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Introduction
In RAN2 #99bis a response LS [1] to a RAN3 LS [2] on on definition of RAN Notification Area in inactive state was agreed. In the response, RAN2 indicated endorsement of that RNA should be possible to be defined as either a list of cells, either through RAN Area Codes or via a list of TAI’s. This contribution elaborates further on these definitions of RNA and in particular discuss challenges that may arise with respect to Xn connectivity.
The contribution is associated with ongoing discussions in both RAN3 and SA2 related to context fetch and RAN paging relay via the core network. See, e.g.,[3]. Since agreements on this topic directly impact RAN2 and RRC_INACTIVE usability, we propose that RAN2 should also voice an opinion.
[bookmark: _Ref178064866]Discussion
RNA purpose and use
The purpose with the RNA and RRC_INACTIVE is both to minimize latency, reduce signaling load and power consumption in the UE.. The RNA defines the area in which the RAN takes over responsibility both for mobile initiating and mobile terminating connections, and is really the area for which signaling and latency savings are possible. With RRC_INACTIVE, it is possible to avoid both the HO signaling in RRC_CONNECTED and the setup signaling when coming from RRC_IDLE. 

From a UE perspective, it is of interest that at least the cells that a UE is usually camping in are part of the RNA. It could very well be more cells, anything that allows the UE to quickly access and to get pages, while at the same time not be forced to, e.g., send a lot of area update signals, when maintaining regular and easily predictable movements. 
From a network perspective, if is of interest that signaling is optimized from a network load perspective, e.g., that paging is not distributed over a larger area than necessary and that UE’s are not updating their movements unnecessarily often. If an RNA is too small, then frequent RAN area updates increase signalling overhead and makes the whole feature less useful.

These different perspectives may be balanced and accounted for differently, with the various ways that are now agreed on how to configure an RNA. 
For example, a cell list may be created for UE’s that have a very repetititive behaviour but that isn’t necessarily aligning with behaviour of many other UE’s. On the other hand, if several UE’s show similar behaviors or mobility patterns, it makes sense to base an RNA on a TAI + RANAC and combine cells into an RNA, a combination relevant to many UE’s. In situations when there is either very little information or when behaviors are less predictable, or simply, the system load is not really an issue, it can be feasible to configure RAN Areas that are the size of TA lists.

[bookmark: _Toc498501916][bookmark: _Toc498597177][bookmark: _Toc498600998][bookmark: _Toc498616650][bookmark: _Toc497135698][bookmark: _Toc497900831][bookmark: _Hlk497129816]Dependent on what aspects that are important in certain situations and areas, and for certain UE’s, all three RAN2-endorsed methods of configuring RNA all seem to be feasible. A cell list for highly personalized areas and minimized paging, a RAN Area ID for areas where several UE’s show similar behaviour and a RAN area according to TAI list when there is little information or when system load is not an issue. 

It is expected that more than one of these three methods will be used in a network. 

Xn Connectivity
It is not feasible to provide Xn connectivity between all possible nodes and the primary factor to consider for when to establish/re-establish and prioritize between what nodes Xn should be set-up is active mode mobility.
Given Xn is setup based on active mode mobility and UE reporting of neighboring cells, it is fair to assume that cells configured on second or third tier neighboring RAN nodes will only rarely be reported and areas with Xn connectivity will therefore be limited, often to direct neighbour cells/NG-RAN nodes. 
In RAN3 NR AH#2-2017, a working agreement with respect to RNA definition was reached: 
“Working Agreement: 
· Xn should be available in RAN notification area
We assume Xn connectivity should now take into account both ACTIVE and INACTIVE mode mobility”

We would like to challenge this working agreement as we believe that the inactive mode mobility will play a less significant role than active mode mobility when prioritizing which nodes should have Xn connectivity. If there are ongoing connections, they will likely be considered more important to cater for, than to maintain Xn’s that were assumed when UE’s were configured with an RNA..

[bookmark: _Toc497135699][bookmark: _Toc497900832][bookmark: _Toc498501917][bookmark: _Toc498597178][bookmark: _Toc498600999][bookmark: _Toc498616651]It is more important to serve ongoing connections through Xn than to prioritize inactive UE RNA’s when determining what Xn’s to setup.

It may also be that, dependent on time-of-day and mobility trends, Xn connectivity may not look the same throughout a day. If both ACTIVE and INACTIVE mobility should be considered, and Xn, due to active mode mobility, need to be re-configured, this may directly impact the RNA. Either, this would necessitate a lot of RNA reconfigurations (dedicated signaling) to UE’s in INACTIVE with an RNA defined according to Xn availability or the RNA’s defined for RRC_INACTIVE would add constraints to how Xn can be set-up for active UE’s. It is not an option to have RNA’s not being updated or wrong, as this would impact the paging robustness negatively. All of the above seems unattractive and we would therefore propose that RNA does not require Xn connectivity. In the following, we look a bit more in detail on if there are differences dependent on how the RNA is defined.

