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1. Introduction
In NR, a UE in RRC_INACTIVE can be configured with RAN-based notification area. In this area, the UE does not send any “location update” indication for the purpose of power saving. The definition of this area and the area update procedure are left for the WI phase. In RAN2 #98 meeting, we cannot reach a consensus on a single solution for the definition of RAN-based notification area. Possible solutions are a cell list, a RAN area ID list, and a TAI list.
In this contribution, we first summarize the status regarding to the discussion/agreement on RAN-based notification area so far. Afterwards, we compare the three definitions of RAN-based notification area. For RAN-based notification area update, we propose that a specific gNB (i.e., named by assistant gNB) is required whenever the UE leaves/enters a new RAN-based notification area.
2. Discussion
2.1 The Agreements on RAN-based Notification Area
	Here we summarized agreements on RAN-based notification area management in the study item phase in [1][2] and the working item phase [3], as follows. 
	[TR38.804]
5.5.2.1	RAN-based notification area management
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.
There are several different options on how the RAN-based notification area can be configured:
-	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.
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.
NOTE 2:	A list with cells may contain only one entry implementing RAN-based notification area comprising one cell.

	

	[RAN2#96]
1. RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling
2. There will be a unique global Cell ID broadcast in system information of NR Cell



In SI phase, we basically discuss the general size of the RAN-based notification area, the timing to trigger RAN-based notification area update, and how to configure the UE-specific RAN based notification area. More discussion (e.g., the detailed update procedure and configuration) would be expected in the working item phase.
In WI phase, this topic was first discussed in RAN2#98 meeting. The RRC_INACTIVE UE initiated RAN-based location area update via resume procedure is confirmed and triggered when the RRC_INACTIVE UE reselects to a cell not belonging to the configured RAN-based notification area (event-trigger based) or periodically. However, the online and offline discussion on the definition and scope of RAN-based notification area cannot reach the consensus. Basically, there are two options: a cell ID list and/or a RAN area ID list. However, the TAI list may also be considered.
[RAN2#98] 10.4.1.6 Inactive
Modeling/General
1. Define RRC_INACTIVE as a new RRC state in NR.
2. A UE in RRC_INACTIVE notifies the NR RAN of RAN-based location area update (RLAU) via a resume procedure when re-selecting to a cell not belonging to the configured RAN-based notification area (RNA) and periodically.
3. AS support for PLMN selection (i.e. providing available PLMNs to NAS) for a UE in RRC_INACTIVE if SA2/CT1 confirm that PLMN selection is supported
RAN area update
1. Connection resume message will include information that can at least indicate RAN area update. Inclusion of information to enable access control is not precluded
RAN area configuration
=>	Offline discussion to try to converge to a single solution (Nokia, offline discussion 46)
-	Update from offline: No consensus. Companies considered the area could be identified by either a cell list or a RAN area id list. Additionally a TA list was discussed but companies wanted more time
=>	Can be discussed again at the next meeting
2.2 RAN-based Notification Area Definitions
In terms of area range, the tracking area (TA) is the largest and the cell coverage is the smallest. RAN area is a new concept, and targets to define an area range between the tracking area and the cell. Basically, we can regard the “cell” as the unit of area.
When the UE first attaches to the network, the MME gives the UE a TAI (tracking area identity) list, within which the UE does not perform tracking area update (TAU) and the core network can page the UE. According to [4], TAI has 6 bytes constituted by 2 bytes of TAC (tracking area code) and 4 bytes of PLMN ID (i.e., MCC (mobile country code) and MNC (mobile network code)). Each TAC may contain one or more cells. The TAI list represents the UE-specific tracking area. The size of TAI list is between 8 and 98 bytes. That is, the maximum TA is supported to be 16 TAIs. Thus, when the UE performs tracking area update, the signalling overhead to convey the updated TA can be 8 to 98 bytes. We observe that there is a tradeoff between the frequency of tracking area update and the TAI list.
