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Introduction
In the RAN2#98, RAN notification area (RNA) configuration and update are discussed, and the following agreements are achieved:
· 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. 
· Connection resume message will include information that can at least indicate RAN area update. Inclusion of information to enable access control is not precluded.
However, there are still some open issues as to RNA. In this contribution, we discuss RNA configuration and RNA update procedure.
Discussion
RNA configuration
TR 38.804 [1] lists the following three alternatives on how the RAN-based notification area can be configured:
1) Alt 1: List of cells; 
· A UE is provided an explicit list of cells (one or more) that constitute the RAN-based notification area. 
2) Alt 2: 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. 
3)  Alt 3: Both the above two options
Alt 1 uses CELL ID list. Each inactive UE needs to be configured a cell list (RNA) through dedicated signaling. Large RNA needs lots of cells, which brings high overhead of dedicated signaling. Note that no extra broadcast overhead in this case.
Alt 2 uses RAN area ID list. Each cell broadcasts (at least one) RAN area ID which the cell belongs to, i.e., there is extra broadcast overhead compared to “list of cells”. The cell group for each RAN notification area ID can be preconfigured via OAM. This method also uses dedicated signaling to configure list of RAN area IDs (RNA) to inactive UE. 
Additionally, a TA list was discussed in RAN2#98, but no consensus is achieved. This mechanism can be referred as “TA-list + a network function for collection of paging assistance data” [2]. “a network function for collection of paging assistance data” comes from the UE location estimation in CN, which makes the paging range shrink to cell level (i.e. RAN paging). Meanwhile, the UE only perform RNA update when it moves into a cell that belongs to a new CN Tracking Area. Nevertheless, RAN paging may need to be performed more than once due to the unguaranteed accuracy of the UE location estimation, which may result in high complexity.
Although Alt 3 can utilize the merits of both Alt 1 and Alt 2, and thus adapt to two different use cases, it requires two sets of RNA configuration, which increases the signaling overhead significantly. Accordingly, we focus on Alt 1 and Alt 2. 
In case of “RAN area” (i.e. Alt 2), the minimal allocated unit (the cell group in each RAN area) is more than one cell and shared by multiple users, while the minimal allocated unit is just one cell in “list of cells” (i.e. Alt 1) . Consequently, there is more correlation between users in determining the cell group of each RAN area in “RAN area” than “list of cells”. As a result, “RAN area” has tighter restrictive relationship between users in RNA configuration than “list of cells”. Therefore, when the cell group in each RAN area is determined, “RAN area” has lower UE specific flexibility than “list of cells” if the RNA of a UE needs to be changed. However, “RAN area” can adapt to UEs’ characteristics by adjusting the cell group in each RAN area and the number of RAN area, and thus cover at least both “list of cells” and “CN area”. 
In addition, Xn deployment flexibility of the two alternatives is analyzed in [3]. In LTE, “RAN area” should ensure that there is X2 interface between any two eNBs within each RAN area, which is not needed for “list of cells”. Thus in LTE “list of cells” has higher flexibility on X2 deployment than “RAN area”. However, it is expected that in NR, because the coverage area of each gNB gets smaller than eNB in LTE and RNA update for inactive state will be very common, X2 interface will exist between any two gNBs regardless of “RAN area” or “list of cells”. Therefore, “RAN area” has the same flexibility on Xn deployment as “list of cells”.
Since in “list of cells” each UE needs to be configured the RNA in terms of a cell list by dedicated signaling, there is high overhead of dedicated signaling for RNA configuration per UE especially when the RNA is large. In contrast, “RAN area” just uses dedicated signaling to configure the RNA in terms of a RAN area ID list to inactive UE. In other words, “RAN area” can achieve less overhead of dedicated signaling for RNA configuration per UE significantly. Note that although compared with “list of cells”, “RAN area” has extra broadcast overhead due to each cell broadcasting (at least one) RAN area ID which the cell belongs to, the extra overhead from additional broadcast is much less than the excess overhead from dedicated signaling of “list of cells”.
The above analysis is concluded in the following table. Based on the analysis, it is reasonable that “RAN area” should be supported for RNA configuration in NR.
Table Ⅰ.Comparison of different RNA configuration
	
	advantage 
	disadvantage 

	List of cells 
	1\Higher UE specific flexibility 
	1\High overhead of dedicated signaling for RNA configuration per UE especially when the RNA is large
2\Frequent RNA update when the RNA is small for moving UEs 

	RAN area
	1\Lower overhead of dedicated signaling for RNA configuration per UE
2\Can adapt to UEs’ characteristics (include) by adjusting the cell group in each RAN area and the number of RAN area, and thus cover at least both “list of cells” and “CN area”
	1\Lower UE specific flexibility than “list of cells” 
2\Extra broadcast overhead: each cell broadcasts (at least one) RAN area ID which the cell belongs to. 

