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1 Introduction
During RAN2#95, it was agreed to further study the introduction of a RAN controlled inactive state for NR [1]:

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

During RAN2#95bis, it was further agreed that “modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE” [2] i.e. hereafter “INACTIVE state”.

This contribution discusses aspects of the UE-autonomous mobility for the INACTIVE state for NR. Companion contribution [4] discuss paging for UEs in INACTIVE state.

2 UE-Autonomous Mobility
2.1 Mobility Procedures
During RAN2#95 it was agreed that for UE in the INACTIVE state, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

In the RAN controlled inactive state, the network knows the location of the UE at the granularity of configured RAN paging area(s).
The following may occur as the UE moves in the system:

1) UE mobility within the same TRP/cell – The UE performs only periodic location update towards the RAN;

2) UE mobility from one TRP/cell to another of the same paging area – As the UE reselection procedure results in the selection of a suitable cell of the same paging area, the UE performs only need to rely on periodic location update towards the RAN and no further action is required.
Proposal 1:
The UE performs timer-based RAN location update.

Proposal 2:
The RAN location update timer is configured by the network. The UE restarts the timer every time it determines that it successfully completed an RRC procedure (e.g. RRC reconfiguration for inactive state, location update, RRC reconnection).
3) UE mobility from one TRP/cell to another of a different paging area of the UE’s configuration – A UE configured with multiple paging areas may perform reselection that results in the selection of a suitable cell of a different paging area which paging area is determined to be part of the UE’s configuration; in such case, the UE should immediately perform the event-triggered location update towards the RAN.

Proposal 3:
The UE performs event triggered RAN location update when it re-selected to a TRP/Cell of a different paging area of its configuration.

4) UE mobility from one TRP/cell to another of a different paging area not part of the UE’s configuration – A UE may perform the reselection procedure that results in the selection of a suitable cell that is not part of any of the paging area(s) of the UE’s configuration. In this case, it may be appropriate to handle this case similar to UE in RRC_CONNECTED state since the UE is considered as being in the NG-CONNECTED state from the NGC’s perspective. For example, such event may be handled similar to a re-establishment procedure: the UE requests to re-establish the RRC connection or request context for the new RAN area. Alternatively, the UE could possibly perform the IDLE mode Tracking Area Update as a notification to the network of its actual location but also that it is now operating according to RRC IDLE mode procedures.
Proposal 4:
The UE initiates a procedure to re-establish the RRC connection when it determines that it re-selected to a TRP/Cell that is not part of any paging area of its configuration.

5) UE mobility from one TRP/cell to another RAT / the UE powers off / is in a coverage hole – A UE may perform the reselection procedure that does not result in the selection of a suitable NR cell, or it may power off. In such case, a safety mechanism should be introduced such as a timer-based induced transition to NR IDLE mode. From the network’s perspective, the RAN would time out the UE’s context and initiate a clean-up of all RAN-related state for the UE as well as a notification to the NCG (or MME equivalent) such the UE can be considered in ECM-IDLE.

Proposal 5:
The UE is configured with a timer-based invalidation of the inactive state configuration.
Proposal 6:
Expiration of the RAN location update timer in combination with a failure to successfully complete the location update procedure can be used.

The above mobility-related events that may be supported in the inactive state are shown in the figure below.
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Figure 1: Possible mobility-related events in the inactive state
2.2 Mobility measurements

Mobility decisions require measurements, and two schemes for mobility measurements were discussed in the RAN2#95 meeting. The first scheme is mobility based on UE performing DL measurements using xSS or non-UE specific RS. The second scheme is mobility based on networks measuring UL signal transmitted by the UE. In this contribution we address the type of measurements preferred for RAN controlled inactive state.
The UL based measurement relies on the network measuring UL tracking signal transmission from the UE. Such a scheme may be beneficial for the network to locate the UE at a finer granularity than a RAN paging area and reduce the overhead associated with RAN paging transmission over a large paging area. But there are several issues associated with UL based measurement in RAN controlled inactive state.
1.  UE may need dedicated resources for UL tracking signal transmission. Possibly such dedicated resources need to be configured/allocated per RAN paging area. 
2.  UE may remain in the inactive state for potentially long periods without any UL or DL transmissions. As a result the UE may not necessarily be UL synchronized with the network. This might mean that network needs to handle timing misalignment for UL tracking signal.
3.  Finally, RAN controlled inactive state is expected to minimize power consumption and signaling overhead. But periodic UL tracking signal transmission from the UE may not be power efficient. In addition, UE needs to receive feedback from the network for the UL signal transmission to make mobility decisions. This reduces sleep times for the UE and increases signaling overhead.
Observation 1:
UL measurement based mobility in inactive state may lead to increased power consumption and signaling overhead.
Proposal 7:
UE in inactive state performs autonomous mobility based on DL measurements (the type of RS is FFS).
3 Conclusion

RAN2 should discuss the above and use the following observations and proposals as working assumptions for further work on the INACTIVE state in NR Study Item for R14:
Proposal 1:
The UE performs timer-based RAN location update.

Proposal 2:
The RAN location update timer is configured by the network. The UE restarts the timer every time it determines that it successfully completed an RRC procedure (e.g. RRC reconfiguration for inactive state, location update, RRC reconnection).
Proposal 3:
The UE performs event triggered RAN location update when it re-selected to a TRP/Cell of a different paging area of its configuration.

Proposal 4:
The UE initiates a procedure to re-establish the RRC connection when it determines that it re-selected to a TRP/Cell that is not part of any paging area of its configuration.

Proposal 5:
The UE is configured with a timer-based invalidation of the inactive state configuration.

Proposal 6:
Expiration of the RAN location update timer in combination with a failure to successfully complete the location update procedure can be used.

Observation 1:
UL measurement based mobility in inactive state may lead to increased power consumption and signaling overhead.
Proposal 7:
UE in inactive state performs autonomous mobility based on DL measurements (the type of RS is FFS).
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