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1. Introduction
In the latest running CR [1] to TS38.300, the following was captured regarding the RAN-Based Notification Area (RNA):
“A UE in the RRC_INACTIVE state can be configured with an RNA, where:

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

- a RAN-based location area update (RLAU) is periodically sent by the UE and is also sent when the cell reselection procedure of the UE selects a cell that does not belong to the configured RNA.

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.

- 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.”
There is an open issue on whether one alternative or both are agreed in order to configure the RNA by the network in [1]. In order to resolve this issue, some contributions were submitted to RAN2#98 meeting. However, after online and offline discussion, there was still no consensus on this issue. Additionally, a TAC list was discussed [2] besides the cell ID list and the RNA ID list. Finally, it was proposed that the issue will be discussed again at this meeting. 

In this contribution, further considerations on RNA configuration are provided where all 3 options are evaluated:

· Cell ID list

· RNA ID list

· TAC list
2. Discussion

The following options were provided during RAN2 discussions:

· Option 1: cell ID list

In this method, no specific ID needs to be defined and the cell ID(s) of the cell(s) which will be contained in a UE-specific RNA can be indicated by the network.
· Option 2: RNA ID list

In this method, each cell will broadcast a RNA ID which is used by the UE in the RRC_INACTIVE state to identify which area the cell belongs to. A list of RNA IDs will be signalled by the network in order to configure the UE-specific RNA.

· Option 3: TAC list

RAN2 agreed that there will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell. In this method, the NG Core/CN based area ID (e.g. TAC in LTE) will be reused for RNA configuration. A list of TAC can be configured by the RAN node.
In the following sections, we will provide our considerations on these options respectively.
2.1. TAC list

For a UE in RRC_INACTIVE state the TAC list option cannot be used as an independent method to configure the RNA since this option cannot apply in all scenarios have been agreed in RAN2. For example, if the RNA is smaller than CN area, then in this case the gNB does not know how to configure the smaller RNA by using the TAC. As shown in Figure 1, the UE is configured with a CN tracking area, i.e. TA list 1 {TA1, TA2}. When the RAN configuration is required, the TAC ID(s) should be indicated by the network if TAC list option is used. However, there is no way to configure the UE-specific RNA by any TAC.
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Figure 1. RNA vs. TA list
Observation 1: TAC list option cannot be used as an independent option to configure the RNA for UEs in RRC_INACTIVE state.
Then the question is whether the TAC list can be used in addition to the cell ID list option and/or the RNA ID list option. If the CN based area ID, e.g. TAC is used for RNA configuration, it can restrict the flexibility of RAN configuration as it blocks the possibility that RAN level location tracking can be used independent from CN level tracking. 
Additionally, the RNA is configured by the RAN node, e.g. the gNB, while the TAC list, which requires NAS-level knowledge, cannot be known at gNB. Thus a mechanism to notify NAS-level information, i.e. the TAC list, to the gNB needs to be introduced, if the TAC list is used to configure the RNA for the UE.

Considering the flexibility and the 5G timeline, we propose not to use TAC list as an addition to configure the RNA for UEs in RRC_INACTIVE state.

Proposal 1: TAC list is not used to configure the RNA for UEs in RRC_INACTIVE state.

2.2. Cell ID list vs. RNA ID list
For both option 1) and option 2), the UE-specific RNA can be configured based on the UE characteristics, e.g. UE speed  and UE history information, then using the cell ID list option is more flexible than the RNA ID list since its granularity is one cell. But one cell configuration is a subset of both option 1) and option 2), i.e. the same flexible configuration can be supported by both these two options.

Observation 2: Both cell ID list option and RNA ID list option can support the same level of flexibility of configuration for the RNA configuration.

During the RAN2 discussion, signalling overhead reduction is considered as one advantage of the RNA ID list option. At the same time, the additional signalling overhead of RNA ID in system information should be considered in the case option 2) applies. On demand SI is introduced in order to reduce signalling overhead incurred by system information in NR. The method by broadcasting some kind of index/identifier to enable the UE to avoid re-acquisition of already stored SIB(s) is agreed as well. By such mechanisms, the signalling overhead of RNA ID broadcast can be reduced.

