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Abstract of the contribution: this paper introduces the mobility mode without mobility area restriction, and proposes how to use the mobility mode to optimise the mobility management 
1. Introduction

To support mobility on demand for different levels of mobility, different mobility levels are defined in the following solutions:
· Solution 3.9: Mobility levels using Mobility and Session classes

· Solution 3.11: Solution for dynamic mobility management

· Solution 3.14: Solution for determining UE mobility level

· Solution 3.15: Solution to support different levels of mobility

· Solution 3.16: Limited & Unlimited UE mobility level
· Solution 3.17: Support for Idle Mode Mobility capabilities

The current mobility levels are related to mobility/access restriction, e.g. if the UE moves out of the allowed geographical area, the services are also restricted. However, the mobility/access restriction is just part of mobility management. So this paper is proposed to discuss how to support mobility on demand not only based on the mobility/access restriction.
2. Mobility mode based mobility management
This paper proposes the mobility mode based mobility management other than the mobility/access restriction. The UE and MM function negotiate the specific mobility mode.  
The mobility mode could be based on below inputs:

· UE capability: the supported mode from UE side, low end device, high end device
· UE mobility properties: whether trajectory has a regular pattern; 
· Mobility speed category: high, medium, low;
· Service characteristics: Communication duration time, communication Period, uplink service only or not... 
· ….
Both the UE and the network (MM function) can initiate the mobility mode update which is decoupled from the existing location update procedure. The MM function can obtain the UE mobility properties, Mobility speed category, service characteristics and potential other information from UE and/or from the Application through capability exposure functions to decide the final mobility mode for the UE.
Based on the different mobility mode, network perform corresponding mobility management optimizations, e.g. determine the UE states and provide necessary assistance information to RAN, limit the MM signalling interactions between UE and network, optimize the paging area….
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Figure 1: Procedure for Mobility mode based mobility management
Negotiate the mobility mode:

1. During the attach procedure, UE and MM function negotiate the mobility mode.
MM function obtains the UE mobility properties, Mobility speed category, service characteristics and potential other information from UE and/or from the Application through capability exposure functions to decide the final mobility mode for the UE. MM function sends the decided mobility mode to the UE.

2. If the mobility mode has relationship with the RAN behaviour, MM function provides necessary assistance and configuration information to RAN.

Mobility mode update from UE side:

3. The UE can initiate the mobility mode update if the network decided mobility mode is not aligned with the UE behaviour. Based on UE provided mobility mode information, MM function decides the updated mobility mode and provides feedback to UE.
Network initiated mobility mode update:

4. The MM function can initiate the mobility mode update, e.g. new session establishment, new trigger from the capability exposure functions. The MM function may first pages the UE and update the mobility mode information to UE. If the updated mobility mode has relationship with the RAN behaviour, MM function provides necessary assistance and configuration information to RAN.

Mobility management for specific mobility mode:

For specific mobility mode, MM function performs corresponding mobility management optimizations:

· Determine the UE states and provide necessary assistance information to RAN
The MM function determines the NextGen Connection Management (NCM) states based on mobility mode. For example, if the mobility speed category indicates the UE is stationary without mobility, then the NCM states can only include NCM-CONNECTED state, and no need to enter NCM-IDLE state.
And the MM function can also provide the necessary assistance information to RAN, e.g. the UE capability, Mobility speed category and Service characteristics. So the RAN can determine the RRC state based on the received assistance information.
· Based on the mobility speed and mobility properties, generate the mobility prediction information and allocate corresponding location areas for tracking area list management.
The MM function can allocate the location areas based on the mobility prediction information. Considering the UE mobility follows a regular pattern, e.g. when the UE is moving on a highway, its mobility trajectory may remain as a straight line for a period time. So the MM function can allocation the location areas along the highway.
· Based on the mobility speed and mobility properties, limit the paging area. 
The mobility properties can further optimise the paging area, especially when the UE mobility trajectory has a regular pattern. The MM function can predict the UE mobility trajectory of UE, and predict the possible UE location in the TA list. So the paging area can be determined based on the TA list and the predicted UE mobility trajectory. 
· Based on the communication duration and communication period, allocate different tracking area list for different time.
· For MO only service, minimize the location tracking and reachability management from network.

