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1 Introduction
During RAN2#95, it was agreed to further study the introduction of a “new state” for NR [1]:

Agreements:

1: 
RRC states with significantly overlapping characteristics should be avoided. 

2:  At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 

Agreement

1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4: 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed
This contribution discusses the design of the “new state” and other related aspects for NR. Companion contributions [3] and [4] discuss other aspects of the “new 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. ECM_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

In RAN2#95, it was agreed that the connection (both CP and UP) between RAN and Core should be maintained in the “new state”.  From a core network perspective the UE remains in NG_CONNECTED state and a signalling connection between the UE and CN network would be present.  Furthermore, the user plane/tunnel (or NG3 interface) should remain active in this state to facilitate fast transition to RRC Connected and fast data transmission 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 (i.e. NG_CONNECTED) principles for a UE in the inactive state and the NAS/bearer/user plane context should thus be kept. 
Proposal 1:
A UE in the inactive state remains in the NG_CONNECTED state
If the UE remains in NG Connected state, the CN is not expected to perform “NAS” level paging procedures or expect tracking area updates.  This implies that tracking and paging of UEs in inactive state can simply be done at the RAN level without the involvement of the NG network.  

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

Further aspects related to paging is discussed in companion contribution [4].  
Proposal 3:
A UE in the inactive state does not need to perform the IDLE mode Tracking Area Update procedure (or NR equivalent).

The CN may need to be notified when a NG2 or NG3 switch is necessary.  The trigger for the switch can be initiated by the RAN and details of the switch can be discussed during stage 3 discussions.  
In RAN2#95 it was discussed whether the new state can remain transparent to the CN.  Given that a UE remains in NG connected state, there is a NG2/NG3 connection, no CN level paging and RAN level mobility, the CN doesn not need to be aware of the UE transitioning to the inactive state.  However, the network may need to be aware of approximate UE reachability times in order to properly set its NAS response timers.  LTE uses NAS response timers for MT messages for UEs in connected mode.  If CN has MT signaling message while the UE is inactive, the NAS response timers may need to take into account the delay it would take for the RAN to page the UE and bring it to connected state.  Nonetheless, we think these are details that can be handled at a WI stage once the CP protocols are put in place. 
Proposal 4:
The inactive state can remain transparent to the CN. 

In RAN2#95 it was further agreed that there will be a mechanism where the UE first transits to the full connected state where data transmission can occur and for further study if some data transmission can be performed without moving to connected mode.  In order to meet the latency requirement of data transmission and to perform RAN level paging and mobility, some context, such as UE identities, radio bearer information, security context, etc, has to be stored at the RAN node.  Additionally since the UE can perform autonomous mobility, the RAN would need to implement storage and retrieval of UE-specific contexts for inactive state UEs. 

Proposal 5:
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.

3 Modelling of the Inactive State - RRC State or not?
In Rel-13, the suspend-resume function was designed as an additional procedure to allow for fast transition to RRC Connected with minimal signaling overhead. 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 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.

In the table below we analyze the key differences between inactive state and RRC Idle and RRC connected state.  
	Function
	RRC_IDLE
	INACTIVE
	RRC_Connected 

	Paging
	NAS level paging
	RAN level paging
	No paging (other than SI modification)

	Mobility
	Cell re-selection (UE autonomous)
	Cell re-selection within RAN areas (UE autonomous)
	Cell level network controlled mobility

	UE context
	No UE context
	(some) UE Context stored in RAN
	Full UE context stored

	Data transmission
	No data transmission
	Transition to connected

(FFS if some data transmission allowed)
	Data transmission allowed

	Connection to CN
	ECM idle or NG Idle 
	NG connected
	NG connected

	Power efficiency
	Power efficient state
	Comparable to Idle mode
	Less power efficient than idle


Comparison with RRC_IDLE

As seen from the table above the main key functional differences between IDLE mode and inactive mode are:

· Connection to core network: Inactive state UEs are NG Connected whereas Idle mode UEs are not.
· Paging: Inactive state UEs expect RAN level paging whereas Idle mode UEs expect NAS level paging.
· UE context in the RAN: Inactive state UEs have context in the RAN whereas Idle mode UEs does not.

