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Abstract of the contribution: This contribution provides an update of the DMM solution as well as an evaluation and recommendation.
Discussion
In this contribution, both the TA based approach and the cell list approach for dynamic mobility management are described. Further detail is added how each of the two approaches works.

Considering different operator’s needs, and can be argued that some operators may prefer to maintain the existing TA  solution (e.g. because of backward compatibility) while others may want to exploit the added functionality and flexibility of the new solution.  When analyzing the impacts of both approaches onto the UE and the network, it is argued that both approaches can be supported in NextGen with minor impacts. In order to make the solution work, UEs must support both approaches while operators may configure their network to support either one of the approach only, or both (either concurrently or area-exclusive).

It is therefore recommended in this contribution to specify dynamic mobility management and enable both the TA based approach and the cell list based approach.
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?”

In this solution, both an approach that uses the traditional TAs and an approach that uses UE specific cell lists is described with the expectation that a choice will be made for the normative phase.
6.3.11.1
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 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. At any time the network can update the UE with a new allowed geographical area (i.e. assign a new TA list or cell list to the UE). The UE is permitted to send signalling to the network only from a cell 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.

6.3.11.2
Functional description

For “no mobility” mobility category the UE doesn’t receive any list of tracking areas/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 areas, which may consist of many cells.

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 (e.g. the allowed cells) 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 tracking areas/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 (as defined by the assigned TA list or cell list), the network progressively shrinks the list of tracking areas/cells assigned to the UE, i.e. where the UE can move without performing any update signalling; at the same time the network increases the time required for the next periodic tracking area/cell list update, i.e. the network progressively fine tunes the parameters in the algorithm to assign the list of tracking areas/cells and the timers for the periodic updating. For example, if at a certain point in time the UE becomes almost stationary then the network updates the UE at each tracking area/cell list update with a list of tracking areas/cells that becomes smaller and smaller; if the UE becomes completely stationary the list could collapse to just one tracking area/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 update timers that become longer and longer, until the need for the periodic 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/tracking areas and the periodic cell list/tracking area update timers to the UE behaviour.
When the UE in IDLE mode moves beyond the border of the assigned tracking areas/cell(s), it shall perform a mobility tracking area/cell list update to continue to be reachable by the network: that update triggers the network to reset the parameters in the algorithm used to assign the list of tracking areas/cells and the timers for the periodic 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).
6.3.11.2.2
Differences from existing solutions

Firstly, three different mobility levels are defined for NextGen UEs that do not exist in this fashion in current networks.

For the TA based solution, it enables the network to provide adaptive management of TA list assignment and tracking area update timers per UE.

The cell list solution further enhances the TA based solution by allowing to assign individual cell lists per UE, whereas in the TA based solution, all UEs in the same TA use the same cell list. Thereby each UE can use its specific area - with a finer granularity than TAs - for paging and location updating. This also implies that the area boundary is different for each UE. Therefore, 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.

With the cell list solution, it is not necessary to manage TAI on the RAN level, i.e. no TAI is broadcasted by the RAN nodes. The cell list is maintained in the CN for each UE, and transmitted to the UE (in place of a TA list) via NAS signalling.

Maintaining the TA list or cell list assignments can be handled by the MM function, or by an external repository such as the shared data layer or UDM, which the MM function can query if it needs to page the UE. Any processing algorithm that may be employed to dynamically fine tune the TA/cell list assignment can be implemented in the MM function or in an “external” network function.

The traditional TA approach can also be emulated with the cell list solution, by assigning predefined sets of cells to “areas” in the same way as TA planning is done today. In this case, the same cell list would be assigned to UEs that camp on the same cell rather than individual lists to each UE, thereby sacrificing some of the advantages of the solution for the sake of, at least initially, maintaining today’s network planning approach. It can be envisaged that this approach would be the default, without or prior to applying any tuning algorithm that would subsequently make the cell list UE specific based e.g. on UE behavior analysis.

6.3.11.2.3
Procedure for configuring tracking area and cell based mobility handling

It is assumed that each network operator decides on which mobility handling method to support:

· either TA based method overall the network

· or cell list method overall the network

· or both the TA based and the cell list based mobility methods:

· concurrently and dynamically applicable based on actual UE specific needs, or
· one method in certain network areas and the other method in other network areas, depending on the environment in terms of location and/or time, e.g. geographic parameters

