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Introduction
It has been agreed in SA2 that NR should support an efficient inactive “state” (with similar battery savings as in LTE’s IDLE) in both CN connected and in CN idle. In RAN2#95bis, companies agreed that modelling will be concluded when functionality is better understood (maybe in WI phase). It has also been agreed that for the scope of the study that with regards the inactive “state” in CN connected we will call RRC_INACTIVE.
Therefore, regardless whether RRC_INACTIVE will be modelled as a sub-state of Idle (or vice versa i.e. Idle as a sub-state of RRC_INACTIVE), a sub-state of RRC_CONNNECTED or as a third independent state, latest agreements from RAN2#95bis show some alignment among companies concerning the UE functionality in RRC_INACTIVE state, such as:
· The CN/RAN connection should be maintained for RRC_INACTIVE UEs 
· The UE should keep the AS context information
· The UE is allowed to move around within an area and the RAN should be aware when UE move outside this area
· It is the responsibility of the RAN to reach (notify) the UE when DL data arrives
In RAN2#95, the following question related to notification/tracking and paging delivery by CN and/or RAN for RRC_INACTIVE UEs has been identified: 
· FFS how CN location updates and RAN updates interact, if needed
This paper focus on the relation between RRC_INACTIVE and CN Idle and thus addresses the FFS regarding interaction between CN location updates and RAN updates, as well as the FFS whether the “new state” can be transparent to Core.
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Drivers for keeping CN/RAN connection
In Rel-13, the concept of RRC suspend/resume was introduced to reduce the amount of signalling needed for UEs returning from CN IDLE to CN/RRC connected. The benefits of this were twofold:
· It reduces the latency for UEs returning from IDLE, especially when the UE returns to the same node.
· It reduces the signalling overhead over the radio (which affects the UE battery consumption) for UEs sending small data and then returning to CN IDLE.
In that solution the UE re-uses the AS context when it returns to CN/RRC connected, which makes it possible to achieve these benefits without any drawbacks. Therefore, it seems quite logical that the same solution should also be used for all UEs in CN Idle supporting suspend/resume.
Observation 1: The solution for RRC Suspend/Resume in LTE is based on CN IDLE and similar solution for reusing the stored AS context can also be used for CN IDLE in NR.

The suspend/resume concept is now further evolved in LTE Rel-14 “light connected” as well as for NR. Many companies are discussing the introduction of solutions where the RAN has more control of the UE power saving state and where the CN/RAN connection is kept for UEs in power saving state. The potential benefits of this are:
· Potential enhanced performance from controlling UE power saving state in RAN (e.g. potentially reduced paging)
· Potential for further signalling reductions since frequent transitions between active/inactive can be performed without requiring that the CN is notified (FFS).
· Further latency reduction if UE returns in the same cell since RAN/CN connection is already up.
It should be noted, however, that these gains are not guaranteed and there could be scenarios where there are no gains and even losses with keeping the CN/RAN connection e.g.
· For inactive but highly mobile UEs it may not be beneficial to keep CN/RAN connection
· For UEs requiring very long DRX or Power Saving Mode (PSM) it may not be useful to keep CN/RAN connection and it could also introduce some issues related to CN not knowing where UE is or when it can be reached (e.g. for signalling).
· Introducing RAN control of inactive UEs may require operator to deploy more X2 connections since otherwise some negative effects could occur due to lack of X2 connectivity, such as
· Need to configure much smaller notification areas leading to more UE/network signalling
· Higher risk for lost packet, e.g. due to UE moves between RAN areas with no X2 connectivity or support packet forwarding
· It is not certain RAN based paging mechanism are more efficient than CN based paging with assistance information provided by RAN which was introduce in earlier release.
Observation 2: The gains with keeping CN/RAN connection and introducing a RAN Controlled UE state are not guaranteed in all scenarios and careful consideration is needed when designing the solution. 

Relation between RRC_INACTIVE and CN IDLE
Based on the latest discussions in RAN2#95 and RAN2#95bis there seem to be many similarities in terms of UE behaviour for UEs in RRC_INACTIVE and CN Idle. Some of these similar procedures are the following:
· UE triggered cell reselection to the “best cell” based on network configuration
· UE should monitor paging channels (or any other DL notification channel)
· UE triggered state transition at incoming data/signalling/paging
· UE triggered area update procedures
· UE should attempt to reuse old AS context when performing state transition (this is obvious for UEs in RRC_INACTIVE, but it also makes sense in CN Idle (see observation 1) in order to reduce signalling as shown in the Rel-13 Suspend/Resume case)
· In case the AS context cannot be reused e.g. at RLF, or state transition, the AS context will be re-built from the NAS context
Observation 3:	The UE behavior in CN IDLE and RRC_INACTIVE is expected to be very similar and it would be beneficial to harmonize this behaviour to minimize implementation effort, specification work, UE testing, etc.

