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Abstract of the contribution: This contribution proposes to extend different categories of mobility support in NextGen by allowing for individually adaptable paging and tracking areas to support dynamic mobility management in CN IDLE mode (Key issue #3 How to support mobility on demand for different levels of mobility? And especially WT#3: “6. How to save resources for UEs that do not require full mobility?).
Discussion
Besides “no mobility” category for UEs connected to the NextGen Core Network, we propose to have a common IDLE mobility management approach that dynamically adapts to the different mobility patterns of the UE.
In this solution, the traditional TA approach is extended to enable a more fine granular UE individual mobility handling by allowing assignment of specific cells and cell lists to adapt to different UE behavior, e.g. for different device types and environments of device usage (e.g. located within trains, vehicles on specific roads or motorways, buildings, carried by pedestrians, embedded within machines etc.).

Grouping a set of cells to a Tracking Area (TA) is a mechanism to balance paging effort and tracking accuracy but compromises individual UE location tracking and addressing since UE specific movement pattern cannot be accounted for. Each cell belonging to exactly one TA also may create conflicts at TA borders (frequent TAU for a UE staying there) or for different groups of UEs traversing one cell (and TA) at e.g. a crossroad or bridge of small roads across a highway. Enhanced dynamic mobility management can avoid these disadvantages by assigning lists of cells individually to each UE as the UE’s tracking and paging area.
The traditional TA approach requires each cell, including within NextGen system expected upcoming (massively deployed) small cells, temporary relay stations, or vehicular access nodes to be included within a TA, thus giving rise to much configuration effort at both the access nodes and the core network, which introduces the additional challenge of data consistency in CN and access nodes. Introduction of cell lists for enhanced dynamic mobility management only requires the configuration of the cell lists within the CN and cellIDs in the access nodes but no TA management at either place. It could also enable consistent treatment including non-3GPP technology and other nodes (devices in D2D communication), potentially under various ownership. 
Note that the traditional TA approach can also be used with the enhanced dynamic mobility management by assigning lists of cells to TAs as it is done in today’s networks. While this would imply similar configuration effort in the CN, the access nodes still only need configuration of cellIDs, hence removing configuration effort and consistency concerns.

Proposal
It is proposed to update solution 6.3.11  in TR 23.799 clause 6.3 - Solutions for Key Issue 3: Mobility framework as follows.
***** Start of Changes *****
6.3.11
Solution 3.11: Solution for dynamic mobility management
This is a solution to Key issue 3: Mobility framework, MM_WT_#3, in particular related to the issue “6. How to save resources for UEs that do not require full mobility?”
6.3.x.1
Mobility categories
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 or small set of cell(s), 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  is limited and tailored to a UE specific list of cells, 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 defined by the specific list of cells. At any time the network can update the UE with a new allowed  list of cells. The UE is permitted to send signalling to the network only from a cell within the allowed list of cells, and the signalling received from the UE outside the allowed list of cells may be rejected by the network with an appropriate cause value.

NOTE: Periodic updates of the UE specific cell lists can be allowed outside the allowed list because they could be used e.g. for updating the UE with a new list 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 cell list can contain cells belonging to roaming partners of the home network operator and/or non-3GPP cells – possibly within private or company ownership - is FFS.

6.3.11.2
Functional description

For “no mobility” mobility category the UE doesn’t receive any list of cells when it connects to the network and the UE is not requested to perform regular updates: CN IDLE mode is not applicable to those UEs; implicit (e.g., the network knows the UE is connected using a fixed line or a certain cell) or explicit signalling from the UE is used by the network to identify this category.

When in CONNECTED mode UEs belonging both to the “unrestricted mobility” and the “restricted mobility” category are tracked by the network across their individually assigned cell lists.
Note that the traditional TA approach can also be used with the enhanced dynamic mobility management by assigning lists of cells to TAs as it is done in today’s networks. In this case, cell lists can be considered as being assigned “group-wise” to many UEs rather than individually to each UE.
From the dynamic mobility management in IDLE mode perspective the “unrestricted mobility” and the “restricted mobility” categories behave the same way, as will be described in section 6.3.11.2.1: the only difference is in the need of an enforcement of the restrictions with respect to the allowed point(s) of attachment for the “restricted mobility” category. 
6.3.11.2.1
Dynamic mobility management in IDLE mode
When the UE is in IDLE mode, the network assigns the list of cells and the timers for the periodic update of the list based on an algorithm that it learns from the UE behaviour, i.e. the UE mobility pattern. As long as the UE stays within the same set of cells, the network progressively shrinks the list of cells assigned to the UE, i.e. where the UE can move without performing cell list update; at the same time the network increases the time required for the next periodic cell list update, i.e. the network progressively fine tunes the parameters in the algorithm to assign the list of cells and the timers for the periodic cell list update. For example, if at a certain point in time the UE becomes almost stationary then the network updates the UE at each cell list update with a list of cells that becomes smaller and smaller; if the UE becomes completely stationary the list of cells could collapse to just one cell or a small set of few neighbouring cells. Based on the same analysis of the mobility pattern, the network could provide the UE with periodic cell list update timers that become longer and longer, until the need for the periodic cell list update is completely suspended.
The savings are expected in terms of paging resources, UE power consumption, network signalling load and avoiding the complexity of having in the network different configurations to manage almost static, low mobility and high mobility devices, at the price of the computational effort to adapt the list of cells and the periodic cell list update timers to the UE behaviour. One particular advantage of the solution is that signalling storms of many UEs changing TA at the same time (e.g. train emerging from a tunnel) can be avoided.
When the UE in IDLE mode moves beyond the border of the assigned cell(s), it shall perform a mobility cell list update to continue to be reachable by the network: that cell list update triggers the network to reset the parameters in the algorithm used to assign the list of cells and the timers for the periodic cell list update to values corresponding to a full mobility pattern.
The above mentioned optimized algorithm can be a feature of the NG System, further developed and standardized in 3GPP – especially aiming at heterogeneous network access both regarding technology (e.g. 3GPP and non-3GPP) and access node features (e.g. temporary operation and moving nodes).
6.3.x.3
Solution Evaluation

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