RNA through cell list
A highly personalized RNA may be obtained through use of a cell list and advantages of such a list is that it is possible to optimize both from a UE perspective (limit signaling needs) and from a network perspective (signaling + tailor paging). However, with the Xn connectivity requirement, any level of personalization may be highly restricted.
In a scenario where there are very few UE’s having a certain cell pair as candidates for a personalized RNA, it may not be possible to maintain the Xn, and then, this would result in that personalization is sacrificed. 
[bookmark: _Toc497135700][bookmark: _Toc497900833][bookmark: _Toc498501918][bookmark: _Toc498597179][bookmark: _Toc498601000][bookmark: _Toc498616652]Requiring Xn connectivity within an RNA defined by a cell list negatively affect the possible personalization of RNA

RNA through RANAC, RAN Area Codes
The TAI + RAN Area codes define a predetermined area that is a subset of a TA. The feasibility of the RAN Area as defined by TAI and RAN Area Codes very much rely on that many UE’s show similar mobility and activity pattern. The level of personalization is low as cells cannot belong to more than one RAN Area. This seems however like an RNA configuration for which it would be very easy to plan Xn connectivity. On the other hand, the drawback is still that Xn cannot be dynamically (re-)configured, e.g., based on active mode mobility.
[bookmark: _Toc497900834][bookmark: _Toc498501919][bookmark: _Toc498597180][bookmark: _Toc498601001][bookmark: _Toc498616653]Requiring Xn connectivity within an RNA defined by RANAC negatively affect active mode mobility if Xn cannot be dynamically (re-)configured. Otherwise, if Xn can be dynamically re-configured, the static RNA configurations makes little sense and RNA would need to be updated through dedicated signaling
RNA through TAI list
The RNA can also be defined through a set of Tracking Areas, either exactly the same or a subset of the tracking areas included in the CN Registration Area. Configuring the RNA to a large area has the benefit of keeping the area update signalling overhead low while in RRC_INACTIVE state (and offer a battery mode/consumpion on par with CM-IDLE). The main drawback with this state is the large paging area. This RNA configuration may be feasible for UE’s that are seldom active or that are perhaps difficult to predict mobility for, or it may be feasible in networks that have very little load, where paging load is of less concern. Either way, it seems very difficult to require Xn connectivity over such large areas altogether.
[bookmark: _Toc498601002][bookmark: _Toc498616654][bookmark: _Toc497135702][bookmark: _Toc497900836][bookmark: _Toc498501920][bookmark: _Toc498597181]Requiring Xn connectivity within an RNA defined through TAI list seems not feasible. 
Having addressed all the different ways in which an RNA can be defined, it seems not feasible to require Xn connectivity, for various reasons. 
1. It restricts the level of personalization of RNA’s
2. It either restricts the dynamics of Xn for active mode mobility, or it forces redefinitions of RNA’s 
3. RNA may be too large
[bookmark: _Toc498501923][bookmark: _Toc498597184][bookmark: _Toc498601005][bookmark: _Toc498616659][bookmark: _Toc498501924][bookmark: _Toc498597185][bookmark: _Toc498601006][bookmark: _Toc498616660][bookmark: _Toc497135707][bookmark: _Toc497135797][bookmark: _Toc497900841][bookmark: _Toc498501925][bookmark: _Toc498597186][bookmark: _Toc498601007][bookmark: _Toc498616661]Allow RNA without requirement on Xn connectivity between all nodes/cells

Handling of RNA’s that lack Xn connectivity
We should note that not requiring Xn doesn’t mean it is not desired. Obviously, e.g., delay will be lower if there is Xn already established. Without Xn, it is still necessary that both context fetch and paging works. 
Context fetch when lack of Xn
At transition to RRC_INACTIVE, the UE context is stored in the RAN and in the UE. The UE is still considered to be in CM-CONNECTED in the AMF and both resources on NG control and user plane are maintained. The stored information in the UE context will allow for a faster resumption of the RRC connection and a faster switch to RRC_CONNECTED, than would have been the case if the UE would be in RRC_IDLE (and consequently also in CM-IDLE)
The UE triggers the transition to RRC_CONNECTED through a resume procedure, which may occur either in the NG-RAN Node holding the UE Context, or in any other node in the RAN Notification Area. If there is no Xn connectivity between the node holding the UE context and the serving node, it is still possible to let the serving node utilize the NG-C (N2) resources to contact the AMF for support. Through inclusion of Anchor NG-RAN Node ID (retrieved through I-RNTI) to the AMF, the AMF can request and retrieve the UE context from the Anchor NG-RAN node. This procedure, although it may add some additional latency for rare scenarios as opposed to an Xn-based context retrieval, at least saves the procedure and allows for higher flexibility when configuring RNA’s for UE’s while eliminating RNA Updates being conducted by a large amount of UEs crossing the Xn connectivity border.
[bookmark: _Toc497135704][bookmark: _Toc497900838][bookmark: _Toc498501921][bookmark: _Toc498597182][bookmark: _Toc498601003][bookmark: _Toc498616655]NG control plane may be used to get support from AMF for UE context retrieval when lack of Xn connectivity 

