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Introduction

In cellular system there are two conflicting objectives that need to be met: paging load minimization and User Equipment location updates signalling minimization. Paging load is minimized when location of UE is known with accuracy (and as such the number of cells over which paging messages are sent is minimized). Location accuracy requires small tracking areas, which in turn implies updating the UE location frequently and increasing the Location update traffic. There are ways to modulate the size of the tracking area based on distance from last update and even speed of a UE, so as to reduce adapt the Location update traffic/tracking area size to UE mobility pattern. However, this may prove to be computationally more complex than having other kinds of strategies based on static tracking areas. This contribution proposes the introduction of the concept of hierarchical tracking areas in the evolved system to address these two conflicting goals.

Discussion

It is proposed that any E-NodeB could be associated to n tiers of Tracking Areas, one is default (tier 1 for instance associated to 10 Evolved NodeBs), one is larger than tier 1 (Tier 2, for instance encompassing 50 Evolved NodeBs), and one is larger than tier 2 (Tier 3, for instance encompassing 100 Evolved NodeBs) etc…. Every evolved nodeB in a network belongs to the same number of tiers and advertises the ID’s of all the tracking areas at all tiers it belongs to.

A UE may be assigned to a tier based on the frequency of updates over a window of time. Each different class may have a different time window over which measurements are taken. There are thresholds based on which a UE gets moved up to a bigger Tracking area and threshold based on which a UE is allowed to return to a smaller tracking area (or guard timers to introduce some hysteresis). All the time windows and thresholds are tuneable by operators. Broadcast information is used to deliver to UEs the identity of all tracking areas of all levels a cell belongs to. Location update messages carry the identity of the tracking area a UE is in based on its location and on running the tier selection Algorithm.  With this approach, UE’s generating a lot of signalling (e.g. fast moving UE’s) will be moved up to larger tracking area, and for this reason they will tend to issue location updates less frequently. Relatively static UE’s will normally be in the lowest tier tracking area and their location would be known with good accuracy. Therefore, this approach helps in reducing both location update signalling load and paging signalling load.

To describe this approach better, the following example may be useful. Any Evolved NodeB could be associated to 3 Tracking Areas, one is default (tier 1 for instance associated to 10 Evolved NodeBs), one is larger than tier 1 (Tier 2, for instance encompassing 50 Evolved NodeBs), and one is larger than tier 2 (Tier 3, for instance encompassing 100 Evolved NodeBs). A UE starts using Tier1 Tracking areas (TA). It starts a timer T1. If within a time T1 the number of location updates exceeds a threshold Thr1, the mobile shall start using the Tier 2 Tracking area value and enters Tier 2 TA mode. If not, it restarts the timer and keeps counting. Once a UE has moved in Tier 2 TA mode, it will start a timer T2 and count updates at tier 2 level again, and if a threshold Thr2 is exceeded, then it will move to Tier 3 mode and update location using Tier 3 TA value, if not it will stay within tier 2 mode, or, if no updates happen within time T2, it would move back to tier 1 mode. Once a UE is in Tier 3 mode, it will start Timer T3 and count the number of updates in tier 3 mode and would return to tier 2 only if no updates happen within a time T3 period. In some pathological cases, a UE in tier 3 may generate a lot of updates because it is at a boundary between Tier 3 TA’s, so in this case it could be possible to define a threshold above which a UE is moved back to a Tier 2 level assuming that the Tier 2 TA is designed in such a way that the boundary is not the same as the T3 TA.
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Figure 1 Hierarchical Tracking areas concept

Network based algorithms may also be used to command a UE to move to a different tier or to a specific tracking area.

Every Evolved NodeB in the network, when a UE based process decides which tier to pick, would advertise parameters needed to run the algorithm, in such a way that the operator can control the UE behaviour (that is, at times of heavy load of location update, UEs will be caused to move to upper tiers faster, whereas at times of high paging load, UEs will move to lower tiers faster).

Conclusion

This paper has proposed that the in the evolved system the concept of hierarchical tracking areas be adopted to help handling the location update signalling load and the paging load. Whether the UE or the network (or both) will select the hierarchical level is FFS. It is proposed to add this concept to TR 23.882 by including the following proposed text.

==========================

Proposed text

==========================

7.3
Tracking Area

7.3.1
Description of issue

In GSM, mobiles are tracked in Location Areas and Routeing Areas. In UMTS, mobiles can be tracked in UTRAN Registration Areas as well as LAs and RAs. Within this Technical Report, Tracking Area is used as a generic name for LA, RA and URA.

Within the LTE/SAE work, there has been debate about how many levels of Tracking Area there should be.

7.3.1.1
Hierarchical tracking areas concept

Any E-NodeB could be associated to n tiers of Tracking Areas, one is default (tier 1 for instance associated to 10 Evolved NodeBs), one is larger than tier 1 (Tier 2, for instance encompassing 50 Evolved NodeBs), and one is larger than tier 2 (Tier 3, for instance encompassing 100 Evolved NodeBs) etc…. Every nodeB in a network has the same number of tiers and advertises the ID’s of all the tracking areas at all tiers it belongs to.

A UE may be assigned to a tier based on the frequency of updates over a window of time. Each different class may have a different time window over which measurements are taken. There are thresholds based on which a UE gets moved up to a bigger Tracking area and threshold based on which a UE is allowed to return to a smaller tracking area (or guard timers to introduce some hysteresis). All the time windows and thresholds are tuneable by operators. Broadcast information is used to deliver to UEs the identity of all tracking areas of all levels a cell belongs to. Location update messages carry the identity of the tracking area a UE is in based on its location and on running the tier selection Algorithm.  With this approach, UE’s generating a lot of signalling (e.g. fast moving UE’s) will be moved up to larger tracking area, and for this reason they will tend to issue location updates less frequently. Relatively static UE’s will normally be in the lowest tier tracking area and their location would be known with good accuracy. Therefore, this approach helps in reducing both location update signalling load and paging signalling load.

7.3.2
Agreements on Tracking Area Issues

It is agreed that:

-
There is only one common Tracking Area concept defined for RAN and CN in LTE/SAE.

-
The location of a UE in LTE_IDLE is known by the network on a Tracking Area granularity.
-
The concept of hierarchical tracking areas is adopted for the evolved system, 

Editor’s note:it is FFS whether the UE, the network, or both determine the tracking area hierarchical level to be used for a location update.

-
A UE in LTE_IDLE is paged in all cells of the Tracking Area in which it is currently registered.

-
In order to avoid excessive Tracking Area update signalling within LTE, for terminals located on a Tracking Area border, the following solutions should be considered (detailed solutions are FFS);

a)
Allow one LTE cell to belong to multiple Tracking Areas, and allow the Tracking Areas to partially overlap each other

b)
Support the allocation of multiple Tracking Areas to the same terminal.
3GPP

SA WG2 TD


_1202155397.vsd

