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Introduction
[bookmark: _Ref178064866]In last RAN3 meeting, some new RAN functions were agreed to be supported in NR RAN including the network slice, interworking with LTE and multi-connectivity. In this contrubution, we discuss some aspects of the RAN controlled UE inactive state from RAN3 point of view.  
Discussion
According to RAN2 agreements, some potential characteristics of the RAN controlled “state” need more study. The CN/RAN connection , RAN location management and paging have some impact to RAN3, therefore, these issues will be discusssed here.   
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

CN/RAN connection 
The initial motivation for introducing the RAN controlled “state” is for signalling reduction optimizations when the UE want to send the UL traffic or DL traffic is needed to be sent to the UE. The connection between the NR and 5G CN needs to be analized first.
Two possbile options can be consider for RAN controlled UE inacvite state：
Option 1: NG1-C is kept and NG1-U is release
Option 2: NG1-C and NG1-U are kept
Option 1 is used for current LTE NB-IoT UP solution, the MME is aware of the UE state, the signalling flows are shown in the Annex for the reference. When UE has no traffic for some period, the S1-AP UE Context Suspend procedue will be initiated towards the MME, then S1UE context is kept and S1-U bearer is released. In case UE needs to send UL traffic, the S1-AP UE Context Resume procedure is triggered to the MME. For 5G NR, similar with NB-IoT UP solution, the NG1-C “Context Resume” like procedue needs to be performed to re-establish the NG1-U in case UE has UL traffic to send, the NG1-C Paging message needs to be sent to the NR in order to trigger the paging over radio interface in case DL traffic arrives. 
For option 2, both NG1-C and NG1-U connection are kept for inactive UE. From 5G core network point of view, the UE is CONNECTED mode, which means in case UE access the same NR node, the NG1-C “Context Resume” procudre can be skipped for UL traffic transmission and NG1-C Paging message does not need to sent to the NR when the DL data arrives for the UE.  
Compared with option1, the option2 is more attractive since it is possible to reduce the signalling and connection resumption latency, therefore, the option2 is prefered for the RAN controlled UE INACTIVE state. The characteristic INACTIVE state was discussed in [1].
Proposal 1: It’s proposed to keep NG1-C and NG1-U connection for RAN controlled INACTIVE state.

NR location area management
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.
As we proposed the NG1-C and NG1-U interfaces would be 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 nodes, involving potentially one or more NR-eNBs. 
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 2: For INACTIVE state, the UE location is known by the NR in RAN tracking area (RTA) level.
Proposal 3: RTA consists of one or more NR-eNBs.
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 the RTA.
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 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 2: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.
Conclusion
Based on the discussion in section 2 the followings are proposed:
Proposal 1: It’s proposed to keep NG1-C and NG1-U connection for RAN controlled INACTIVE state.
Proposal 2: For INACTIVE state, the UE location is known by the NR in RAN tracking area (RTA) level.
[bookmark: _In-sequence_SDU_delivery]Proposal 3: RTA consists of one or more NR-eNBs.
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.
Reference
[1] RP-164805  Characteristics of  Inactive State	CATT
TP for TR 38. 801
[bookmark: _Toc453159527][bookmark: _Toc454284849]6.1.1.1.1	Support for a UE in RAN controlled inactive stateoperational mode during periods of no traffic [FFS RAN2]
The following RAN3 impact of a UE operational mode during periods of no trafficsupporting UE in RAN controlled inactive state should be explored in the Next Generation Systems and New Radio (NR) work:. For instance 
· Uupon reception of DL data, RAN could notify the UEinitiate the paging within the RAN tracking area. Details of RAN based paging mechanism is FFS.
· If the UE moves out of the configured RAN tracking area, it needs to perform RAN tracking area update procedure to notify the RAN of the UE location change. In case RAN node who receives the RTA update message is not the anchor node, this node could fetch the UE context from another node and update the NG1 connection with 5G CN.

Annex


Figure 1: eNodeB initiated Connection Suspend procedure


Figure 2: UE initiated Connection Resume procedure (for the same eNB)



Figure 3: UE initiated Connection Resume procedure (for the different eNB)
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4. S1-AP: UE Context Suspend Response
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