If the number of cells included in one RNA is larger, then the signalling overhead using dedicated RRC message for option 1) is higher than using broadcast for option 2). Therefore, option 1) requires more signalling overhead considering that many cells will be included in one RNA for the normal case.

Observation 3: RNA ID list option is better than cell ID list option from signalling overhead point of view.

It is well known that the RRC INACTIVE state is a new state supported in NR and the concept of RAN based notification area is introduced for this new state. In the UE-specific RNA, a UE in RRC_INACTIVE state moves without the need of network control. The UE-specific RNA is determined by the NR RAN node, e.g. gNB, which will result in additional complexity for gNB implementation. For example, the gNB needs to decide how large the RNA can be configured, whilst taking, e.g. UE speed, into consideration. Also, which cell ID(s) or RNA ID(s) will be contained in the RNA configuration will depend on the gNB based on e.g. network deployment and UE history information. Usually, it is independent of the RNA configuration methods used by the gNB, e.g. cell ID list or RNA ID list. However, the situation may be different in some cases. For example, as shown in Figure 2, there are 3 cells in the area at the beginning and then an additional cell4 is deployed/activated.
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Figure 2. Cell layout
If option 1) applies, a cell ID list {cell1, cell2, cell3} is configured as the UE’s RNA at the beginning. After cell4 is deployed/activated, the updated area configuration, e.g. cell ID list {cell1, cell2, cell3, cell4} is assumed for every UE which will incur more signalling overhead. Or in order to avoid this configuration update, all potential cells even “deactivated” cell(s) could be included in the cell list at the beginning. This results in unnecessary signalling overhead to configure the cell(s) which may be available in the future and complexity since all potential variants of deployment should be taken into consideration.
If option 2) applies, on the other hand, cell1, cell2 and cell3 broadcast Area ID 1. Area ID 1 is configured as the UE’s RNA via dedicated RRC signaling. After cell4 is deployed/activated, cell4 also broadcasts Area ID 1 and then no RRC dedicated signalling is needed for area configuration update. 
Based on these analysis, it can be observed that option 2) is simpler than option 1) to configure the RNA. If additional cell deployment/activation is considered, more signalling overhead for option 1) can be observed.
Observation 4: RNA ID list option is better than cell ID list option when the signalling overhead for additional cell deployment/activation is considered.

Based on these considerations, the comparison of cell ID list vs. RNA ID list is summarized in Table 1.

Table 1: comparison of cell ID list option vs. RNA ID list option
	
	Option 1) cell ID list
	Option 2) RNA ID list

	Flexibility of RNA configuration
	· Cell list based notification area;

· One cell can be supported
	· RNA list based notification area;
· One cell can be supported.

	Signalling overhead
	· Signalling overhead on dedicated RRC message is high especially additional cell deployment/ activation is considered
· No signalling overhead on broadcast
	· Signalling overhead on dedicated RRC message is low.

· Signalling overhead on broadcast can be reduced by multiple solutions on the table.

	Complexity in network
	· High
	· Low


From Table 1, we can see that option 2) is better than option 1) in both signalling overhead and complexity aspects, while these two options are comparable in the flexibility of the RNA configuration. Therefore, we prefer option 2), i.e. the list(s) of RAN based notification area ID(s) will be configured to the UEs.

Proposal 2: The new RNA ID shall be introduced in order to configure the RNA for UEs in RRC_INACTIVE state.

3. Summary
In this contribution, our considerations on options of RAN based notification area configuration are provided and the following observations and proposals are made: 

Observation 1: TAC list option cannot be used as an independent option to configure the RNA for UEs in RRC_INACTIVE state.
Observation 2: Both cell ID list option and RNA ID list option can support the same level of flexibility on the RNA configuration.

Observation 3: RNA ID list option is better than cell ID list option from signalling overhead point of view.

Observation 4: RNA ID list option is better than cell ID list option when the signalling overhead for additional cell deployment/activation is considered.

Proposal 1: TAC list is not used to configure the RNA for UEs in RRC_INACTIVE state.
Proposal 2: The new RNA ID shall be introduced in order to configure the RNA for UEs in RRC_INACTIVE state.
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