RRC IDLE mode operation in all 3GPP RATs has been characterised by the fact that there is no connection to CN, no UE context, and CN based paging.  For this reason we believe that the new inactive state should be not be modelled as part of RRC IDLE.
Comparison with RRC_CONNECTED

When compared to RRC Connected mode, the following key differences are seen:

· Mobility: Inactive state UEs performs cell re-selection mobility whereas Connected mode UEs performs network controlled mobility
· Data transmission: Inactive state UEs need to transition to Connected state for data transmission whereas Connected mode UEs perform data transmission within the state.
· Paging: Inactive state UEs expect RAN level paging whereas in Connected state no paging is expected (other than for system information update).
· Power efficiency: Inactive state UEs has comparable power efficiency to the IDLE mode whereas Connected state is not expected to be power efficient.
Given these differences in functionalities, it is preferable to model the inactive state as a separate state (i.e. not a sub-state of CONNECTED or IDLE).  This may also be simpler from a specification perspective and for maintaince.  

Proposal 6:
The RAN-Controlled inactive state is modelled as a new RRC state (e.g. RRC CONNECTED INACTIVE or RRC INACTIVE).
Text proposal for the inactive state:

A text proposal proposing to capture the agreements above is provided in Annex (Section 6).  More specifically, we porpose to capture the following services and functions as candidates for inclusion in the new RRC inactive state:
-    RRC_INACTIVE:

-     Broadcast of system information;

-     Monitoring RAN Paging (within a RAN-based area);

-     Cell re-selection mobility (within a RAN-based area);

-     The UE shall have been allocated an id which uniquely identifies the UE in a RAN-Based area;

-     UE has an NR-RRC connection (FFS);

-     UE has context in RAN;

-     RAN knows the RAN-based area which the UE belongs to;
Proposal 7:
Capture the services and functions of Inactive state proposed in the text proposal (Annex) for inclusion in TR 38.804
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 NG_CONNECTED state

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

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

Proposal 4:
The new state can remain transparent to the CN. 

Proposal 5:
UE context should be stored in the RAN for inactive state UEs.
Proposal 6:
The RAN-Controlled inactive state is modelled as a new RRC state (e.g. RRC CONNECTED INACTIVE or RRC INACTIVE).
Proposal 7:
Capture the services and functions of Inactive state proposed in the text proposal (Annex) for inclusion in TR 38.804
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6 Annex

Below is the text proposal to TR 38.804 on RRC functions and UE states and state transitions.
5.5
RRC

Editor’s note: intended to capture both tight interworking and standalone aspects.
5.5.1
Functions

5.5.2
UE states and state transitions

Editor’s note: The outcome of study on “RAN controlled state” and its characteristics is to be captured here.
-    RRC_IDLE:
[Editor’s Note: The following services and functions can be used as a starting point:

-     Broadcast of system information;

-     Paging;

-     Cell re-selection mobility;

-     The UE shall have been allocated an id which uniquely identifies the UE in a tracking area;

-     No RRC context stored in the gNB;

]
-    RRC_INACTIVE:

[Editor’s Note: The following are potential services and functions:
-     Broadcast of system information;

-     Monitoring RAN Paging (within a RAN-based area);
-     Cell re-selection mobility (within a RAN-based area);
-     The UE shall have been allocated an id which uniquely identifies the UE in a RAN-Based area;
-     UE has an NR-RRC connection (FFS);
-     UE has context in RAN;

-     RAN knows the RAN-based area which the UE belongs to;

]
-    RRC_CONNECTED:

[Editor’s Note: The following services and functions can be used as a starting point:

-     UE has an NR-RRC connection;

-     UE has context in RAN;

-     RAN knows the cell which the UE belongs to;

-     Network can transmit and/or receive data to/from UE;

-     Network controlled mobility (handover and inter-RAT cell change order to LTE, FFS with other RATs);

-     Neighbour cell measurements;

]
The following figure provides an overview of the RRC states in NR standalone.
Editor’s note: Figure 5.5.2-1 will be updated to include transition with LTE and other RATs.
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Figure 5.5.2-1: NR state transition diagram – standalone
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