Therefore, all NextGen UEs must support both the TA based approach and the cell list approach, whereas both methods are optional for the network. Which one of the approaches is actually applied depends on the serving operator’s network configuration. If a cell broadcasts no TAI then only the cell list method is supported in this cell. If a cell broadcasts a TAI, then the TA based solution is supported in this cell, and the cell based solution may or may not be supported in addition.
The mobility category as described in section 6.3.11.1 is stored within UE subscription information (Subscriber Data Management, SDM) and may be available at the UE e.g. based on the UE’s mobility history or explicit signalling. The procedure for configuring mobility category and applying mobility solution is described in the following:

1. During Attach procedure, CP MM function in CN configures mobility category to the UE based on UE subscription information and – if applicable - also on UE's mobility history. The CP MM function retrieves the mobility category value per UE (denoted by N, R, or U, for no/restricted/unrestricted mobility) from UE subscription information at SDM, and assigns either the applicable TA or the cell list to the UE:

a. In case of no mobility (N) the cell ID of the actual access node is assigned. No mobility support in terms of tracking and paging is provided. This may be indicated to the UE during attachment.

b. In case of restricted mobility (R), if the UE’s predefined set of allowed TAs or the corresponding cell list does not contain the actual access node ID the attachment request may be rejected. Otherwise the allowed restricted TAs or the corresponding cell list is assigned to the UE.

2. In R and U case, usual area based paging and location updating is performed. During each TAU the UE specific area may be reduced following a specific metric (e.g. cell list is reduced to half of the previous one) until the cell list equals the current cell. In case a cell change is detected during TAU the TA or cell list may be  reset to a new one (including the original one). In case the new cell is not contained in the old TA/cell list and the category is U (unlimited) a new Cell list is constructed.
The network indicates to the UE whether it assigns a cell list or a TA list. This can be changed upon every TAU.
6.3.11.3
Solution Evaluation

Conceptual evaluation of Solution 3.11 (Dynamic Mobility Management):

· Continuing TA maintenance allows for backwards compatibility of the new mobility handling solution.

· Cell list based method introduces additional flexibility (including, during each TA update the used method can be adapted to a new situation).
· The cell list solution can be deployed in a way that mimics today’s TA based approach, by configuring pseudo-static cell lists in the same fashion as TAs today.
· Supporting both methods is considered advantageous since each may be helpful in specific environments and for selected network slices only.
· A network may support both methods concurrently or exclusively in certain areas, or only one of the methods, depending on operator configuration.
· Overall, the effort on the UE and the network side to support both methods is considered minor.
· Therefore it is recommended to specify both methods for Nextgen so that either of them can be used alone, or both in concurrent or in non-overlapping way, depending on operator configuration.
System level impact:

· On the UE
· It is necessary for the UE to know whether it is assigned a cell list or a TA list, this needs to be indicated by the network.
·  The UE needs to be able to read the TAI from the cell broadcast (as today), and be aware of the relevance of the presence or absence of the TAI.
· Other than the two above points, the “tracking area” handling in the UE is independent of whether TA or cell list is used.
· On the network

· Inside the signalling, the difference between TA list vs. cell list needs to be indicated towards the UE.
· In both cases, network planning defines areas by means of groups of cells. Only for the TA solution it is necessary to assign a TAI explicitly to such cell groups, and configure it in the network (particularly, the eNB).
· For both approaches, additional functionality is needed to manage the dynamic shrinking or expansion of the TA/cell list assigned to a UE. This function can be inside the MM function or implemented in an application function that the MM function can communicate with.
· Depending on the solution, adjacency relationsips need to be managed based on TA or based on individual cell.
· Overall, the area handling in the network is very similar for both methods. Additional effort is only necessary for the “intelligent” functions in terms of UE individual assignment, but also additional value comes from it. This is true for both the TA and the cell list based approach.
Comparison to other solution proposals for Key Issue 3:

· Compared to Solution 3.9 (Mobility levels using Mobility and Session classes): Solution 3.11 offers increased flexibility by free adaptable Cell ID lists instead of traditional TAs

· Compared to Solution 3.15 (Solution to support different levels of mobility): Solution 3.11 offers increased flexibility by free adaptable Cell ID lists instead of traditional TAs
· Compared to Solution 3.16 (Limited & Unlimited UE mobility level): Solution 3.11 offers higher granularity in terms of three instead of two mobility levels – and via the new mobility handling adaptable paging areas on a per UE basis

· Compared to Solution 3.23 (Two layers Tracking Area handling): Solution 3.11 offers increased flexibility by free adaptable Cell ID lists instead of two different TA choices only – and allows for handling of UE specific pre-defined areas

· Compared to Solution 3.24 (Mobility pattern based mobility management): that solution also proposes to adapt TA (lists) for specific UE context but does not explicitly mention an alternative method in contrast to Solution 3.11 which introduces an optional cell list based approach
***** End of Changes *****

