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Introduction
This key #3 indentified that the NextGen system is expected to provide “different levels of mobility support (e.g. based on velocity or service continuity requirements) as specified in the SA1 NEO TR 22.864.” As part of a comprehensive mobility management framework, this solution defines aspects of mobility that are “adaptive, flexible and intelligent” as described in the key issue. 
The solution also proposes support for a range of mobility capabilities, with assignable attributes that include options to “limit the level of mobility support for certain UEs” in support of mobility on demand, as described in the key issue.
This solution also touches on key issue #6, which identified the need to support different levels of data session or service continuity based on the mobility on demand concept.  To support this a set of Next-Gen-Connected mode mobility capabilities are defined that may be assigned according to the needs of a device or application.
The solution aims to cover at least following use cases:
· (Massive) IoT UEs that need not be reachable at all times from the network, but have stringent requirements for long battery life that preclude execution of idle mode mobility procedures.  These UEs can benefit from supporting a simplified set of mobility capabilities.
· UEs that are limited to the coverage area of one or more eNBs (e.g. covering a factory floor).  As a result, these UEs are served from among a fixed set of RAN resources (eNBs) and hence have no need for a mobility anchor, nor an IP anchor separate from the local point of attachment. These UEs can benefit (lower cost, less power) from supporting a simplified set of mobility capabilities.
· UEs or applications that require low latency or access to local content.  These UEs require a local IP anchor at or near the local point of attachment.  These UEs and can also benefit (lower cost, less power) by supporting a simplified set of mobility capabilities.
· Consumer devices and applications that require seamless connectivity with IP address preservation and must be fully reachable from the network at any time as they move about the netwoork.   Cases include lossless handover, and handover where dropping of in-transit PDUs is acceptable.

Proposal
It is proposed to add the following solution description to the TR 23.799 “Study on Architecture for Next Generation System”.
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6.3.2	Solution 3.2: Mobility state framework
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Next Generation core network should take into consideration the state machines envisioned for RRC protocol within new RAT. It is proposed that the mobility state machine for RRC consists of three states: the traditional RRC idle, RRC connected states and a configurable RRC inactive connected state. The need for configurability of the RRC inactive connected state is motivated through several factors that require flexibility and programmability such as diverse requirements of the 5G use cases, future proofness and quick time to market requirement for new services.
From the Next Generation core network perspective, UE is considered to be in the NextGenECM-CONNECTED state when UE is in RRC inactive connected state at the RRC layer. When the UE transitions between RRC connected state and RRC inactive connected state, it is not visible to the core network as no signalling towards the core network is expected due to this transition. Also, core network does not have to page the UE when the UE is in RRC inactive connected state as both control plane and user plane remains active between the RAN and core.
The characteristics of the RRC inactive connected state includes:
- 	UE is considered to be in the NextGenECM-CONNECTED state.
-	Configurable based on the service requested by the UE. This implies that the RRC inactive connected state can be configured in such a way depending on the application running in the UE (e.g. application ID provided), subscription and UE activity. Depending on whether the application requires more power savings or frequent data transmission, it can be configured accordingly.
Editor’s Note: Who provides the application ID (from UE or subscription based) and how this is used is FFS. How devices with multiple applications are addressed is also FFS.
-	Mobility based on UE measurements and cell reselection procedure with configuration from network.
-	When configured for the fast system access the UE will monitor the dedicated signalling.
-	RAN stores the UE context during the new RRC state.
-	RRC inactive connected to RRC connected state transition with a light-weight signaling procedure.
-	UE context is kept in the RAN to allow seamless transition for transmitting small packets (without having to signal the core network to obtain the context).
-	U-plane and C-plane connections between RAN and core are kept active during this time for MT and MO transactions.
-	UE mobility (including context transfer) and reachability will be taken care of by the RAN.
-	Distributed mobility management – Network follows UE in TA level. RAN determines the cell list where the UE can move without notifying the network.
-	No network controlled HO rather UE initiated cell selection is supported.
-	No Rx/Tx Data is performed in this state.
-	UE performs neighbor cell measurements.
Following figure shows how the proposed RRC state machine fits within the ECM/EMMNextGen State machine model:
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Figure 6.3.2.1-1: RRC/ECM NextGen States with state transition illustrated
State Transitions illustrated:
(1)	UE powers on, performs PLMN/cell selection and camps in a suitable cell.
(2)	UE registers (attaches) with the network. UE transmits and receives data in RRC connected.
(3)	Inactivity results in transitions to RRC inactive connected.
(4)	MT/MO trigger to transmit data results in transition to connected for Tx/Rx.
