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Abstract of the contribution: This contribution proposes solution for different levels of mobility support in NextGen and proposes a solution to support various mobility levels (Key issue #3 WT#1). 
Discussion

The mobility on-demand concept for 5G will allow operators to apply different levels of mobility control for UEs and be able to change the mobility levels dynamically. This will provide efficiency in use of network and UE resources.
Excerpts from clause 5.3 of Stage 1 NEO TR 22.864 on mobility support:

NextGen systems are expected to address very different requirements on UE mobility support – at high speed, nomadic, stationary, application dependent, etc. MM must be optimized for NextGen to handle multitude of UEs (both IoT and non IoT devices).

   Potential Requirements
· Enable operators to define different levels of mobility support for different UEs. 
· Mobility support consists of providing none, any one or some combination of the following:
· minimizing packet loss during inter- and/or intra-RAT cell changes, 
· maintaining the same IP address assigned to a UE across different cells and,
· minimizing impact to the user experience (e.g. minimization of interruption time) when changing the IP address and IP anchoring point.
· Support service continuity when changing the IP address and/or IP anchoring point.
· Enable operators to update the level of mobility support provided for a UE, e.g. during packet data connection establishment.
· Minimize the signaling needed for mobility management of stationary UEs.
· Minimize the signaling needed for mobility management of UEs that participate in mobile-originated communication scenarios only.
This contribution addresses the stage 1 requirements for NextGen mobility framework calling for support of different levels mobility support for different UEs and these levels can be dynamically updated based on UE location change, time duration, type of UE, etc. The focus of this contribution is on treatment of UEs that are in idle mode (i.e., have no active session but have paging support). It proposes the decision criteria for dynamically applying different levels of idle-mode mobility (IMM) for the target UE that is connected to the network but is idle, i.e., has no active ongoing session. Such a UE can be stationary or moving. The solution describes how the network decides which mobility treatment is required for such a UE (e.g. no idle-mode mobility, low idle-mode mobility, fast idle-mode mobility) dynamically. The decision criteria will be based on UE type, current idle-mode level, and location change.
This key #3 identified that the NextGen system is expected to provide “different levels of mobility support (e.g. based on the mobility on demand concept taking into account knowledge about the UE such as location, type, velocity, service continuity requirements, etc.) as specified in the SA1 NEO TR 22.864.” In addition, mobility on demand concept calls for saving resources both in the network (such as signalling, transport memory, etc.) and in the UE (such as battery life, cost, etc.). 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. Following are the savings that can be expected with “mobility on demand”:

-      Saving “transport” resources when the UE is in the connected mode (e.g. local versus centralized uGW) 

-      In some cases it could be about optimization when the UE is not connected (e.g. no buffering packets required for UE that does not support idle mode, optimized paging for UE requires only limited idle mode mobility etc.).

-      Optimizations during connected mode mobility (i.e. not a lossless HO thus no buffering and forwarding support required during HO).

The solution 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 concept 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, or 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 network. Cases include lossless handover, and handover where dropping of in-transit PDUs is acceptable.
Proposal
It is proposed to include the following solution in TR 23.799 clause 6.3 - Solutions for Key Issue 3: Mobility framework.
***** Start of Changes (all new text) *****
6.3.x
Solution 3.x: Support for Mobility Levels
This is a solution to Key issue 3: Mobility framework. This solution covers the problem identified for WT#1.
6.3.x.1
Architecture Description

To support the mobility on demand concept in the NextGen system, the following architectural concepts are proposed:

-
The UE and the network may support a range of NextGen Idle Mode Mobility (IMM) capabilities, as follows:

· Idle but not reachable (level 1) – When UE goes idle it is neither tracked nor reachable by NW. 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 IMM (level 2) – UE is in a fixed tracking area (consisting of a list of cells, e.g. provisioned by network). 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. Therefore, it can only be served within the fixed tracking area.

· Full IMM (level 3) - UE is tracked across tracking areas which may consist of many cells. If UE moves beyond the tracking area, it performs tracking area update to allow it to be reached by the network when paged.
Additional details about the different idle-mode mobility levels are as follows:

	IMM Level
	Type
	NW-UE data connection
	Network tracking supported
	Network paging supported

	1
	Idle but not reachable
	Yes
	No
	No

	2
	Limited

IMM
	Yes
	Yes
	Yes (in fixed tracking area)

	3
	Full IMM
	Yes
	Yes
	Yes (in multiple tracking areas)


-
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 capability 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

Editor’s note: Call flows for connected mode mobility is FFS. Also, connected mode mobility levels have to be discussed with RAN WGs.

.
6.3.x.2
Function description

The high-level call flow for idle mode mobility level solution is provided in the figures below.
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Figure 6.3.x.2-1: Change of UE IMM level from 1 to 3 based on location

Pre-condition: UE is already provisioned with the network and in IMM level 1. It is not being tracked by the network.
1) When UE wakes up to do periodic TAU, the UE realizes that it has changed location from a fixed location to a moving vehicle. UE connects to a new Access network (different cell id than current TA).

2) New Access network forwards the TAU to the core network.

3) CN-CP determines (e.g. based on point of registration) that the mobility mode of the UE should be changed to IMM level 3 (Full mobility) and decides to initiate the change. CN-CP sends message to UE to determine is UE can support IMM level 3.
4) UE sends ACK back to CN-CP informing it that the UE is capable for handling IMM level 3, and expects full mobility support.

5) CN-CP stores UE’s new IMM level, and location change with time history in subscriber data. Historical location change data is useful in determining how often UE is moving across different TAs.
6) UE is now in IMM level 3 and is being tracked by the Network.

Post-condition: UE is now reachable and fully tracked by the network in multiple tracking areas.
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Figure 6.3.x.2-2: Change of UE IMM level from 3 to 1 based on no location change for long duration
Pre-condition: UE is in IMM level 3.

1) Network detects UE location is not changing for long time duration by checking historical location change data.

2) CN-CP sends message to UE if it can support IMM level 1 (no mobility).

3) UE sends ACK back to CN CP.

4) CN-CP stores UE’s new IMM level in subscriber data.
5) UE is now in IMM level 1 and is not being tracked by the NW, thus saving network resources and UE battery life
Post-condition: UE is in IMM level 1.

6.5.x.3
Solution Evaluation

Editor's Note: This clause will contain evaluation on the system impacts.
***** End of Changes *****
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