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1. Introduction
In the last meeting, NR UE state was discussed and some initial agreements and open issues are achieved as below. 
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

In this contribution, we give our understanding on the UE mobility in INACTIVE state. 
2. Discussion
2.1. NR location area management
2.1.1 RAN tracking area
In current LTE network, location of an IDLE UE is known by the MME within a Tracking Area. The MME will initiate the paging since the UE context is not stored in the RAN. Cell reselection is used for the mobility by IDLE mode UEs. If UE is in the CONNECTED mode, its location is known at a serving cell level and the mobility of UE is handled by the handover procedure.
The characteristic of INACTIVE state was discussed in [1] and proposal is made such that the NG1-C and NG1-U interfaces are maintained for UEs in INACTIVE state. Upon DL data arrival for an INACTIVE UE, the DL data will be delivered from 5G core network to NR directly. Due to the loose control of UE’s mobility within RAN controlled area, the UE location is not known by the NR system in cell level accurately.  Note that “cell” or the minimum area where the UE location is referred to is yet to be defined in NR. Therefore a “RAN Tracking Area (RTA)” concept is required to be introduced for the NR to know the UE location in an area that is larger than “cell” and controlled by RAN.  RTA can be configured to consist of one or more NR “cells”, involving potentially one or more NR eNBs. 
Proposal 1: For INACTIVE state, the UE location is known by the NR in RAN tracking area (RTA) level.
Proposal 2:  RTA consists of one or more NR “cells” involving potentially one or more NR eNBs. Note that “cell” is yet to be defined in NR.
Since only CONNECTED UE can enter INACTIVE state, so it is reasonable to configure the UE’s RTA using RRC dedicated signaling.  RTA can be configured to the UE by the RAN when the UE is commanded to enter INACTIVE state, together with the entering INACTIVE state command. Furthermore, it’s possible for the RTA to be configured by 5G NR on a per UE basis, due to the different UE’s attributes, services and speed.
Proposal 3: UE is configured with RTA which it belongs to via RRC dedicated signaling.
2.1.2 Mobility 
When moving within the RTA, the INACTIVE UE only needs to perform “cell” search and reselection without notifying the network. The large RTA results in less signaling due to UE mobility. However, a large RTA requires paging of the UEs in a large area hence DL signaling for paging should also be taken into account in the RTA configuration. 
When RTA is configured with one or multiple NR eNBs, the NR eNB where the UE was last connected to becomes the node which maintains the UE context in RAN. This NR eNB could be considered as the anchor NR eNB for the UE and acts as the control node for the INACTIVE UE in the RTA.  The UE mobility within an RTA is transparent to the 5G CN.
Proposal 4: The intra-NR RTA mobility is transparent to the 5G CN. 
If the INACTIVE UE moves out of the configured RTA, it needs to perform RTA Update procedure to notify the NR of the UE location change. If the NR eNB who receives the RTA update message is not the anchor NR eNB, anchor NR eNB should be updated to the new NR eNB, which includes the UE context fetch procedure in network interface between NR eNBs and NG1 path update procedure. 
Proposal 5: For INACTIVE state, the UE needs to notify the mobility when it moves out of the RTA.
2.1.3 Paging

Since it is assumed that NG1-C and NG1-U connection are kept for INACITVE UE state, when DL data arrives at the anchor NR eNB node, the anchor NR eNB will trigger the RAN-based paging. The anchor node will send paging message towards all NR eNBs within RTA.
There are multiple options for paging control and UE context transfer to the NR eNB where the UE is located. 

· Option 1: paging response is forwarded to the anchor NR eNB, which, in response, provides the UE context to the NR eNB where the paging was received.

· Option 2: paging response is received by a NR eNB other than anchor NR eNB. The UE context is fetched by the new NR eNB from the anchor NR eNB.
· Option 3: all the NR eNBs within RTA are prepared for UE arrival by providing UE context in advance. 
Upon the UE transits to RRC connected/active state, NG1 interface is updated between the new NR eNB and 5G CN for the data communication.  
Proposal 6: It’s proposed to support RAN-based paging mechanism. Details of RAN based paging mechanism are FFS.
2.2. General concept of INACTIVE state
To make the model easy to understand, one example is given in Figure-1. In this example, for UE in INACTIVE state:
· Cell-1 is the anchor cell, and NR eNB-1is the anchor eNB.
· NG1 connection is established between CN and eNB-1;
· RAN Tracking Area (RTA) is cell-1, cell-2 and cell-3, and it is RAN-level area and not visible to CN;
· Within the RTA (cell-1&2&3), 
· if no data transmission, UE does not need to indicate network the camping cell change;
· in case of UL data arrival in UE side, UE transmits data in current camping cell;
· if case of DL data arrival in network, network needs to page UE within RTA;
· Since NG1-U is kept, 
· downlink data stored in eNB-1;
·  eNB-1 triggers the paging in cell-1&2&3;
· For the paging in cell-3, eNB-1 needs to indicate eNB-2 via X2 interface of UE paging. 
· When UE moves out of the RTA, UE needs to inform the network immediately.
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Figure-1 Example for INACTIVE UE mobility within RTA
3. Conclusion

According to the analysis in section 2, we propose:
Proposal 1: For INACTIVE state, the UE location is known by the NR in RAN tracking area (RTA) level.
Proposal 2:  RTA consists of one or more NR eNBs.

Proposal 3: UE is configured with RTA which it belongs to via RRC dedicated signaling. 
Proposal 4: The intra-NR RTA mobility is transparent to the 5G CN. 
Proposal 5: For INACTIVE state, the UE needs to notify the mobility when it moves out the RTA.
Proposal 6: It’s proposed to support RAN-based paging mechanism. Details of RAN based paging mechanism are FFS.
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