(5)	Detach/Power off
NOTE: This solution has dependency on RAN as the RRC state design decision belongs to RAN WG2. RAN WG2 is expected to design the states and characteristics of each state.
6.3.2.2	Support for Mobility on demand in the Connected and Idle Mode
To support a wide range of use cases, the following architectural concepts are proposed:
-	The UE and the network may support a range of NextGen Idle Mode Mobility Capabilities, including:
· No idle mode - The UE does not support idle mode and is therefore neither tracked nor reachable by the network. Such a UE is either in the connected state with a PDU session in the network, or the UE is not connected to the network, has no user plane session in the network and the network has no knowledge of when the UE will again be available. (This UE is treated similar to a device in WLAN)
· No Idle Mode Mobility – When the UE goes idle, it is not tracked, and UE is not reachable by the network.  However, the UE remains attached to the network and PDN connections are maintained.  The UE is reachable only for a period after it awakens, enters the Connected State and engages in a transaction with the network. The UE performs periodic TAUs and hence is reachable from the network at periodic intervals. (This UE is treated similar to a UE in Power Saving Mode in LTE)
· Limited Idle Mode Mobility – When the UE is in a fixed Tracking Area (consisting of a list of cells, e.g. provisioned by network), in which it may be paged.  The UE does not monitor TA boundaries and hence it does not send TA Updates when it crosses boundaries. If the UE moves beyond the fixed Tracking Area, it cannot be reached.  At the RAN level, Limited Idle Mode Mobility may be linked to handover restrictions to keep a connected UE within the designated TA.
· Full NextGen Idle Mode Mobility - The network tracks UE mobility to an accuracy of a Tracking Area, which may consist of many cells.   If the UE moves beyond the tracking area, it performs tracking area update and hence it can be reached by paging. When data (PDUs) arrive at the network, the UE is paged and the data (PDUs) are delivered.  A device trigger may be used to initiate communication with a UE that does not have an IP address.
-	The UE and the network may support a range of NextGen Connected Mode Mobility Capabilities, including:
· Mobility without Session Preservation - The PDU Session anchor is not maintained when the UE moves to a new eNB. 
· Mobility with Session Preservation (not lossless) – The PDU Session anchor is maintained, and tunnels are maintained or established between the new 5GNB and the PDU session anchor.  IP session continuity is provided when a UE moves to a new 5GNB but PDUs that are in-flight may be dropped. (This is applicable for some applications that can tolerate packet loss).
· Mobility with Session Preservation (lossless) – The PDU Session anchor is maintained, and tunnels are maintained or established between the new eNB and the PDU session anchor.  IP session continuity is provided when a UE moves to a new eNB and in-flight packets are forwarded without loss. (This is applicable for some applications that require data integrity and cannot tolerate any packet loss).
· A UE may support more than one NextGen Idle or NextGen Connected Mode Mobility Capability 
· UE capabilities are provided by the UE in signalling towards the network. 
· NextGen Idle Mode Mobility is an attribute of the UE. 
· At any given time, only one NextGen Idle Mobility Capability may be assigned for use on a UE
· If a device supports more than one NextGen Idle Mobility capability, the currently assigned Idle Mobility mode may be changed without service disruption (idle mobility on demand)
· The assigned NextGen Idle Mode Mobility is determined by signalling between the UE and the core network and is based on e.g. subscription information, UE capabilities or UE activity.
· NextGen Connected Mode Mobility is an attribute of the PDU Session.
· The assigned NextGen Connected Mode Mobility for a PDU Session is determined by signalling between the UE and the core network and is based on e.g. subscription information, UE capabilities, UE activity and application activity.
· If a device supports more than one NextGen Connected Mobility Capability, the Connected Mobility mode currently assigned to a PDU Session may be changed without causing a service disruption (Connected mode mobility on demand).  Note in case the UE has an IP PDU session, an IP address change may be necessary when there is a mobility mode change.
· Note in the RAN and UE, one or more of the following 5G Hand Over options may be supported: 
· No Hand Over
· RAN Anchored Hand Over - without assistance from the core
· Core Assisted Handover
· Network slices may be defined supporting a subset of the NextGen Connected and NextGen Idle mobility Capabilities
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Editor's Note: This clause will contain function descriptions and the interactions among the network functions.
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Editor's Note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.


6.3	Solutions for Key Issue 3: Mobility framework and Key Issue 6: Session and Service Continuity
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This solution applies to key issue 3 on mobility management.
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Editor's Note: This clause will contain e.g., terminology, overview, architecture description of the solution. 
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Editor's Note: This clause will contain function descriptions and the interactions among the network functions.
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Editor's Note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.
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