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Abstract of the contribution: it is proposed to discuss an way forward of mobility on demand, and agree the proposals.
1.
Discussion

1.1
The requirements on diverse mobility management

The TR 22.864 specifies the requirements on mobility support in NextGen system, which include:

“[PR 5.3.2-004] The 3GPP system shall minimize the signaling needed for mobility management of stationary UEs.
[PR 5.3.2-005] The 3GPP system shall minimize the signaling needed for mobility management of UEs that participate in mobile-originated communication scenarios only.

[PR 5.3.2-006] The 3GPP system shall minimize the signaling needed for mobility management of UEs with known patterns of mobility (e.g., movement only within a limited geographic area).”
Moreover, the latest SA1 specification TS 22.261 also gives similar requirements on mobility support:
“The 3GPP system shall enable operators to specify a level of mobility support (e.g., stationary, nomadic, spatially restricted mobility, full mobility) for a device or group of devices. 

The 3GPP system shall enable operators to modify the level of mobility support provided for a device. 

The 3GPP system shall support optimized mobility management procedures for devices with varying levels of mobility (e.g., stationary, nomadic, spatially restricted mobility, full mobility). 

The 3GPP system shall optimize mobility management support for devices that use only mobile originated communications.

…”
According to the requirements, the NextGen network shall provide different mobility management for UEs with different levels of mobility. 

In order to differentiate UE mobility in SA2, as specified in the key issue 3 of TR 23.799, the term “mobility level” is used.
The exact mobility levels are defined in each specific solution, e.g. solution 3.9, 3.11, 3.14, 3.15 and 3.16. However, the optimized mobility management procedures for UEs in each mobility level are not fully described.
Therefore, this paper will update solution 3.14 to clarify how to enable optimized mobility management for UEs with different mobility levels.

1.2
The meaning of “mobility level”
Considering SA1 requirements, UE with different levels of mobility can be differentiated with stationary, nomadic, spatially restricted mobility and full mobility. By differentiating UE mobility, the network can provide different system optimizations.

In order to describe UE mobility in SA2, the term “mobility level” is introduced in the key issue description and working task description.
As discussed in previous meeting (SA2#116bis), the “mobility level” and “mobility restriction” should be different stories. Since the intention of “mobility level” is just for describing the characteristics of UE mobility, i.e. it is only a descriptor of UE mobility, the mobility level should not apply any limitations or restrictions to UEs, and then it should be transparent to UEs.
While defining a specific mobility level in SA2, we should consider why this mobility level is needed and what kind of system optimization can be applied. From SA2 perspectives, the network can provide diverse mobility support to UEs with “no/low/full” mobility levels. Hence it is proposed to divide UE mobility into at least these three levels. The next section provides the detailed description of the diverse mobility support.
1.2.1
Subscribed UE mobility level(s)
The subscribed UE mobility level(s) is directly derived from historical or well-known UE mobility information. 
When UE mobility rules are predictable, e.g. a UE mostly moves within a campus from 8 am to 6 pm in work days, its mobility level(s) can be pre-calculated. If the pre-calculated mobility level can be stored into UE subscription data, the network can efficiently determine UE mobility level by checking subscription data when the UE is accessing the network. 
If UE mobility information is well-known, e.g. a UE signed a special contract for a particular service area like a campus or home place, the UE mobility level(s) can be pre-determined and stored into its subscription data.

In some cases, the well-known UE mobility information can be indicated by UE mobility restriction information, e.g. MTC devices in a factory. In these cases, subscribed UE mobility level(s) may have some correlations with UE mobility restriction, e.g. the subscribed UE mobility levels may indicate that in the “allowed area”, the UE is no/low mobility.
1.3
Diverse mobility support for UEs with different mobility levels

When the UEs in NextGen system are categorized to no, low and full mobility, e.g., the mobility levels defined in the solution 3.14, the mobility support provided to these UEs can be differentiated accordingly.
Mobility support in 3GPP mobile networks normally includes UE registration management, UE reachability management and handover management. Hence the optimizations on mobility support will be analyzed from these aspects.
1.3.1
Optimized mobility support for no mobility UE
For a “no mobility” UE, i.e. a stationary or quasi-stationary UE accessing network via a fixed access point, registration management and reachability management can be simplified, in addition, handover management is not required. 
The optimizations include:

1. A “no mobility” UE can have simplified mobility states as specified in solution 6.3.8, so that the UE don’t need to enter into CN_IDLE mode;
2. A “no mobility” UE can be tracked on RAN level as specified in solution 6.3.13;
3. A per UE indication of “handover not required” can be provided to RAN node, so that any handover procedure will not be triggered.
1.3.2
Optimized mobility support for low mobility UE

For a “low mobility” UE, i.e. the UE moves within a constrained and well-defined geographical area, registration management, reachability management and handover management can be optimized.
The optimizations include:

1. A “low mobility” UE moves within a constrained area, thus the paging area can be optimized to only cover this area;
2. A “low mobility” UE may be configured to active RRC_inactive states as specified in solution 6.3.22, so that the UE can be tracked on RAN level as specified in solution 6.3.13;

3. The core network may provide extended period TAU timer to a “low mobility” UE in idle mode to decrease P-TAU as introduced in solution 3.11;
4. During the handover with UP function relocation, if a UE is determined as “low mobility” by the network, the network may choose a local UP function(s) for the UE according to solution 6.5.1 to enable efficient user plane data path;
1.3.3
Optimized mobility support for full mobility UE

Optimizations on mobility management for full mobility UE may cover reachablity management and handover management, such as:
1. Allocating tracking area based on predictable UE mobility trajectory, for example, a UE is moving on a railway. 
2. Selecting target RAN node based on predictable UE mobility trajectory.
However, these optimizations are implementation dependent, i.e. no impacts to specifications.
2
Proposal
At first, it is proposed to update the TR 23.799 to include the summary of system optimizations based on mobility level, e.g. update solution 3.14 to include such optimizations.

Further, it is proposed to discuss and agree the following proposals as the way forward for progressing mobility on demand:

1. UE mobility level needs to be defined for system optimization;

2. UE mobility level is for describing how UE moves, i.e. UE mobility pattern.

3. UE mobility level is transparent to UEs;

4. UE mobility level should be at least categorized to three levels, i.e. “no/low/full”.
* * * Start of changes * * * *

6.3.14
Solution 3.14: Solution for determining UE mobility level
This solution aims to address some issues in work task #1 of on demand mobility support.
6.3.14.1
General description
According to stage 1 requirements, mobility support in the next generation networks should take UE mobility patterns and service delivery requirements into count. Therefore, it is necessary to differentiate mobility support for UEs with different mobility and service/session continuity requirements. 
NOTE 1: Service/session continuity requirements are handled by solutions for session management/session continuity.
This solution proposes to use “mobility level” to differentiate UE mobility in next generation networks, so that the network can optimize mobility support accordingly. The mobility level here is a variable determined by the core network to describe how UE moves, i.e. UE mobility pattern. The exact mobility level is transparent to UEs, i.e. no explicit mobility level will be provided to UEs. 
The specific UE mobility levels are defined as followed :
-
No mobility: the UE is static or quasi-static and can only access the network via a fixed access point, which implies no TA change and no handover.