	Both  of List of cells and RAN area 
	Can adapt to two different use cases 
	More signaling overhead due to two sets of RNA configuration

	TA-list + a network function for collection of paging assistance data [2].
	1\The UE only perform RNA update when it moves into a cell that belongs to a new CN Tracking Area；
2\The location/paging of the UE may be known on a cell level
	RAN paging may need to be performed more than once due to the unguaranteed accuracy of the UE location estimation, which may result in high complexity.


Proposal 1: “RAN area” should be supported for RNA configuration in NR.
RNA update procedure
In RAN2#98, it is agreed that RNA update is performed via a resume procedure. The legacy resume procedure follows RRC state transition from INACTIVE to CONNECTED. The optimization of RRC state transition from INACTIVE to CONNECTED has also been discussed in RAN2#98, and it is agreed that the baseline is three-step procedure and “continue to discuss a 2 step procedure for the state transition if it can be used for all cases”. Moreover, optimized RRC connection resume procedure with keeping the UE in INACTIVE has also been proposed as a potential alternative for RNA update procedure. And both three-step and two-step methods have been proposed. Accordingly, the RNA update procedure includes the following four options, where in both option 1 and 2 the UE enters connected state. While in both option 3 and 4 the UE keeps in inactive.
1) Option 1: legacy RRC connection resumes procedure with three-step state transition from INACTIVE to CONNECTED;
2) Option 2: optimized RRC connection resumes procedure with two-step state transition from INACTIVE to CONNECTED;
3) Option 3: optimized RRC connection resumes procedure with three-step and INACTIVE kept;
4) Option 4: optimized RRC connection resumes procedure with two-step and INACTIVE kept;
Note that “three-step”/“two-step” in option 1/2 only covers the state transition procedure from INACTIVE to CONNECTED. The RNA update procedure also includes the behavior that the UE is sent back to INACTIVE when there is no service arrival for the UE. Option 1 is complete from perspective of both logic and security, so it should be regarded as the baseline for RNA update procedure. The feasibility of Option 2 depends on future discussion on two-step procedure for the state transition from INACTIVE to CONNECTED. 
Proposal 2: Legacy RRC connection resume procedure with three-step state transition from INACTIVE to CONNECTED should be the baseline of RNA update procedure in NR.
Compared with option 1,  option 3 keeps the UE in INACTIVE, and thus avoids the message that sends the UE back to INACTIVE, which is introduced by state transition in option 1. In order to do so, at least an indicator about whether to enter CONNECTED requires to be added to the legacy RRC connection resume message. As to option 4, in [4] it is proposed that the UE should receive the new Next hop chaining counter (NCC) when it enters RRC_INACTIVE, so that the network can directly suspend the UE to keep in RRC_INACTIVE.  However, whether the UE can receive the new NCC in advance depends on the state transition mechanism from connected to inactive, which has no consensus so far. Importantly, the potential state transition mechanisms from connected to inactive even include the case where no signaling from gNB to UE is needed, i.e. inactivity timer based transition. If this kind of transition mechanism is adopted, the UE has to seek other methods to acquire the new NCC. Option 3 is simpler and has less specification impacts compared to Option 4.
Periodic RNA update may occur more frequently than event-triggered RNA update depending on the periodic RNA update timer setting. Its goal is to notify the location of the UE to RAN. Therefore, it is not necessary to move the UE to CONNECTED during each periodic RNA update from an overhead reduction perspective. Moreover, the UE mobility within RNA should not impact the core network. Thus possible involvement of CN in support of periodic RNA update should be avoided or minimized. 
Proposal 3: The UE should be kept in INACTIVE during periodic RNA update procedure to avoid unnecessary signaling overhead. Option 3 where three-step procedure is used should be considered and possible CN involvement in support of periodic RNA update should be minimized.
Conclusion
This contribution discusses RNA configuration and RNA update procedure. We have the following proposals:
Proposal 1: “RAN area” should be supported for RNA configuration in NR.
Proposal 2: Legacy RRC connection resume procedure with three-step state transition from INACTIVE to CONNECTED should be the baseline of RNA update procedure in NR.
Proposal 3: The UE should be kept in INACTIVE during periodic RNA update procedure to avoid unnecessary signaling overhead. Option 3 where three-step procedure is used should be considered and possible CN involvement in support of periodic RNA update should be minimized.
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