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1 Introduction
In LTE Rel-13, the suspend-resume feature enables a quick transition from an inactive/sleep state towards data transmission while reducing signalling overhead. The CN-RAN connection is not maintained when the UE’s RRC connection is suspended as the UE transits to ECM_IDLE state. After resuming the connection, security is continued.

In LTE Rel-14, the light connectivity feature uses the Rel-13 suspend-resume functionality as baseline (as agreed during RAN2#93bis) and can thus further reduces RAN-CN signalling by supporting UE-based mobility and RAN-based paging. The RAN-CN connection is maintained and the MME is not informed when the eNB moves the UE to the light connected state i.e. the UE remains in ECM_CONNECTED. RAN-based paging, mobility at RAN level and UE context storage/retrieval will also be studied. Clearly, there are similarities between Rel-13 suspend/resume, Rel-14 light connectivity and agreements from RAN2#94 to study the introduction of a RAN controlled inactive state for NR [1]:
Study the introduction of a RAN controlled “state” characterised by, at least:

a/ 
UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b/
Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"

FFS whether " state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:

a/ the CN/RAN connection is maintained

b/ AS context stored in RAN

c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.

d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"

e/ No dedicated resources

This contribution discusses the design of the RAN controlled state and other related aspects for NR. Companion contributions [4] and [5] discuss other aspects of the RAN controlled state for NR (hereafter “inactive state”).
2 RAN Controlled State for Inactive UEs
In LTE, the simple RRC state machine consists of only two states:
· RRC_IDLE - characterized by high power savings, UE autonomous mobility and no established UE connectivity towards CN (i.e. EMM_IDLE) such that the UE cannot transmit any user plane data; 
· RRC_CONNECTED - whereby the UE can transmit user plane data while mobility is network-controlled to support lossless service continuity.

For NR, a RAN-controlled state for inactive UEs (hereafter “inactive state”) will be studied as per the above agreements. Such state is expected to provide benefits for NR when supporting a wider range of services such as eMBB, mMTC and URLLC which have very different requirements in terms of signalling, power saving, latency, etc. It would thus be beneficial to design the inactive state to be service independent, flexible and configurable by the network to support different tradeoffs between power consumption, resource usage and latency to resume data transfers.
2.1 Connectivity with NextGen Core

Ideally, RAN connectivity with NextGen Core (NGC) should be maintained for a UE in the inactive state to enable new data transfer with very low latency and with minimal RAN-NGC signalling overhead. SA2 is currently discussing packet forwarding and QoS that would be based on per-flow routing and packet QoS marking rather than on tunneling management for S1-u. Given this, data transfers for a service that is already configured for a UE in the inactive state should resume without the need for additional RAN-NGC and/or NAS signaling. In other words, the connectivity principle for the RAN-NGC connection should be based on the ECM-CONNECTED principles for a UE in the inactive state and the NAS/bearer context should thus be kept. 
Proposal 1:
A UE in the inactive state remains in the ECM-CONNECTED state (or NR equivalent).

Proposal 2:
A UE in the inactive state does not perform the IDLE mode paging procedure (or NR equivalent).

Whether a same or a different physical channel is used for IDLE mode and for RAN-based paging of inactive state UEs is FFS. Furthermore, whether or not the same set of physical resources are used is discussed further below.  

In the RRC_CONNECTED state, TAU is not required since the location of the UE is tracked at the cell level. For the RAN controlled inactive state, location tracking for inactive state UEs would be handled at the RAN level using a RAN paging area update procedure. Therefore, the TAU procedure is thus also not needed.
Consequently, the NGC does not need to receive any location update from the UE: 

Proposal 3:
A UE in the inactive state does not perform the IDLE mode Tracking Area Update procedure (or NR equivalent).

The RAN would thus not inform the NGC (or MME equivalent) when a RRC CONNECTED UE would be configured or moved to the inactive state. Consequently, RAN-based paging and UE-autonomous mobility can be hidden from the NGC by confining paging and mobility at the RAN level.
Observation 1:
RAN-based Paging and UE-autonomous mobility events are hidden from NGC for inactive state UEs.

This would further reduce S1-like signaling for mobility and handover typically associated to the CONNECTED state.
Consequently, the RAN would need to implement storage and retrieval of UE-specific contexts for inactive state UEs. 

Observation 2:
UE context should be stored in the RAN for inactive state UEs.
Another implication of the above is that a UE could only be first configured with the RAN-controlled inactive state once it has an established RRC connected with security activated i.e. when in RRC CONNECTED mode.