-
Low mobility: the UE is expected to move within a designated/expected geographical area, e.g. a list of TAs for a campus.
-
Full mobility: the UE moves across geographic areas.
When UE at "low mobility" level moves out of the "designated/expected geographical area" indicated by a current TAI list, it shall send a tracking area update request. If the "designated/expected geographical area" equals “allowed area” indicated in mobility restriction information, the network shall indicate the UE that no SM requests are allowed outside the "designated/expected geographical area". Otherwise, the network shall update the mobility level for this UE.
For determining UE mobility level, the following information may need to be considered:
Subscribed UE mobility level(s): Subscribed UE mobility level(s) is stored in UE's subscription data, it indicates possible mobility level(s) that may be applied to the UE;
NOTE:
The subscribed UE mobility level(s) may be inserted into UE subscription when the user signs a particular service contract, e.g. that for campus users, or when the network operator detects UE moving law from UE mobility history.
UE location: UE location change may lead to the change of mobility level, e.g. when an office worker move into office/company area, mobility level of their UE may need to be changed from " Full mobility" to " Low mobility";
Date and time: For accurately determining UE mobility levels, the network may need to take date and time into count, e.g. if an office worker moves into office/company area in the working time, mobility level of his UE may be changed from " Full mobility" to " Low mobility". However, if he moves into the office/company area in the nonworking time, the mobility level may not be changed;
UE capability: UE capability may be used by the network to determine UE mobility level.
The subscribed mobility level(s) of this UE is derived from UE type/capability and historical UE mobility information, e.g. a IoT device for environment monitoring may be with "no mobility"; a smart phone may have several mobility levels, i.e. different mobility levels in different date, time and/or places. The subscribed mobility level(s) of a UE is calculated on the application layer, e.g. by the operator’s BSS/OSS system.
The subscribed mobility level(s) as well as the corresponding condition(s) of selecting each mobility level, e.g. date, time or UE location is stored in the UE profile, e.g. subscription data. The subscribed UE mobility level(s) may be updated if the operator discovers new UE moving laws based on its mobility history. With such mobility level(s) profile of a UE, when the network detects the condition(s) of selecting a particular mobility level is met, it will select the corresponding mobility level for this UE. 
After determining the mobility level for the UE, the network may receive predictable UE mobility information, e.g. from application layer. In this case, the network may update UE mobility level based on the received information.
6.3.14.2
Function description

This solution relies on mobility level determination (MLD) function to determine the mobility level of a UE. The figure 6.3.14.2-1 shows the high level functions for determining UE mobility level.
When a UE is accessing the network, the MLD function retrieves possible mobility level(s) and the corresponding conditions from UE subscription data. The MLD function may check whether the conditions of selecting a specific mobility level is met, e.g. whether the UE is within a particular area, if yes, the corresponding UE mobility level will be selected. The MLD may interrogate location management function for UE location information.
The policy control function may receive UE mobility information from application layer. UE mobility information can be predictable UE mobility behaviours, e.g. UE mobility pattern or possible UE mobility level(s). If UE mobility behaviours was indicated, the policy control function needs to interpret it to the possible UE mobility level(s). Based on the possible UE mobility level and current UE information, such as UE capabilities, UE location, date and time, the policy control function can determine  current UE mobility level(s) , and send it to the MLD function, so that the MLD can update the UE mobility level if necessary.
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Figure 6.3.14.2-1: High level functions for determining UE mobility level
6.3.14.3
Supplements on optimizing mobility support based on UE mobility level
6.3.14.3.1
Optimized mobility support for no mobility UE

For a “no mobility” UE, i.e. a stationary or quasi-stationary UE accessing network via a fixed access point, registration management and reachability management can be simplified, in addition, handover management is not required. The optimizations therefore include:

1. As specified in solution 6.3.8, “no mobility” UEs can have simplified mobility states, e.g. not entering CN_IDLE mode;

2. “RAN level tracking” introduced by solution 6.3.13 can be applied to “no mobility” UEs;

3. Handover procedure can be avoided according to the definitions of “no mobility” in all related solutions.

6.3.14.3.2
Optimized mobility support for low mobility UE

For a “low mobility” UE, i.e. the UE moves within a constrained and well-defined geographical area, registration management, reachability management and handover management can be optimized. The optimizations include:

1. A “low mobility” UE moves within a constrained area, thus the paging area can be optimized to only cover the constrained area according to solution 6.3.9 and 6.3.11;

2. A “low mobility” UE may be configured to activate RRC_inactive states as specified in solution 6.3.22, and then RAN level tracking specified in solution 6.3.13 can be applied to the UE;

3. As introduced in solution 6.3.11, the core network may provide extended period TAU timer to a “low mobility” UE in idle mode to decrease P-TAU;

4. During the handover with UP function relocation, if a UE is determined as “low mobility” by the network, the network may choose a local UP function(s) for the UE according to solution 6.5.1 to enable efficient user plane data path.
6.3.14.3.3
Optimized mobility support for full mobility UE

Optimizations on mobility management for full mobility UE may cover reachablity management and handover management, such as:

1. Allocating tracking area based on predictable UE mobility trajectory, for example, a UE is moving on a railway. 
2. Selecting target RAN node based on predictable UE mobility trajectory.

However, these optimizations are implementation dependent, i.e. no impacts on specification.
6.3.14.3
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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