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1 Introduction
During RAN2#94, it was agreed to further 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 aspects of the RAN-based Paging Area for the RAN controlled state for NR. Companion contributions [4] and [5] discuss other aspects of the RAN controlled state for NR (hereafter “inactive state”).
2 RAN Based Paging
2.1 RAN-Based Paging Areas

In the RAN-controlled inactive state, from the NGC’s perspective the UE should be in ECM-CONNECTED state. For downlink data arrival and reachability, the NGC would then route data packets towards the RAN using the established S1-u (or NR equivalent) connection as for any UE in CONNECTED mode. The RAN would then initiate paging in cells of the RAN tracking area associated with the inactive state UE.
There are two options for realizing the RAN paging area: such area could be system/deployment-specific (i.e. same for all UEs in the paging area) or UE-specific (i.e. logical grouping of cells / TRPs / RAN areas).
System-specific RAN Paging area(s)
The system-specific approach could enable an identification based on a common identity broadcasted in all applicable cells and/or by all applicable TRPs. The UE configuration could then minimally consist of a single identity per area. At its simplest form, it could even be matched with the IDLE mode Tracking Area. 
However, such approach remains inflexible in terms of load management and dimensioning of resources for paging. In addition, paging for a given UE would be performed on all cells of the system-specific area even for low-mobility UEs in the inactive state.
UE-specific RAN Paging area(s)
The UE-specific approach could enable a better distribution of paging overhead as well as means to dynamically tailor the resources devoted to the RAN-based paging as a function of the number, type and mobility patterns of UEs in the inactive state.  Unlike conventional IDLE mode, such information can all be available in the RAN. However, one drawback is the increased amount of configuration items (i.e. required to define each area) and signaling overhead associated with dedicated signaling. .
The UE-specific approach is thus more flexible and should be preferred. Furthermore, the system-specific approach can be realized as a special case of the UE-specific approach.
Proposal 1:
NR support UE-specific RAN-Paging area(s) definitions that can be configured by dedicated signaling.
Single vs Multiple UE-specific Paging Area(s)

A UE in the inactive state could be configured with a single RAN paging area or with multiple RAN paging areas.
· Single RAN paging area per UE:
This would be suitable for low-mobility UEs, for UEs with relatively predictable mobility patterns, for paging areas with moderate paging load and possibly for system-specific areas in an uncoordinated TRP/small cell deployment. In such cases, a possible benefit would be that the area update procedure would be mainly timer-based (periodic) for large areas with the drawback of a possibly higher overall paging load.

· Multiple RAN paging areas per UE:
This would additionally be particularly applicable to UEs with higher mobility, for UEs with less predictable mobility patterns, for areas with varying and possibly high paging load. In such cases, a possible drawback would be that the area update procedure would be mainly event-based (change of paging area) for moderate to small paging areas with the possible benefit of a lower overall paging load.
Observation 1:
Support for multiple UE-specific RAN-based Paging Areas can be made resource efficient based on RAN knowledge of a configured services, mobility patterns when considering the population of UEs in the inactive state.

Proposal 2:
NR support configuration of multiple UE-specific RAN-Paging area(s) for a given UE.
2.2 RAN-Based Paging and Reachability in the Inactive State
As mentioned above, it may be possible to reuse similar physical channel structures as IDLE mode paging for RAN-based paging. Possibly, different RNTI and UE identities could be used over the same physical resources. However, this would increase the load on the paging channel used for initial access. Furthermore, UE-specific paging occasions applicable to the initial access may not be suitable for all types of services that could be supported with the inactive state e.g. URLLC.
One aspect of RAN-based paging is load distribution and management of paging resources. From the UE’s perspective, care should be taken to maximize power saving gains while ensuring the requirements of the configured services can be met in terms of latency.

Therefore, DRX-based paging occasions should at least be a function of the configured service (e.g. latency requirements and typical inter-burst patterns) and the desired distribution of inactive state UEs on the paging channel occasions.
Proposal 3:
A UE in the inactive state may be configured with a UE-specific DRX (FFS if per RAN-Paging area).

Proposal 4:
The UE-specific DRX for the inactive state is configured by dedicated signalling.

Such UE-specific approach enables UEs in the same paging area to meet their individual requirements in terms of the tradeoff between latency and power saving.
Preferably, the RAN-paging channel should thus be designed to support a different set of resources than that of the IDLE mode paging. 

3 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:
NR support UE-specific RAN-Paging area(s) definitions that are configured by dedicated signaling.
Observation 1:
Support for multiple UE-specific RAN-based Paging Areas can be made resource efficient based on RAN knowledge of a configured services, mobility patterns when considering the population of UEs in the inactive state.

Proposal 2:
NR support configuration of multiple UE-specific RAN-Paging area(s) for a given UE.
Proposal 3:
A UE in the inactive state may be configured with a UE-specific DRX (FFS if per RAN-Paging area).

Proposal 4:
The UE-specific DRX for the inactive state is configured by dedicated signalling.
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