2.2 Support for User Plane Data Transfers
In the RAN controlled inactive state, if the UE is considered in ECM-CONNECTED state from the NGC’s perspective one could consider that user plane (UP) data transfers could be supported. However, an inactive state UE is expected to perform autonomous mobility; new mechanisms would need to be introduced to ensure lossless service continuity if transmission of user plane data is supported in such state. This could possibly come at the expense of significant additional complexity.

Given a reconnection procedure that would have sufficiently low latency, a more straightforward approach would be to always require a transition to the RRC_CONNECTED state to perform data transfers. Such transition would also be faster than performing an initial access from the IDLE mode since that the RAN-NGC connection/context is maintained

Additionally, a fast access method [3] could be used to quickly reestablish dedicated resources and enable data transfers. Nevertheless, the advantage of this option is simplicity by reusing the existing RRC_CONNECTED state.
Proposal 4:
As a baseline, upon uplink data arrival or upon reception of RAN-based paging, the inactive state UE initiates a transition to the RRC CONNECTED mode before it may resume transmission of UP data.

Further optimizations for specific cases e.g. small data transfers or services with specific QoS may be further studied.
3 Modelling of the Inactive State - RRC State or not?
In Rel-13, the suspend-resume function was designed as an additional procedure. For Rel-14, it remains to be decided whether or not the light connected feature will be realized using a new RRC state. Similarly for NR, RAN2 should consider how to best realize the RAN-controlled inactive state.
Typically, IDLE mode is considered to be a low power state and used when the UE powers on and is not active. CONNECTED mode is used for performing transmission of user plane data while being entirely managed by the network, including mobility. In this respect, the RAN-controlled inactive state is something in-between.

The key question is then rather a matter of ease of specification in terms of defining functionality and transitions.

Proposal 5:
The RAN-Controlled inactive state is modelled as an RRC state (e.g. RRC CONNECTED INACTIVE or RRC INACTIVE).

Below is an example of a possible NR RRC state machine and transitions, assuming that IDLE mode is also supported.

	RRC IDLE ( RRC CONNECTED:
1) RRC IDLE to RRC CONNECTED
e.g. Initial Access / uplink data arrival / paging reception
2) RRC CONNECTED to RRC IDLE

e.g. RRC Connection Release / RLF

RRC CONNECTED ACTIVE ( INACTIVE:

3) RRC CONNECTED ACTIVE to INACTIVE

e.g. RRC Connection Reconfiguration, others FFS.

4) RRC CONNECTED INACTIVE to ACTIVE

e.g. uplink data arrival / paging reception, others FFS.

RRC CONNECTED INACTIVE ( RRC IDLE:
5) RRC CONNECTED INACTIVE to RRC IDLE

e.g. Expiration of RAN PA Update timer + reselection to TRP/cell not in configuration, reselection failure, power off.

RRC IDLE ( RRC IDLE:
6) Similar as for LTE RRC IDLE / reselection.

RRC CONNECTED INACTIVE ( INACTIVE:
7) TRP/cell reselection to suitable cell in same RAN PA.

8) Note: The transition RRC IDLE to RRC CONNECTED INACTIVE is not coherent with the idle mode principle whereby there is no context stored for the UE in the RAN and whereby the UE is also in ECM-IDLE.
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4 Conclusion

RAN2 should discuss the above and use the following observations and proposals as working assumptions for further work on the RAN-controlled inactive state in NR Study Item for R14:
Proposal 1:
A UE in the inactive state remains in the ECM-CONNECTED state (or NR equivalent).

Proposal 2:
A UE in the inactive state does not perform the IDLE mode paging procedure (or NR equivalent).

Proposal 3:
A UE in the inactive state does not perform the IDLE mode Tracking Area Update procedure (or NR equivalent).

Observation 1:
RAN-based Paging and UE-autonomous mobility events are hidden from NGC for inactive state UEs.

Observation 2:
UE context should be stored in the RAN for inactive state UEs.
Proposal 4:
As a baseline, upon uplink data arrival or upon reception of RAN-based paging, the inactive state UE initiates a transition to the RRC CONNECTED mode before it may resume transmission of UP data.

Proposal 5:
The RAN-Controlled inactive state is modelled as an RRC state (e.g. RRC CONNECTED INACTIVE or RRC INACTIVE).
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