Observation 1: TAI list is between 8 and 98 bytes and supports 1 to 16 TAIs. 
Observation 2: Each TAI includes one or more cells. 
In the “LTE Light Connection” discussion, it is agreed in RAN2#97 meeting that the cell list for the RAN-configured paging area is defined using the CellIdentity and the maximum number of cells is 128. Whether to define the new RAN-configured paging area identifier (ID) as another option for the RAN-configured paging area is postponed for the future release [5]. If we can regard the RAN-configured paging area as the RAN-based notification area, the new RAN-configured paging area ID can be mapped to the RAN area ID. The intention of RAN area ID is to define an area between a tracking area and a cell. However, it is not clear how to define the RAN area ID so far. At least, this RAN area ID should be flexible to be managed and different from the tracking area identity. It is also not clear how the UE identifies itself to reselect a cell not belonging to the configured RAN-based notification area. It implies the RAN area ID may also include the cell-level information. 
Observation 3: For LTE light connection, the RAN-configured paging area is defined by a cell list with the maximum of 128 cells.
Observation 4: RAN area ID may include the cell-level information.
For Option (“cell ID list”), the UE is configured with UE-specific list of cells by the anchor gNB. Such list of cell IDs is the UE’s RAN-based notification area, which is similar to the RAN-configured paging area in the LTE light connection. Once the UE receiving the broadcast system information, in which the cell ID is not in the configured list of cells, the UE knows it leaves the RAN-based notification area and triggers the update procedure. In this option, the granularity of RAN-based notification area is cell level. In addition, the configuration of such area is flexible to the specific UE based on the scenarios and requirements. For example, the high-speed UE may be configured more cells to increase RAN-based notification area and reduce the signalling overhead for RAN-based notification area update. For example, if the cell coverage is small, the UE may be configured with more cells to increase RAN-based notification area. The UE can be configured via dedicated signalling. It is FFS whether the supported maximum cell number in a list is 128 or not.
Observation 5: Option (“cell ID list”) is flexible and configurable to different scenarios.
For Option (“RAN area ID list”), the UE is configured with RAN area IDs. The UE judges whether it leaves the RAN-based notification area by receiving the RAN area ID broadcast from the NR cells. Since cell ID broadcast is already mandatory, further RAN area ID broadcast may cause extra overhead for the gNB cell, which so far is only for the purpose of RAN-based notification area management. If this option is applied, we need to further consider the mapping relation between each cell and the RAN area ID, which may be inflexible. For example, how often the mapping relation changes, how to notify the UEs, and which network entity determines the RAN area ID. Especially, the mapping relation may change by event and hard to predict. If the mapping relation changes, it causes signalling overhead to notify the UEs. The granularity of the UE’s RAN-based notification area is equal to Option (“cell ID list”) if each RAN area ID is mapped to one cell. Once the UE receiving the broadcast system information, in which its assigned RAN area ID is not broadcast, the UE knows it leaves the RAN-based notification area and triggers the update procedure.
Observation 6: The mapping between the cells and RAN areas should be further studied in Option (“RAN area ID list”).
Observation 7: If Option (“RAN area ID list”) is applied, the gNB needs to broadcast RAN area ID, which brings much broadcast signalling overhead since the cell ID is already mandatory.
Table 1. Comparison of Two RAN-based Notification Area Definitions
	
