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Introduction

Solutions addressing mobility restrictions related to key issue #3 in TR 23.799 are:
· 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 3.9 states:
“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.”
Solution 3.11 states:
“The NextGen system should support the following mobility categories:

-
No mobility: the UE is connected to the  NextGen Core Network without need or ability for any change in point of attachment by means of a single cell ,a fixed line, a residential gateway or a WLAN hot spot with a wired or a wireless backhaul. The key point is that devices connected to the mentioned accesses are not capable or allowed to execute inter-access node or inter-system mobility procedures, i.e. they cannot or are not allowed to leave such accesses without losing connectivity with the NextGen Core Network.

-
Restricted mobility: the allowed geographical area (e.g. defined by a set of tracking areas or a set of cells) is limited , specific to a UE, and known by the UE (by means of pre-configuration and/or signalling), i.e. the UE is permitted to move only within the allowed geographical area(i.e. assign a new TA list or cell list to the UE). At any time the network can update the UE with a new allowed geographical area. The UE is permitted to send signalling to the network only within the allowed geographical area, and the signalling received from the UE outside the allowed geographical area may be rejected by the network with an appropriate cause value.

NOTE: Periodic area updates can be allowed outside the allowed geographical area because they could be used e.g. for updating the UE with a new allowed geographical area or for tracking of stolen devices.

-
Unrestricted mobility: no limitations upon the allowed geographical area are pre-set, i.e. the UE can move to any cell of the serving network.
NOTE: Whether the allowed geographical can contain cells belonging to roaming partners of the home network operator and/or non-3GPP access nodes – possibly within private or corporate ownership - is FFS.”
Solution 3.14 states:
“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.
-
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 randomly.”
All solutions are using a distinction for the size of the allowed geographical area for the UEs. This can be called the mobility restriction category. For each mobility restriction category the maximum size of the allowed geographical area is defined.
Solutions 3.9 and 3.14 argue for the need of using the UE subscription to determine the mobility restriction category:

· In solution 3.9 the mobility class is given by the UE subscription and may be impacted by network policies.
· In solution 3.14, the mobility seems to be determined by possible subscribed values, UE capability, predictable UE mobility information where the subscribed values are calculated “on the application level” taking time and date aspects, and historical UE mobility information. 
The UE mobility level determination for solution 3.14 seems complicated as several inputs and calculation is needed.
In solution 3.11 it seems like, the mobility category for a UE,is given by the UE for the no mobility category, for the other mobility categories it is not mentioned.


Letting the mobility restriction category form the framework of allowing UE access to services in the network, it seems suitable to base this on UE subscription data, possible dynamically adjusted by the network policy function. A mobility restriction category determination based on information from UE would not give operator control and it seems to be a common view that subscription information and possible operator policies should be used for determination of the mobility restriction category.
Observation 1:
It seems to be a common understanding that mobility restriction categories, reflecting UE’s intended characteristic from a mobility point of view, are needed. The mobility restriction category gives the size of the allowed geographical area in which the UE is allowed to access the network for service.
Observation 2:
It seems to be a common understanding that determination of the mobility restriction category for a UE shall be based on UE subscription and possibly adjusted by NG policy control function.

Based on above argues, the following could be applied: 

A UE can be characterised, from a mobility point of view, by e.g. the allowed mobility within a geographical area (for example within a few TAs), therefore a suitable restriction given by the UE subscription should be applied.

Three examples are:

· A UE accessing via multiple areas will have a characteristic, from a mobility point of view, of full mobility. The mobility restriction category for such a UE will be given by unrestricted mobility.

· A stationary UE, e.g. a UE using replacement of FWA, will have a characteristic, from a mobility point of view, of low mobility using only a few TAs. The mobility restriction category for such a UE will be given by low mobility.

· A UE accessing via a fixed point, i.e. logically characterised by accessing only via one registration area, will have a characteristic, from a mobility point of view, of no mobility. The mobility restriction category for such a UE will be given by no mobility.

Observation 3:
It seems to be a common understanding that at least the following mobility restriction categories, reflecting a UE’s grade of mobility management, are needed:

· Unrestricted mobility
Characterised by service, for a UE, allowed in all registration areas
· Low mobility
Characterised by service, for a UE, only allowed in a few registration areas
· No mobility
Characterised by service, for a UE, only allowed in one registration area
Proposal

It is proposed to capture the following updates in TR 23.799.
***** First Change *****
8.3
Interim Agreements on Key Issue #3: Mobility management
Interim agreements for CN/NAS state model on Key issue #3 Mobility Management are as follows:

1.
A single MM state model shall be specified consisting of

-
An MM De-registered state, in which the UE is not attached to the network; and

-
An MM Registered state, in which the UE is attached to the network. While MM Registered, the UE may be either

-
in a CN Idle state, in which the UE may only be tracked at CN location area level and may achieve at least a comparable power efficiency to that of LTE’s ECM IDLE state; or

-
in a CN Connected state, in which the UE location is known on the level of the serving RAN node.
2.
NextGen Core shall be able to optimize the MM procedures of a UE within the single MM state model.

3.
RAN2 is expected to define means for a UE in MM Registered CN Connected state not transmitting or receiving data to achieve a comparable power efficiency to that of a UE in CN Idle state. 
4.
The network shall be able to control whether a UE in MM Registered/CN Connected state uses handover or cell reselection.
Interim agreements for mobility on demand are as follows:

1.
The subscription data may include information which can be used to determine the UE mobility level.
2.
UE mobility level is determined by core network based on information such as UE subscription, UE capabilities, UE location, and/or network policies.
3.
UE mobility level can be changed, if it is allowed (e.g. the UE supports this change), due to, e.g., subscription, location, and/or policy change. In addition, UE mobility level can be updated during a mobility management procedure.
4.  For the mobility restriction aspects, the following applies:

A.  The core network may configure an “allowed area”, “non-allowed area” and “forbidden area” to a UE.

Editor's note:
The finest granularity of the areas above is FFS.

Editor's note:
Further details of what is allowed and not allowed in a “non-allowed area” and “forbidden area” e.g. emergency services is FFS.

B.
In an “allowed area”, the UE is permitted to initiate communication (using CP and UP) with the network as allowed by the subscription. 

C.
In a “forbidden area”, the UE is not permitted to initiate any (neither CP nor UP) communication with the network.

D.
In a “non-allowed area” the UE is not allowed to initiate SM signalling to obtain user services, but the UE can initiate mobility management signalling (e.g. in order for the network to be able to update the allowed area list, forbidden area list, track stolen equipment etc…). 
E.  The forbidden area has precedence over both the allowed area and the non-allowed area.
X.  The size of the allowed area is determined by one of the following mobility restriction categories: 
· Unrestricted mobility
Characterised by service, for a UE, allowed in all registration areas
For example for MBB users.
· Low mobility
Characterised by service, for a UE, only allowed in a few registration areas.
For example for stationary or nomadic devices.
· No mobility
Characterised by service, for a UE, only allowed in one registration area. 
For example for users accessing via fixed (wireline) access.

NOTE X: For UEs in this category, the mobility pattern shrinks to just one registration area and the core network therefore do not need to gather any UE related information about mobility pattern.
NOTE Y: The mobility restriction categories given above does not preclude use of other mobility restriction categories, if needed. 
X+1.
A UE mobility restriction category is determined by UE subscription and may optionally be adjusted by NG policy control function.
***** End of Change *****
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