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1 Introduction

In RAN2#94 meeting at Najing, RAN2 made the following agreement;

Agreements:

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 proposes further details regarding the RAN controlled state for NR.
2 Principles for the RAN controlled “inactive state”
As mentioned in [4], LTE system tightly coupled the U-plane state and the mobility procedure with the RRC_IDLE and the RRC_CONNECTED states and the LTE RRC state model caused some signalling overhead for data transfer especially when small data is sent/received. Therefore there are some study items and work items (such as light connection WID [3]) to improve the LTE system so that the LTE can handle small data traffic generated in RRC_IDLE state.

To address the issues seen in LTE system, we proposed to introduce a different state than RRC_IDLE and RRC_CONNECTED for NR.

UE context handling
One of the objectives for the new “inactive state” is signalling overhead reduction. 

There are at least 2 scenarios caused the signalling overhead.

1. Connection establishment

2. Mobility

For connection establishment signalling overhead reduction, the most of efforts on the connection establishment are taken for generating a context for a specific UE at CN and RAN (i.e. NAS/AS connection setup, bearer setup and security procedures). Therefore it’s better to keep the context for the UE in the network nodes.

Proposal 1: UE contexts in CN and RAN are be maintained in the new state.

Mobility aspect

One of the obvious requirements for NR is supporting efficient control plane signaling for all types of device mobility including stationary, nomadic, high speed, etc.

As [5] proposed, two types of measurements (uplink measurement and downlink measurement) should be considered for NR mobility study. For some deployment, the DL measurement based mobility works fine but that’s not always the case for all the scenarios such as high speed train. DL measurement based mobility in the inactive state should be similar to UE based cell reselection. In the UL measurement based mobility, multiple TRPs may receive UL signals from UE and then make mobility decision. 
Proposal 2: Study RAN internal signaling on how to support UL measurement based mobility for the “inactive state”.
Paging aspect

How to page UE is dependent on the mobility type.
For UL measurement based mobility case, the network knows exactly which cell serves the UE and so the network can page to the serving cell to reach the UE.

On the other hand, for DL measurement based mobility case, the network needs to page over a certain geographical area to reach the UE. The network needs to know where the UE is located with a certain UE location granularity for the paging and so UE needs to notify the network of the change of serving area event.

If UE needs to notify the network of every single serving cell change event via RRC/NAS signalling, then the signalling overhead won’t be reduced but increased. Therefore the serving area update event has to be limited. 
For example, in LTE system the idle mode UE performs a NAS Tracking Area Update procedure only upon a change of Tracking Area event and the LTE network may page entire tracking area’s cells to reach the UE in the worst case.
For NR, it looks not good idea to simply apply the tracking area concept for the “inactive state” because NR RAN architecture may be different from LTE one. For example, NR RAN may comprise a central unit and distributed units, where the central unit maintains UE contexts and the distributed units process radio signals and so it makes sense to define a RAN level registration area in which a UE is not required to notify a serving cell change event to the RAN so that the RAN registration area can be fine-tuned based on the RAN deployment (e.g. RAN RA is set according to the central unit’s coverage).

Proposal 3: A RAN registration area is defined and Network can configure UE to notify the RAN registration area change event only but not every single serving cell change event in the “inactive state”. 

Paper [6] has more detailed description on RAN registration area, paging and location management.

Resource allocation aspect

The UEs in the RAN controlled “inactive state” supposedly have no user data to transmit or receive immediately and so there is no point to assign any dedicated resource to the inactive state UEs.

Proposal 4: No dedicated resource is assigned to UEs in the “inactive state”. 

Small data transfer
There are at least two options for small data transfer in the “inactive state”. One is state transition into RRC_CONNECTED mode when user data becomes available and the other is non-othorgonal multiple access based small data transfer. However RAN1 is still discussing the latter option so it looks too early to discuss the small data transfer aspect for the “inactive state”.

Following table summarized the requirements for each NR RRC states.
Table 1: requirements for NR states

	
	RRC_IDLE
	RRC_CONNECTED
	“inactive state”

	CN/RAN connection
	None
	CN/RAN connection is maintained.
	CN/RAN connection is maintained.

	AS context
	Not stored in RAN
	Stored in RAN
	Stored in RAN

	Mobility
	Cell reselection
	RAN controlled mobility (Handover)
	1. UL measurement based mobility

2. DL measurement based cell reselection

	UE location granularity for MT data
	Tracking Area
	Cell
	RAN registration area

	Resource
	No resource is assigned to the UE.
	Dedicated resource is assigned to the UE.
	No dedicated resource is assigned to the UE.
A UE-ID (RNTI) may be assigned for the UE.

	Data transmission
	State transition
	Possible
	FFS


3 Conclusion
This paper discussed the requirements for the NR “inactive state” and we propose the following proposals based on our analysis.
Proposal 1: UE contexts in CN and RAN are be maintained in the new state.

Proposal 2: Study UL measurement based mobility and DL measurement based mobility for the “inactive state”.
Proposal 3: A RAN registration area is defined and Network should be able to configure UE to notify the RAN registration area change event only but not every single serving cell change event in the “inactive state”. 

Proposal 4: No dedicated resource is assigned to UEs in the “inactive state”. 
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