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Introduction
According to key issue #3 and solution 3.9 in 3GPP TR 23.799 the mobility on demand concept includes the possibility to impose restrictions on a geographical basis. These restrictions are then of the character to either allow or disallow service for a UE. For devices with no or low mobility (e.g. stationary devices or FWA devices) the allowed area may be limited to only one or a few Tracking Areas, TAs. In TR 23.799 chapter 6.3.9. a solution is proposed in which the UE at registration will be assigned a Mobility class describing the size of the Allowed Area, AA. The base level of the Mobility class is defined in the NG SDM and may optionally be adjusted by the policy controller NG PC.
As the Mobility class is only defining the size of the AA it doesn’t say anything about where the UE could get service. Without any such restrictions (i.e. without defining the allowed TAs) the assigned Mobility class will not put any limitations on the mobility of the UE as the UE anyway doesn’t operate in more than one TA at the time. Therefore, there is a need to also define the actual Allowed Area and not only the size of that area.

Due to the large amount of UEs and their individual AAs it must be fairly easy to define the AAs regardless of if they are statically pre-configured by the operator or dynamically defined by aid from the UE’s registration attempts.
At definition of an AA there is a risk for mistakes resulting in a less than perfect AA and it is therefore necessary to use a mechanism that allows for corrections. At the same time misuse must be prevented. If the subscribers are to be allowed to correct their AAs, the correction mechanism must impose some degree of effort from the user or some service degradation during the change or else the assigned Mobility class will not introduce any perceived geographically based restrictions. Without such constraints, a subscriber may select a Low mobility class subscription as the UE still may be used everywhere with full service.
When defining the TAs of an Allowed Area the mechanism must either to a good degree ensure that the adding of a TA is intentional or that it is easy to correct a mistake. There is a balance: The easier it is to make mistakes the easier it must be to correct them.
By starting the definition procedure of an Allowed area each time a UE attaches and then accept every new TA until the maximum no of TAs, for the assigned Mobility class, is reached, an automatic AA definition procedure is created. The maximum no of TAs is provided by the SDM and optionally adjusted by the NG PC. Once the AA is completely defined (i.e. max no of TAs is reached) the UE will be rejected when trying to register in a new TA. Having added a TA by mistake the mistake can be corrected either by initiative from the UE or by the operator or by a combination thereof. At change of CN node the AA definition is transferred from old to new node if an interface exists, otherwise the UE will be forced to reattach. Allowed TAs may be served by different CN nodes.
As an option the operator may in the subscription database configure and store whole or parts of the AA for a UE. The pre-configured AA is transferred to the UE in the Attach accept messages and TAs may optionally have been added by the NG PC in the serving network.
This pre-configured, and by NG PC possibly adjusted, AA forms a base whereupon the UE dynamically may add further TAs up to the maximum size of the AA.
Defining the TAs of an AA should be simple and not cause a significant memory consumption in the UEs. It is therefore anticipated that the maximum number of TAs in an AA should be rather low e.g. no more than 10 TAs. By such a limited number of TAs there is only a need for a few restricting Mobility classes in addition to a non-restricting Mobility class. While the Mobility classes represents white lists (i.e. allowed areas) it shall still be possible to use black lists (e.g. roaming restrictions) and in case of overlapping the blacklisting taking precedence over the whitelisting.
In Figure 6.3.9.2.3-1 step 5 is included to correspond to the text in chapter 6.3.9.2.3.
Proposal
It is proposed to capture the following updates in TR 23.799.
[bookmark: _Toc449517709]***** First Change *****
[bookmark: _Toc453184205]6.3.9	Solution 3.9: Mobility levels using Mobility and Session classes
This solution addresses the Mobility Levels part of ‘Key Issue 3: Mobility Framework’ and ‘Key issue 6: Support for session and service continuity’. The solution introduces a mechanism for operator control of mobility support and session support over the evolved LTE access and the new 3GPP 5G RAT.
[bookmark: _Toc453184206]6.3.9.1	Architecture description
The architecture is based on the architecture given in contribution S2-162502 with the following addition:
Editor's note: the p-CR S2-162502 was not handled in SA2#115.For mobility on demand, the NG Subscriber Data Management defines the subscribed base level(s) of mobility support for the UE and the NG Policy Control possibly adjust the subscribed level due to varying conditions e.g. geographical location, time and date. The NG Core Control Fcn, NG CCF receives mobility level related subscription information from the NG Subscriber Data Management. The information is optionally (e.g. not for CIoT) sent to and adjusted by the NG Policy Control. It is the responsibility of the serving NG Core Control Fcn to enforce the mobility level(s) as received from the NG Policy Control. 
NG Subscriber Data Management
NG Core Control Fcn
NG Policy Controller

