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1. Introduction

This document describes possible registration schemes that could be used in the LTE system.

2. Terminology
We adopt the following terminology.

Tracking area based registration: Traditional registration scheme where the UE would perform a registration whenever the cell he is camping on broadcast a tracking area that is different with respect to the tracking area where the UE previously performed registration.  We assume that in each cell only one tracking area identity is broadcast.  This scheme is used in many standards, e.g. in the RAU and LAU procedures in UMTS R'99.
Hierarchical tracking area based registration: Similar to the tracking area based registration, but where each cells broadcast more than one tracking area identity.  Upon registration, the network order to the UE which tracking area he belongs to, among the ones broadcast in the cell.  The scheme can be used for URA based registrations in R'99.
TAI: Tracking Area Identity.
Distance based registration:  The UE would register when the distance between the current cell and the cell in which it last registered exceeds a threshold r.  Each cell broadcast the LAT and LONG values that are used to perform the distance computation and the Registration distance r.  The UE uses the value of r broadcast by the cell on which it last performed registration.
Generalized distance based registration:  The difference with respect to the distance based registration scheme is that the distance function is based on a formula that takes into account the LAT/LONG of the cell in which the last registration was performed (source cell), LAT/LONG of the cell that the UE is about to camp on (target cell), the r value broadcast in the serving cell and/or the r value broadcast in the cell where the UE last registered.  The decision on whether to perform registration or not is taken based on the outcome of the following binary function Rd'(), which, for each possible combination of input values, yields a unique value (TRUE or FALSE; 0 or 1):
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It is possible to achieve similar results even if a single value of r, rreg or rserv is considered.  This would yield the two alternative functions:
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3. Discussion 
All the registration schemes can be viewed as specific instances of a single general system; it is the purpose of this section to describe that system.  In Section 5 we will indicate how this generalised view of registration can be used to operate various registration schemes together on a single system in a seamless manner.

In any registration procedure, the UE’s decision to register or not can be considered as the output of a binary function R(), whose arguments vary according to the registration scheme.  We present examples of this function for certain cases already discussed; more generally, however, the function R() can be any binary function that satisfies certain constraints designed to prevent missed paging messages.  The exact description of these constraints varies with the form in which tracking areas are described, but for any set of tracking areas, the constraints capture the restriction that if the UE is no longer in the tracking area in which it last registered, it must perform a registration—that is, the value of R() must be 1.

In the case of conventional tracking-area-based registration, the function is

	(3.4)
	
[image: image4.wmf]î

í

ì

=

¹

=

new

old

new

old

new

old

TA

TA

TA

TA

TA

TA

TA

R

0

1

)

,

(




where TAold and TAnew are the last-registered and currently-serving tracking area IDs.

In the case where a cell belongs to multiple routing areas, the simplest registration function (in which the UE registers only when it has left the tracking area in which it most recently registered) is
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where TAreg is the tracking area in which the UE last registered, and TAnew,1, TAnew,2, ..., TAnew,n are the tracking areas to which the new serving cell belongs.

The simplest case of distance-based registration, in which the UE registers only when it exceeds a threshold distance from the cell on which it last registered, is represented by
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where Lat{reg,serv} and Long{reg,serv} are the latitude and longitude of the last-registered and serving cells, respectively, and dist() is the ordinary Euclidean distance function.  More sophisticated forms of distance-based registration may take into account other parameters such as the registration distance in the serving cell, the position of the UE itself, etc.

	(3.7)
	
[image: image7.wmf]î

í

ì

>

=

otherwise

r

r

Long

Lat

Long

Lat

dist

r

Long

Lat

Long

Lat

R

serv

reg

serv

serv

reg

reg

reg

serv

serv

reg

reg

d

0

)

,

min(

))

,

(

),

,

((

1

)

,

,

,

,

(




	(3.8)
	
[image: image8.wmf]î

í

ì

>

=

otherwise

r

Long

Lat

Long

Lat

dist

r

Long

Lat

Long

Lat

R

serv

serv

serv

reg

reg

serv

serv

serv

reg

reg

d

0

))

,

(

),

,

((

1

)

,

,

,

,

(




	(3.9)
	
[image: image9.wmf]ï

î

ï

í

ì

<

>

=

otherwise

r

r

r

Long

Lat

Long

Lat

dist

r

r

Long

Lat

Long

Lat

R

reg

serv

reg

serv

serv

reg

reg

serv

reg

serv

serv

reg

reg

d

0

1

))

,

(

),

,

((

1

)

,

,

,

,

,

(

'




