Introduction
There are currently two possible options defined for the inactive-state RAN Notification Area (RNA) in section 9.2.2.3 of TS 38.300 and the decision is still mentioned as FFS as described here-below: 
-
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.
These two options actually mean three possible choices for 3GPP specifications: one of the two options, or both.
At last RAN3 NR adhoc#2 option 2 was further refined and it was agreed that a RAN area is a subset of a tracking area as highlighted in yellow above.

RAN paging area is a subset of TA, hence RAN notification area is a subset of the registration area

A working assumption was also taken on the connectivity of the RAN notification area:

WA: Xn should be available in RAN notification area

In this paper, we elaborate on the most suitable RNA and conclude by removing the FFS.

2   Description
Defining the RNA as “List of cells” or “RAN Paging area” serves different use cases as explained here-below:
RAN Notification Area (RNA) defined as List of Cells

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.
Proposal 1: agree the list of NG-Cell IDs allows to minimize the signaling overhead for small size RNA (when using RAN-Paging for certain types of UEs with low mobility).

However, for moving UEs which transmits infrequently the RNA must be defined wide enough. Otherwise the UE would spend too much signaling in RAU (RAN Area Update) messaging between two data transmissions which ruins the purpose of the inactive state. For such wide-size RNA, using list of cell IDs:

· would be cumbersome because need to send to the UE an RRC configuration message comprising hundreds or thousands of cells. This creates signaling overhead and scalability issue, 
· creates a new challenge for the UE which must evaluate at every cell re-selection whether the new entered cell belongs to a huge list of cells. This is much more than the current evaluation of the TA border crossed.

Observation 1: using RNA = list of cell IDs is not adapted to wide size RNA.

RAN Notification area defined as List of TAIs
At last RAN3#96, a new option (i.e. not envisioned during the study phase in [5]) has been proposed which is to make the RNA equal to the registration area i.e. a list of TAIs.

We note that this option is not part of the options envisioned by RAN2 in [5].

Moreover this option would mean that there is high probability of no Xn connectivity through the RNA. This contradicts the working assumption of RAN3 NR adhoc#2 and would lead to a high probability of RAN paging failure. 

Observation 2: RNA based on UE registration area is also not adapted to wide area RNA.

RAN Notification area defined as List of RAN Area IDs

Based on previous observations 1 & 2, we come to the conclusion that defining RNA as a list of RAN Area IDs is the suitable compromise for large size RNA. As was already investigated during the study phase [5].
As agreed at last RAN3 NR Adhoc#2 this RAN Area should be a subset of the Tracking Area. 

This means that a RAN Area ID can be defined as TAI + RPAC where RPAC is a RAN Paging Area Code newly broadcast in addition to the TAC in every cell.

For example, a RPAC of 8 bits would mean 256 values within a TAI and is unique within a TAI.

Example of using RAN Area IDs
For example, an easy deployment is that each cell of a gNB broadcast the same RPAC in a given TAI.

Therefore, each RAN Area ID = (TAI + RPAC) corresponds to a gNB.

When the anchor gNB configures the UE with a list of RAN Area IDs, it actually configures the UE with a list of neighbor gNBs. The anchor gNB can thus include only those neighbor gNBs with which it has an Xn connectivity.  

This solution therefore is a good compromise for defining wide-size RNA which avoids the signaling overhead of list of Cells and avoids the degradation of paging of using the UE’s list of TAIs. It is well adapted for moving UEs with infrequent traffic patterns (e.g. smartphones with keep-alive applications).

Proposal 2: RAN3 takes a working assumption that both options, list of NG-Cell IDs and list of RAN Area IDs, are supported in release 15 for RNA for INACTIVE_STATE, in line with the RAN2 conclusion of the study item in [5]. RAN Area ID = TAI + RPAC (size e.g. 8 bits).
Proposal 3: agree the corresponding Text Proposal in [6] for TS 38.300.

Given that TAI is already broadcast by the cell over the air, the proposal 2 just requires support from RAN2 to add the cell broadcast of the RPAC (e.g. 8 bits).
Proposal 4: send a liaison to RAN2 to ask confirmation of the RAN3 working assumption and support of option 2 by cell broadcast of RPAC (size TBD).
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Conclusion and proposal
This paper has elaborated on the two options for RAN-paging Notification Area in INACTIVE_STATE.
It has shown that both options, “list of cells” and “RAN Paging Area IDs”, correspond to different use cases and therefore both are needed according to the following proposals:
Proposal 1: agree the list of NG-Cell IDs allows to minimize the signaling overhead for small size RNA (when using RAN-Paging for certain types of UEs with low mobility).

Proposal 2: RAN3 takes a working assumption that both options, list of NG-Cell IDs and list of RAN Area IDs, are supported in release 15 for RNA in INACTIVE_STATE, in line with the RAN2 conclusion of the study item in [5]. RAN Area ID = TAI + RPAC (size e.g. 8 bits).

Proposal 3: agree the corresponding Text Proposal in [6] for TS 38.300.
Proposal 4: send the liaison to RAN2 in [7] to ask confirmation of the RAN3 working assumption and support of option 2 by cell broadcast of RPAC (size TBD). 
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