Despite the similarities in UE behaviour, we acknowledge that some differences may exist between CN Idle and RRC_INACTIVE such as:
· “notification area” or “tracking area” management, 
· UE-specific configuration in inactive state e.g. DRX period, Paging Occasions, etc.
It is our view, however, that these notification areas should also be aligned between RAN and CN. The benefits of such alignment are the following: 
· Increased robustness, if the RAN context, RAN paging etc. for some reason fail it should be possible to fall back to CN Idle and use CN paging
· Less signalling, if the network wants to tear down the RAN/CN connection it should be able to do this without first have to page the UE.
· Single UE behaviour for both scenarios simplifies testing, specification, implementation etc. 

Proposal 1: The UE should be able to receive both CN and RAN initiated paging in RRC_INACTIVE to increase robustness and reduce signalling (when transitioning between CN Idle and CN Connected on the network side). This should be done in a transparent manner to the UE (FFS).
Proposal 2: The Paging Occasions for UEs monitoring paging in CN Idle and CN Connected should overlap to save UE battery consumption.
Proposal 3: The RAN and CN “paging area” or “notification area” management should be aligned so that the UE is always reachable for CN paging.
It is important to highlight that the alignments above does not preclude RAN based optimization for UEs in inactive ‘state’, which goes beyond the basic reachability functionality which is aligned with CN Idle. These RAN based optimization could include enhancements to the state transitions using additional measurements / references signals, smart paging, smaller paging areas etc.
Proposal 4: RAN based optimizations for inactive UEs should be studied, assuming these optimizations still fulfil the assumption that the UE is always reachable for CN paging.


The need for separate CN and RAN tracking/notification areas
Given that there will be a need to support CN Idle paging and associated CN tracking areas (as agreed in SA2 TR 23.799 “UE and core network shall at least support tracking area list as registration area.”), it needs to be discussed what is RAN notification areas and how/if they are different from CN tracking areas. Possible solutions include:
1. Introducing a new, explicit RAN Paging Area (PA) in addition to the (CN) Tracking Area. UEs in  RRC_INACTIVE are registered in RAN to a list of such RAN PAs and will contact the network when moving out of that area.
2. Registering the UE to a list of cells, configured by the serving RAN node. UEs in RRC_INACTIVE will contact the network when moving out of the area defined by the list of cells.
3. Neither introducing a new explicit RAN Paging Area nor configuring (UE specific) list of cells, but relying on the (CN tracking) area concept only.
Given the need for the UE to be reachable to CN paging, it is required that the RAN area is always smaller or the same size as the CN areas (since the network should be updated when UE moves outside the area used for CN paging). On the other hand, smaller RAN paging areas may introduce extensive Uu signalling when the UE moves. This signalling can be considered as more expensive as compared to the case when the RAN/CN  connection is released when the UE moves to inactive state.
Potential benefits of having RAN areas could be to cover the cases where there are restrictions on the possibility to perform RAN paging (e.g. due to limited X2 connectivity). In this way UE updates can be triggered when or before UE enters a new gNB/eNB with no X2 connectivity so that the RAN context can be moved. It could be questioned though if there is anyway not a need to define CN assisted paging and context fetching as outlined in R2-166920 to support such scenarios (e.g. with limited X2), and in that case it could be questioned what is the benefits of RAN areas.
A potential drawback with RAN areas is that in addition to possible additional signalling therer could be an additional configuration burden for the operator to plan, optimize multiple area concepts.
Overall we think this topic is highly related to the assumptions on the other proposals so further studies are needed before conclusion. The paper R2-166920 provides more details on the signalling flows needed to support the different options above. 
Proposal 5: The need for separate RAN notification areas is for further studies depending on the agreements on CN reachability etc.

Conclusion
Observation 1: The solution for RRC Suspend/Resume in LTE is based on CN IDLE and similar solution for reusing the stored AS context can also be used for CN IDLE in NR.
Observation 2: The gains with keeping CN/RAN connection and introducing a RAN Controlled UE state are not guaranteed in all scenarios and careful consideration is needed when designing the solution. 
Observation 3:	The UE behavior in CN IDLE and CN Connected inactive “state” is expected to be very similar and it would beneficial to harmonize this behaviour to minimize implementation effort, specification work, UE testing, etc.

Proposal 1: The UE should be able to receive both CN and RAN initiated paging in RRC_INACTIVE to increase robustness and reduce signalling (when transitioning between CN Idle and CN Connected on the network side). This should be done in a transparent manner to the UE (FFS).
Proposal 2: The Paging Occasions for UEs monitoring paging in CN Idle and CN Connected should overlap to save UE battery consumption.
Proposal 3: The RAN and CN “paging area” or “notification area” management should be aligned so that the UE is always reachable for CN paging.
Proposal 4: RAN based optimizations for inactive UEs should be studied, assuming these optimizations still fulfil the assumption that the UE is always reachable for CN paging.
Proposal 5: The need for separate RAN notification areas is for further studies depending on the agreements on CN reachability etc.
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