Figure 6.3.9.1-1: High-level architecture principles for operator controlled mobility levels
[bookmark: _Toc453184207]6.3.9.2	Function description
The most impact on a network due to a UE performing mobility is related to handling of PDU sessions and particularly for a UE being in connected mode. But even for a UE that is being registered without any PDU sessions mobility will induce load upon the network. The larger allowed area for a UE the more mobility and the higher probability of inter CN node mobility and thereby higher load upon the network. It is therefore proposed to have a separate mechanism for granting and controlling the allowed area of mobility support i.e. for this mechanism disregarding any impact from PDU session(s). Treating the mobility impact separately means that a separate mechanism is needed also for granting and controlling the level of mobility support related to a PDU session, thus allowing individual treating of different PDU sessions. It is proposed to introduce a Mobility class and a Session class: 
-	Mobility class
Describes the level of mobility support for a UE. The Mobility class is purely related to impact from mobility for a UE as if the UE wouldn’t have any PDU sessions, therefore one Mobility class per UE is needed.
-	Session class
Describes the level of mobility support for a UE’s PDU sessions. The Session class is related to impact from mobility for a UE taking only the PDU session impacts into consideration. One Session class per PDU session is needed.
[bookmark: _Toc453184208]6.3.9.2.1	Mobility classes
By dividing the size of the allowed geographical area for the subscriber into a few sub-ranges it is possible to e.g. form the following Mobility classes:
A.	Unlimited (or high) mobility
No (or minor) restrictions upon the allowed geographical area e.g. used by MBB users.
B.	Low mobility
The allowed geographical area is limited e.g. used for stationary subscribers. The size could e.g. be limited to 5 TAs.
C.	No mobility
The allowed geographical area is limited e.g. used for users accessing the network only via a fixed point (having their own access network with possible mobility). The size could e.g. be limited to 1 TA.
NOTE 1:	Additional Mobility classes can be added, if needed.
Editor's note: The need for additional Mobility classes (or other Mobility differentiation) covering additional area restriction or other aspects is FFS.
Editor's note: Support for Mobility classes in roaming scenarios is FFS.
It is proposed that Tracking Area gives the granularity for the allowed area. Optionally all or parts of the allowed TAs may be configured in the Subscriber Data Management.
While the Mobility classes represents white lists (i.e. allowed areas) it shall still be possible to use black lists (e.g. roaming restrictions) and in case of overlapping the blacklisting taking precedence over the whitelisting. 
The UE is expected to not communicate with the network when outside of the allowed geographical area, and the network is expected to e.g. reject a mobility TAU if sent outside of the allowed geographical area.
NOTE 2:	Periodic tracking area updates can be allowed outside the allowed geographical area because this information at the network could be used for some kind of services, e.g. tracking of stolen devices or to push an update of Mobility class.