RNA Paging when lack of Xn 
When the UE is in RRC_INACTIVE and CM-CONNECTED, paging the UE is delegated to the RAN from the Core Network. The Core Network will not page the UE when new traffic arrives, but simply forward the traffic to the Anchor NG-RAN Node (The node holding the UE Context, or at least last serving node). It is thus up to the RAN to page the UE, from an AMF perspective, UE is CM-CONNECTED and CN paging is not triggered. 
In situations when there there is no Xn connectivity, the only way to spread the RAN paging from the last serving NG-RAN Node is through reliance on that NG Control plane to AMF can be used to further relay the page. The NG-RAN Node can send / forward a paging relay message to AMF and request AMF to relay this to all other RAN Nodes that are relevant for an RNA. 
[bookmark: _Toc497135705][bookmark: _Toc497900839][bookmark: _Toc498501922][bookmark: _Toc498597183][bookmark: _Toc498601004][bookmark: _Toc498616656]Relaying a page over AMF to other NG-RAN Nodes in the RNA is feasible 
In the discussion above, we have provided reasoning for why it is not a good idea to always require Xn connectivity for RNA’s and that it should be straight-forward to involve CN to support both context retrieval and paging relaying/distribution. 
We note that the topics addressed in this contribution has been discussed at length in both SA2 and in RAN3 and since agreements on this topic directly impact RAN2 and RRC_INACTIVE usability, RAN2 should also voice an opinion. From a RAN2-perspective it is important that the RRC_INACTIVE becomes usable and doesn’t drive any additional or new signaling load over the air, or otherwise create restrictions. With the agreement that an RNA can be of vastly different size, to support highly different use cases, it makes sense to not add other limitiations that renders these use cases unaddressable.

We propose that RAN2 takes the above observations and proposals into consideration and draft an LS to RAN3 and SA2 on RAN2 opinions.
[bookmark: _Toc498501926][bookmark: _Toc498597187][bookmark: _Toc498601008][bookmark: _Toc498616662][bookmark: _Toc497135798][bookmark: _Toc497900842]In situations when there is no Xn connectivity, rely on support from AMF for both context fetch and paging relay
[bookmark: _Toc497135708][bookmark: _Toc497135799][bookmark: _Toc497900843][bookmark: _Toc498501927][bookmark: _Toc498597188][bookmark: _Toc498601009][bookmark: _Toc498616663]Send an LS to RAN3 and SA2 to indicate RAN2 preferences on Xn connectivity and its impacts on usability of RAN Notification Areas and RRC_INACTIVE.

Conclusion

In section 2 we made the following observations:

Observation 1	Dependent on what aspects that are important in certain situations and areas, and for certain UE’s, all three RAN2-endorsed methods of configuring RNA all seem to be feasible. A cell list for highly personalized areas and minimized paging, a RAN Area ID for areas where several UE’s show similar behaviour and a RAN area according to TAI list when there is little information or when system load is not an issue.
Observation 2	It is more important to serve ongoing connections through Xn than to prioritize inactive UE RNA’s when determining what Xn’s to setup.
Observation 3	Requiring Xn connectivity within an RNA defined by a cell list negatively affect the possible personalization of RNA
Observation 4	Requiring Xn connectivity within an RNA defined by RANAC negatively affect active mode mobility if Xn cannot be dynamically (re-)configured. Otherwise, if Xn can be dynamically re-configured, the static RNA configurations makes little sense and RNA would need to be updated through dedicated signaling
Observation 5	Requiring Xn connectivity within an RNA defined through TAI list seems not feasible.
Observation 6	NG control plane may be used to get support from AMF for UE context retrieval when lack of Xn connectivity
Observation 7	Relaying a page over AMF to other NG-RAN Nodes in the RNA is feasible

Based on the discussion in section 2 we propose the following:

Proposal 1	Allow RNA without requirement on Xn connectivity between all nodes/cells
Proposal 2	In situations when there is no Xn connectivity, rely on support from AMF for both context fetch and paging relay
[bookmark: _GoBack]Proposal 3	Send an LS to RAN3 and SA2 to indicate RAN2 preferences on Xn connectivity and its impacts on usability of RAN Notification Areas and RRC_INACTIVE.
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