S2-062072



3GPP TSG SA WG2 Meeting#53
S2-062072
26 – 30 June 2006

Lisbon, Portugal
Source:
QUALCOMM Europe
Title:
Distance Based Registration for Idle Mode Mobility
Document for:
Discussion and decision
Agenda Item:
7.5.1.1
Work Item / Release:
SAE
1. Introduction

In this paper we address the issue of UE registration based on advanced registration area concepts.

In present systems such as GSM and UMTS, registration has been based on mobility between statically defined tracking areas. Such tracking schemes are based on the following two concepts:
Tracking area based registration: Traditional registration scheme where the UE would perform a registration whenever the cell it  is camping on broadcast a tracking area that is different with respect to the tracking area where the UE previously performed registration. In each cell only a single tracking area identity is broadcast.  This scheme is used in many standards, e.g. in the Routing Area Update (RAU) and Routing Area Update (LAU) procedures in UMTS R'99.

Hierarchical tracking area based registration: Similar to the tracking area based registration, but where each cell broadcasts more than one tracking area identity.  Upon registration, the network configures the UE which tracking area it belongs to, among the ones broadcast in the cell.  The scheme can be used for UTRAN Registration Area (URA) based registrations in UMTS R'99.

Such schemes are very simple but result in some well-known problems, especially related to load balancing.  For instance, a large body of users crossing from one tracking area to another together (as on a commuter train) gives rise to a correspondingly large local spike in uplink traffic due to registrations.

In addition, there are issues at the scale of individual UEs, such as “ping-pong” registrations when a UE is essentially stationary near a tracking area boundary.  There are two general approaches to ameliorating these problems, the “layered” and “distance-based” registration approaches.  
This document describes the basic concept of distance based registration and proposes to provide support for distance based registration in LTE/SAE.
2. The distance-based registration concept
In a layered-tracking-area scheme, each cell belongs to multiple tracking areas; at registration, a UE is assigned to one of the tracking areas of the serving cell, and it subsequently moves freely within that tracking area, registering again when it enters a cell that does not belong to the serving tracking area.  
In the distance-based model, a tracking area consists of a distinguished central cell, and all the cells within some distance r of the central cell; when a UE registers, it is associated with the tracking area centred at the serving cell, and registers again when it enters a cell whose geographic distance from the central cell exceeds r.  This concept is illustrated in Figure 1. In addition, variations on these schemes have been discussed, e.g., the “variable-distance” scheme of [3].  
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Figure 1:  Distance based registration
In the distance-based scheme, each Node B would broadcast in the system information message the Latitude (LAT) and Longitude (LONG) of the base Node B position with respect to an absolute reference grid (true LAT and LONG) or with respect to a relative reference grid.  The UE would be assigned a maximum distance r via dedicated signalling or via the system information message, if r  should be the same for all UEs.  When the UE camps on a new cell, it would check the Latitude and Longitude signalled by the new cell and it will compare it with the coordinates signalled by the cell on which it performed registration the last time.  If the distance between these two signalled coordinates is larger than r, the UE will register in the new cell.  Note that the knowledge of the location of the UE is not required in this procedure, i.e. this procedure is not related to position location techniques such as A-GPS, OTDOA or Cell ID.

Distance based registration could be used in addition or in alternative to the usual tracking area based registration.  
In reality, the distance based registration can be seen as special case of tracking area based registration, where the number or tracking areas equal the number of the cells, for a given value of r.  In this case we could call the cells that fall within a distance r of cell X as the virtual tracking area identified by cell X and distance r.  The main reason for having a separate scheme and not just reuse the distance based registration, is that with distance based registration only the Latitude and Longitude of the cell has to be signalled. In order to achieve the same benefits in a tracking area based scheme, it would be necessary to signal all the Tracking Area Identities the cell belongs to. This becomes impractical if the cell belongs to hundreds of tracking areas.

In the generalized distance based registration scheme described in [1] the decision on whether or not to perform registration is taken based on the outcome of a more sophisticated binary formula.  This formula not only tests if the geographical distance is larger than the  threshold r, but takes into account both the r values and the LAT/LONG values broadcast in the serving and target cells, respectively.
In distance based and generalized distance based registration schemes the registrations can also be forced across a pre-defined boundary provided that the value r is smaller than any of the distances between pairs of cells on opposite sides of a pre-determined boundary.  This can be ensured by progressively reducing the value of r close to the pre-determined boundary or by advertising LAT/LONG values that are separated by more than the value of r, even though this does not reflect the real LAT/LONG.

Hybrid schemes are also possible between distance based and static tracking area based methods.
3. Benefits of the distance based registration 
The first benefit of distance based registration is the spreading of the registration loads, uniformly over a geographical area of interest.
Another benefit in addition to load balancing is the avoidance of ping-pong scenarios for stationary or near-stationary UEs; these are not frequent scenarios at the system scale, but they have a significant impact for the UEs to which they happen (e.g., if the user lives near a TA boundary, the battery runs down overnight).  These scenarios can be handled by hierarchical TAs as well, but then an extra layer of intelligence is needed somewhere in the system, so that stationary UEs actually do end up registered on a TA where they are close to the centre.  
For UTRAN, the association between Node B and RNC is geographically defined.  For this reason the tracking area identity (URA Identity) is associated to the identity of the Controlling RNC.  
In LTE/SAE, the interface between E-Node B and Anchor is of the "flex" type,  that means there is no obvious association between the tracking area identity and the Anchor identity.  For this architecture the distance based registration approach indeed provides a simple scheme to identify (virtual) tracking areas.

Details on the performance of layered-tracking-area and distance-based schemes, as compared to each other and to the “classic” single-tracking-area model, in representative service environments are discussed in [2]. The simulation results demonstrate, that in a variety of settings, distance-based registration offers strong performance advantages over static schemes with a small number of layers. Under the given assumptions, the number of layers needed for a static scheme to perform comparably to distance-based registration would be inconveniently large.

5.  Complexity considerations
Superficially, it appears that the network has to make frequent calculations of the distance between cells; in fact we assume that these computations would be done once, in the course of network planning by the operator, and the results stored in a database in the network.  
The size of the database including all the paging areas can be large if multiple values of r are used.  However, it is conceivable that the cost of data storage will be significantly lower than it is today by the time LTE is deployed.  Such a database would have to be maintained in each MME, or it could be centralized and accessed by every MME, at the expense of some delays in the paging procedure.
It is worth noting that the hybrid schemes would not increase the complexity on the UE side or on the network side, since the paging area database would have to be generated according to the hybrid rules.

Lastly, this scheme would work regardless of the scheme that is used to determine the (virtual) tracking areas in LTE.  This means that distance based registrations could complement the "Equivalent RAs and SGSN proxy" proposal as described in Annex D.2.4 of TR 23.882 [4] and not replace it, provided that the operators are interested in the benefits of distance based registration (spreading the registration load across time and across eNode Bs without paying the price of many Tracking Area identities to be broadcast in each eNode B).
6 
Conclusions and Proposal
This document has described the flexibility and benefits of distance based registration schemes.

We propose to adopt such a scheme for LTE/SAE. The annex of this paper proposes the  respective addition to Section 7.3 of TR 23.882 [4].
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ANNEX
The following text is proposed for inclusion into TR 23.882 

*** Start of Modified Section ***
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.

7.3.2
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.

-
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.
c)  Support for a distance based registration scheme.
*** End of Modified Section ***
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