6.3.9.2.2	Session classes
Based on the mobility procedures it is possible from a service point of view to have different types of establishment of the SM resources: Session pre-setup (i.e. Mobility with pre-setup), and Session post-setup (i.e. Mobility with post-setup). Pre-setup means that the SM resource(s) during a mobility procedure are established in advance in the target side (like handover in LTE) while at post-setup the SM resource(s) are established after the UE has moved to the target side (like setup after idle mode mobility in LTE).
Using these terms it is possible to form three different Session classes:
A.	Session pre-setup: 
Mobility with pre-setup of PDU session (SM resources established in advance in the target side i.e. equivalent to handover procedures).
B.	Session post-setup: 
Mobility with post-setup of PDU session (SM resources established after the UE has moved to the target side i.e. equivalent to cell re-selection/idle mode mobility procedures).
C.	No PDU session:
No PDU session is allowed for the UE
Editor's note: The relation between session classes and SSC modes, if any, including whether session classes are needed is FFS.
Editor’s note: The interaction with the applied mobility mechanisms, i.e. whether handover or cell re-selection is applied, is FFS.
[bookmark: _Toc453184210]6.3.9.2.3	Assigning, controlling and enforcing Mobility and Session classes
As individual UEs may have different levels of mobility support the subscribed base level(s) is defined in a subscriber database, NG Subscriber Data Management, and is possible to adjust (e.g. due to varying conditions such as UE’s location, UE capabilities, application in use, time and date) by NG Policy Control. 
First NG CCF, receives the level(s) of mobility subscription information from the NG Subscriber Data Management. The information is then optionally adjusted by the NG PC. The NG PC may raise the mobility level(s) above the level(s) given by subscription information. This could e.g. be useful at sponsored situations or at change between a local network and a macro network. It is the responsibility of the serving NG CCF to enforce the mobility level for the user as received from the NG PC. At initial registration the NG CCF provides the UE with the Mobility class i.e. the size of the allowed area and with any possibly configured allowed TAs as received from the NG Subscriber Data Management. Additional allowed TAs may optionally have been added by NG PC. While the UE is connected to the network, any registered and not yet allowed TA is added to the UE list of allowed TAs until the maximum allowed number of TAs is reached.
The NG PC, and NG SDM may trigger an update of the Mobility and Session classes at any time but the new classes are only provided to the UE when the CN anyway signals to the UE e.g. when connecting to the network. The UE shall not be paged solely due to change of Mobility or Session class.
Editor's note: It is FFS whether NG PC can trigger an update of the Mobility and Session classes.
Editor’s note: Dynamic change of mobility levels for the UE and interactions required with the UE for this purpose is FFS.
Using different service levels for different PDU sessions means that all PDU sessions shall not necessarily be included in a pre-setup of resources at connected mode mobility (i.e. Handover in LTE). It is proposed that the NG CCF informs the RAN about the support (i.e. whether a PDU session at mobility shall be pre-setup or not).For a UE that is only allowed to access the network within a restricted part of the service area the NG CCF will inform the UE about the allowed TAs. And as a preventive measure the list of allowed TAs (in the form of a white or black list) may be sent to the UE already at registration of the UE in the NG CCF i.e. at Attach or TAU accept. In this way registration attempts in vain could be avoided.
For a UE in connected mode having only PDU sessions with service level Session post-setup, pre-setup of resources at mobility is not required. For such cases the NG CCF informs the RAN that pre-setup of resources is not allowed (thus not triggering e.g. handover). For ‘No mobility’ NG CCF informs the RAN that handover is only allowed within the TAI-list or TA area. A similar mechanism (i.e. informing RAN about allowed area) could also be used for Low mobility enforcement. 
[image: ]
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NG SDM
NG PC
1. At registration the subscribed base level for the UE is fetched from 
NG SDM
2. A subscribed base level for the UE is optionally sent to NG PC for possible adjustment. Resulting Mobility class and Session class are sent to NG CCF at registration of the UE
3.  The NG CCF enforces the Mobility and Session classes as received from the NG PC. A Session class is received and possibly adjusted by NG PC for each new PDU session.
RAN
UE
4. At setup of radio bearers when entering connected mode NG CCF informs RAN about support level per PDU session i.e. whether the PDU session shall be included in a possible handover.
RAN also receives information of the allowed mobility area.
5. NG CCF informs UE about allowed TA(s).

Figure 6.3.9.2.3-1: Assigning, controlling and enforcing Mobility and Session classes
6.3.9.2.4	Mobility aspects and how to handle roaming
When due to mobility a UE changes NG CCF, the list of allowed TAs, Mobility class and Session Class(es) may be transferred to the new serving NG CCF from the source NG CCF and optionally be adjusted by the serving NG PC. 
In addition to the data transferred between the NG CCFs, when entering a visited network the subscribed Mobility and Session classes are transferred from the SDM via the serving NG CCF to the serving NG PC in the visited network but shall not put any constrains upon the selection of Mobility and Session classes in the visited network. For local breakout no load will be put on the nodes in the home network (except for fetching subscription data) and it is therefore anticipated that the model used for a UE in the home network is applicable also for that case. For home routed traffic it is expected that the visited network will still have a local NG User plane Fcn, NG UPF, for handling the user plane and that it is the local NG UPF that may change at mobility. The primary load will thus be put on the local NG CCF and local NG UPF and it is therefore proposed that handling of the SM classes in the visited network only needs to be performed by the local NG CCF and local NG UPF.
The SM classes will, as mentioned above, optionally be determined by the NG PC in the visited network and only based on the subscribed levels and local policies. 
There will be no interaction between the NG PC in the visited network and the NG PC in the home network.
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NG CCF
NG SDM
NG PC
2. The subscribed base level for the UE is fetched from 
NG SDM
3. The subscribed base level for the UE, the list of allowed TAs and the Mobility and Session classes in use is optionally sent to NG PC for possible adjustment. Resulting Mobility class and Session class are sent to NG CCF. 
RAN
UE
1.  At registration in new NG CCF the list of allowed TAs, the Mobility and Session classes are fetched from the old NG CCF.


Figure 6.3.9.2.4-1: Mobility aspects and how to handle roaming
[bookmark: _Toc453184211]6.3.9.3	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 Change *****
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