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1. Introduction

RAN notification area configuration and update procedures have been discussed in the recent RAN2 meetings. In RAN2#96, the following agreements were made [1]: 
1. RAN based notification area is UE-specific and configurable by the gNB via dedicated signaling

2. There will be a unique global Cell ID broadcast in system information of NR Cell
In addition, in RAN2#98, the following statement was noted [2]:
=>
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

2. Discussion
This section discusses the possible approaches aligned with the previous agreements in RAN2.
2.1. Cell ID List Approach
This approach has been discussed in a number of contributions. This option defines a UE-specific RAN notification area in cell level granularity, allowing a flexible configuration of the area definition. The apparent drawback of this approach is the size of the message that conveys the cell identity list in a situation where the network desires to design a RAN notification area with a large number of cells to avoid frequent RAN notification area updates. In LTE Light Connection, it was agreed that the maximum number of the cell IDs is 128, which might be sufficient for some cases but might not in some other. 
Observation 1: The cell ID list approach is a flexible solution as long as the size of the list is limited, but may not serve well in every case.
2.2. Tracking Area-based Approach

In contrast to the cell-ID list based approach, in general the area-based RAN notification area definition can support relatively large areas while avoiding the RRC message with a humungous cell ID list, with the cost of losing the cell-level granularity. One concern about this approach raised during the discussions was the signaling burden to be introduced by a new “area ID” broadcasted by each cell. In the offline discussion in RAN2#98, as mentioned in the chair note, use of a TA list was briefly discussed. Herein we would like to further discuss this.

The basic idea behind this approach is to allow the area definitions utilizing the area identity that already exists. As such, a RAN notification area can be defined by a TA or possibly a list of TAs. Since one of the objectives to introduce the RAN notification area is to hide the UE mobility from the core network and save the radio resource for paging, it is expected to be smaller than the TAU area and should be separately configured. Use of the CN-provided TA list for TAU will defeat the purpose.
In addition, the RAN notification area is UE-specific and therefore should be sent by a dedicated manner. It is reasonable to assume that this list should be sent in the same way as the cell ID list is sent.
The UE’s behavior upon crossing the boundary of the TA list for RAU will be in the following way:

· If the boundary is also the boundary of the TA list for TAU, the UE should perform TAU.

· Otherwise, the UE should perform RAU.
Observation 2: While losing cell-level granularity, a TA or a list of TAs can be served as a RAN notification area without defining a new broadcasted area ID.

Observation 3: TA/TA list is capable of supporting a coverage larger than what the cell ID list approach can.

Observation 4: The RAN notification area is expected to be smaller than the area for TAU, and therefore the TA/TA list for RAU should be configured separately from the CN-provided TA list for TAU. 
2.3. Combined Approach
As discussed earlier, there is no single solution that fits all, but the cell ID list and the TA-based approaches are rather complementary. If we allow to use either of them, or both, the network can choose the most suitable approach. It should be noted that the additional signaling load to support the TA-based approach on top of the cell ID approach is minimal; it requires a few entries of TAIs in the RRC message that contains the UE-specific area definition.

Observation 5: The Cell ID list approach and the TA-based approach are complementary.

One useful application of the approach combining both the cell ID and TA based is to minimize the ping-pong effect that could happen on the TA only based solution. If we use a single TA as a RAN notification area, UEs that move across the area boundary back and forth may generate excessive RAUs. As a well-known solution, use of a TA list including neighboring TAs seems to be one obvious choice. Fig. 1 shows a scenario where after crossing the boundary of the first RAN notification area, the UE is given a new area that contains the TAIs belonging to the previous area. 
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Fig. 1

In some deployment scenarios, the network may desire to have smaller RAN notification areas to reduce the paging load. Unless each TA is configured to be small, the area covered by the TA list including neighboring TAs may be much larger than necessary. In order to avoid this situation while minimizing the ping-pong effect, the RAN notification area can be defined as a combination of the cell IDs and TAIs. Fig. 2-1 and Fig. 2-2 show an example scenario of this combined approach. In Fig. 2-1, the UE is first provided TAI_1 as its RAN notification area. When the UE moves out of TAI_1 and enters TAI_2, it performs RAU and a new RAN notification area definition is eventually given, which consists of a TA list {TAI_2} and also a cell ID list {Cell_a, Cell_b, Cell_c, Cell_d}. The UE now considers the area defined by the aggregation of TAI_2 and the cell identities as a new RAN notification area. Consequently, in the case of the scenario shown in Fig. 2-2, the UE performs no RAU at the boundary of TAI_2 and Cell_c, but does perform at the boundary of Cell_a and TAI_1. 
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Fig. 2-2

Observation 6: The combined approach (Cell ID + TAs) accommodates the need of large RAN notification areas while avoiding excessive paging load, and capable of flexible configurations for area definitions, compared to using only one of the solutions.

3. Conclusion
RAN2 should provide flexible solutions to allow network operators to design RAN notification areas to accommodate their needs and requirements. In addition to the cell ID list approach that has been agreed in LTE, the TA list approach is capable of expanding deployment scenarios without introducing a new broadcasted identity.  
Observation 1: The cell ID list approach is a flexible solution as long as the size of the list is limited, but may not serve well in every case.

Observation 2: While losing cell-level granularity, a TA or a list of TAs can be served as a RAN notification area without defining a new broadcasted area ID.

Observation 3: TA/TA list is capable of supporting a coverage larger than what the cell ID list approach can.

Observation 4: The RAN notification area is expected to be smaller than the area for TAU, and therefore the TA/TA list for RAU should be configured separately from the CN-provided TA list for TAU. 

Observation 5: The Cell ID list approach and the TA-based approach are complementary.

Observation 6: The combined approach (Cell ID + TAs) accommodates the need of large RAN notification areas while avoiding excessive paging load, and capable of flexible configurations for area definitions, compared to using only one of the solutions.

Proposal 1: Adopt both the cell ID list and the TA/TA list approaches for defining RAN notification areas. 

Proposal 2: Configure TA/TA list for RAU separately from the CN-provided TA list for TAU.
Proposal 3: Allow combination of a cell ID list and a TA/TA list to form a combined area. 
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