	Option 
(“cell ID list”)
	Option 
(“RAN area ID lsit”)
	Option 
(“TAI list”)

	gNB cell broadcasts 
	Cell ID
	Cell ID and RAN area ID
	Cell ID and TAI

	UE is configured with (via dedicated signalling)
	Cell IDs
	RAN area IDs
	TAIs

	The mapping between the cell and RAN area
	N/A
	FFS
(The change of mapping may cause extra overhead for configuration)
	N/A
(The tracking area identity and definition are decided by the core network, which is inflexible to configure and change according to scenarios.)

	Granularity of RAN-based notification area
	Cell level
	 Cell level
 TA level
	 Cell level
(TA level)

	RAN-based notification area update
	The UE should be able to identify the reselected cell not belonging to the configured RAN-based notification area
	Similar to tracking area update, which involves the core network operation



	As shown in Table 1, there is a tradeoff between the dedicated signalling overhead and the granularity of RAN-based notification area. Option (“RAN area ID list”) may cause extra broadcast signalling and configuration signalling overhead resulted from its mapping relation between cells and RAN areas, which is inflexible when a cell/RAN area is added/removed. Option (“TAI list”) is inflexible to different scenarios due to large fixed tracking area, and the configuration requires the involvement of core network. Thus, considering the flexibility and low broadcast overhead, we prefer Option (“cell ID list”).
Proposal 1: Option (“cell ID list”) is applied for the definition of RAN-based notification area. 
2.3 An Assistant gNB for RAN-based Notification Area Update
	In Option (“cell ID list”), the UE triggers RAN-based notification area update procedure, when the UE receives the broadcast cell ID not in the list of cell IDs. In Option (“RAN area ID list”), the RAN-based notification area update procedure is triggered by the UE, when the UE receives the broadcast RAN area ID not in the list of RAN area IDs. Similarly, in Option (“TAI list”), such procedure is triggered by the UE, when the UE receives the TAI not in the TAI list.To keep the UE stay in RRC_INACTIVE for power saving, it is necessary to perform the UE-initiated RAN-based notification area update with less signalling overhead. 
The UE in RRC_INACTIVE may move across multiple RAN-based notification areas without UL/DL data communications. Thus, we consider only one gNB in one UE-specific RAN-based notification area is responsible for being the anchor of this UE to the source gNB, as shown in Fig. 1. That is, only one gNB in the new RAN-based notification area connects this UE to its source gNB. We call such a gNB as the “assistant gNB” for simplicity, which means the first gNB that the UE identifies with different RAN-based notification coverage. Only the assistant gNB in the new RAN-based notification area knows the UE’s source gNB and configures the UE with new RAN-based notification area. 
For signalling reduction, the UE initiates RAN-based notification area update only to the assistant gNB. Other gNBs in the UE’s RAN-based notification area keep broadcasting cell IDs for Option (“cell ID list”) and/or keep broadcasting RAN area IDs for Option (“RAN area ID list”) and/or keep broadcasting TAIs for Option (“TAI list”). There is no signalling exchange between other gNBs and the UE if the UE has no requirement for UL/DL data communications. Once the UE triggers RAN-based notification area update, the assistance gNB should inquiry the source gNB and the CN for the updated list of cells IDs and/or the RAN area IDs and/or the TAI list for the UE. Signalling between the assistant gNBs and the UE for the RAN-based notification area update is inevitable and should be kept to minimum. Only the assistance gNBs in each area configure and update the UE’s RAN-based notification area. 
Once DL data comes, the CN can first find the source gNB. Based on the anchor relationship between the source gNB and the assistant gNB, and between assistant gNBs (shown as red line in Fig. 1), the CN is able to reach the UE. When UL transmission is required, the UE performs RACH procedure to the camped cell. The camped cell can retrieve the UE context in the source gNB via the assistant gNBs.
[image: ]
Fig. 1 Illustration of the assistant gNB in a RAN-based notification area
Observation 8: The UE may go through multiple RAN-based notification areas without DL/UL transmissions.
Observation 9: The signalling overhead for RAN-based notification area update should be kept to minimum.
Observation 10: UE context transfer occurs when DL/UL takes place.
Proposal 2: Only one gNB (i.e., assistant gNB) is required to configure the update RAN-based notification area to the UE when UE identifies different RAN-based notification area. 
3. Conclusion
In this contribution, we discuss three definitions of RAN-based notification area (i.e., Option (“cell ID list”), Option (“RAN area ID list”), and Option (“TAI list”)), and propose an “assistant gNB” based approach to reduce the signalling overhead for RAN-based notification area update.
The observations and proposals are as follows.
Observation 1: TAI list is between 8 and 98 bytes and supports 1 to 16 TAIs. 
Observation 2: Each TAI includes one or more cells.
Observation 3: For LTE light connection, the RAN-configured paging area is defined by a cell list with the maximum of 128 cells.
Observation 4: RAN area ID may include the cell-level information
Observation 5: Option (“cell ID list”) is flexible and configurable to different scenarios.
Observation 6: The mapping between the cells and RAN areas should be further studied in Option (“RAN area ID list”).
Observation 7: If Option (“RAN area ID list”) is applied, the gNB needs to broadcast RAN area ID, which brings much broadcast signalling overhead since the cell ID is already mandatory.
Observation 8: The UE may go through multiple RAN-based notification areas without DL/UL transmissions.
Observation 9: The signalling overhead for RAN-based notification area update should be kept to minimum.
Observation 10: UE context transfer occurs when DL/UL takes place.


Proposal 1: Option (“cell ID list”) is applied for the definition of RAN-based notification area.
Proposal 2: Only one gNB (i.e., assistant gNB) is required to configure the update RAN-based notification area to the UE when UE identifies different RAN-based notification area. 
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