3. Proposals
It is proposed to capture the above described solutions in the TR.

>>>Start Changes<<<
6.3
Solutions for Key Issue 3: Mobility management framework
6.3.x
Solution 3.x: Mobility pattern based mobility management
This solution applies to Key Issue 3 - Mobility management framework. The solution introduces a solution for Optimised mobility management based on mobility pattern.

6.3.x.1
General description
For efficient resource utilization, e.g. signalling saving and energy saving, UEs in different communication scenarios may require different mobility management methods. The NextGen network should be able to flexibly customize the mobility states, state transitions, location tracking, paging area, reachability management…. and then adaptively apply them to the UEs and the network.
The UE and MM function negotiate the specific mobility pattern.

The mobility pattern could be based on below inputs:
· UE capability: the supported pattern from UE side, low end device, high end device, power (battery) sensitivity.
· UE mobility properties: whether trajectory has a regular pattern, location predictability; 
· Mobility speed category: high, medium, low/no;
· Service characteristics: Communication duration time, communication period, uplink service only or not... 
· ….
Both the UE and the network (MM function) can initiate the mobility pattern update which can be  either decoupled or combined with the existing location update procedure. The MM function can obtain the UE mobility properties, mobility speed category, service characteristics and potential other information from UE, and/or subscription data, and/or from the Application through capability exposure functions to decide the final mobility pattern for the UE.
Based on the different mobility pattern, network perform corresponding mobility management optimizations, e.g. determine the UE states and provide necessary assistance information to RAN, limit the MM signalling interactions between UE and network, optimize the paging area….
6.3.x.2
Function description

Editor's note: This clause will contain function descriptions and the interactions among the network functions.
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Figure 6.3.x.2-1: Procedure for Mobility mode based mobility management
Negotiate the mobility pattern:

1. During the attach procedure, UE and MM function negotiate the mobility pattern.
MM function obtains the UE mobility properties, mobility speed category, service characteristics and potential other information from UE and/or from the Application through capability exposure functions to decide the final mobility pattern for the UE. MM function sends the decided mobility pattern to the UE.

Editor's note: the mobility pattern may include the UE mobility properties, mobility speed category, and service characteristics information. Further details regarding mobility pattern is FFS.
2. If the mobility patternhas relationship with the RAN behaviour, MM function provides necessary assistance and configuration information to RAN, e.g. indication of whether RRC_connected_inactive needs to be activated for this UE.
Mobility pattern update from UE side:

3. The UE can initiate the mobility pattern update if the network decided mobility pattern is not aligned with the UE behaviour. Based on UE provided mobility pattern information, MM function decides the updated mobility pattern and provides feedback to UE.
Network initiated mobility pattern update:

4. The MM function can initiate the mobility mode update, e.g. new session establishment, new trigger from the capability exposure functions, subscription data change. The MM function may first pages the UE and update the mobility mode information to UE. If the updated mobility mode has relationship with the RAN behaviour, MM function provides necessary assistance and configuration information to RAN.

Editor's note: the detailed triggers for the mobility pattern update initiated by UE or Network are FFS. 
Editor's note: It is FFS whether the mobility pattern update could be combined with the normal location area update procedure.
Mobility management for specific mobility pattern:

For specific mobility pattern, MM function performs corresponding mobility management optimizations:

· Determine the UE states and provide necessary assistance information to RAN

And the MM function can also provide the necessary assistance information to RAN, e.g. the UE capability, mobility speed category and service characteristics. So the RAN can determine the RRC state based on the received assistance information.
· Based on the mobility speed and mobility properties, generate the mobility prediction information and allocate corresponding location areas for tracking area list management.
The MM function can allocate the location areas based on the mobility prediction information. Considering the UE mobility follows a regular pattern, e.g. when the UE is moving on a highway, its mobility trajectory may remain as a straight line for a period time. So the MM function can allocation the location areas along the highway.
· Based on the mobility speed and mobility properties, limit the paging area. 
The mobility properties can further optimise the paging area, especially when the UE mobility trajectory has a regular pattern. The MM function can predict the UE mobility trajectory of UE, and predict the possible UE location in the TA list. So the paging area can be determined based on the TA list and the predicted UE mobility trajectory. 
· Based on the communication duration and communication period, allocate different tracking area list for different time.
· For MO only service, minimize the location tracking and reachability management from network.
· ….

6.3.x.3
Solution evaluation

Editor's note: This clause will contain evaluation on the system impacts, e.g. UE, access network and non-access network.

>>>End of Changes<<<
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