The case in which the UE takes into account the positions and registration-area radii of both “old” and “new” cells is of particular interest.  We refer to this method as “generalised distance-based registration” in the sequel.  The registration function can be described as

	(3.10)
	
[image: image10.wmf]()

)

,

,

,

,

,

(

'

'

d

serv

reg

serv

serv

reg

reg

d

R

r

r

Long

Lat

Long

Lat

R

=




which is a generic binary function, i.e. a function that yields the same value (0 or 1) for the same set of input parameters.  The function in equation 5.7 is a generic expression and includes, as special instantiations, all the distance based functions above, i.e. 5.3, 5.4, 5.5 and 5.6.  Note that it is not necessary that the Euclidean distance is used, since any binary function with 
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as input parameters would suffice.

In this view, the selection of a registration scheme is simply the choice of a function governing the decision on whether to register in any given cell.  Moreover, there is no fundamental reason why the function needs to be the same in all cells across a system.  On entering a new cell, a UE applies some function to decide whether to register; but there is no necessary association between the decision in the new serving cell and the decision made in a previous serving cell.  The only restriction is that the network must always be able to page the UE; that is, at each change of serving cell, the UE must register if the serving cell is not in the set of serving cells indicated to the network by its previous registration.  Provided this constraint is met, registrations using different criteria on different cells present no problem.  In the next section we demonstrate why this is useful.

4. Forced registrations at pre-determined boundaries
During the initial discussion of distance based registration in RAN2, the issue of how to force the registration across different E-UTRAN manufacturers was raised.  The concern is that Node Bs of Vendor A may not be able to communicate with Anchors of Vendor B.  Such a lack of interoperability across elements of different vendors may negate some of the benefits of the new E-UTRAN architecture, but, assuming that this is a real issue, we should try to have solutions that can cope with it.
It is easy to force the registration at a predetermined boundary if tracking area schemes are used.  The pre-determined boundary will just have to coincide with the boundaries of tracking areas.  In case of hierarchical tracking area based registration, special care should be taken so that pair of cells on opposite sides of a pre-determined boundary do not belong to the same tracking area.  This means that the benefits of the hierarchical tracking (e.g. smoothing of the registration load) area schemes are lost on the pre-determined boundary.  In fact, every UE will register when crossing the pre-determined boundary. 
In distance based and generalized distance based registration schemes the registrations can be forced across a pre-defined boundary provided that the value R is smaller than any of the distances between pair 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.
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Figure 4.1 Forced registrations with distance based schemes
In the figure above different colours may correspond to different Node B vendors.  If the "virtual" separation is larger than the largest value of r used in the distance based scheme, the UEs will always register when crossing a manufacturer boundary.

5. Airport conundrum

Any of the various distance-based registration algorithms lose many of their benefits in situations where many physically collocated UEs register at the same time and move together through the service area.

The typical example is a commercial flight landing at an airport; the passengers are all located together in a serving cell and all turn on their phones more or less simultaneously, resulting in a sudden burst of registrations.  In a sufficiently large airport this crowd will then move together over a potentially great distance (e.g., by shuttle bus from plane to terminal, then through the corridors to customs and the baggage-claim area) before dispersing.  During this time all the phones will be registering in synchrony; since they all registered at the same time and in the same serving cell initially, they reach the registration distance from the initial serving cell at the same time, and again register together in a new serving cell, then repeat the process until the physical dispersal of the crowd.  Figure 5.1 shows this process; all UEs register together in (distance-based) TA 1, then again upon moving into TA 2 and a third time upon moving into TA 3; not until the users disperse out of TA 3 is the cluster of registrations broken up.  In effect, the distance-based registration scheme is behaving like a static tracking-area-based scheme in this case.
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Figure 5.1: The airport conundrum

To minimise this problem, the operator can operate a tracking-area-based registration scheme in the vicinity of the airport, with several overlaid “levels” (e.g., different system frequencies) having different arrangements of tracking areas.  The problematic crowd is thus spread over several layers, and while the synchronous registration behaviour occurs on each layer separately, the different arrangements of tracking areas on the layers reduce the problem by spreading out registrations in time and space.  Figure 5.2 shows this solution (note that the two layers are physically collocated).
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Figure 5.2: Resolving the airport conundrum by layering

The circles in Figure 5.2 indicate overlapping tracking areas (not derived by a distance-based scheme) distributed between two layers.  The operator will ensure to spread the UEs evenly across the layers by assigning (upon initial registration) to some of them TA1 and to the remaining ones TA4. 
In sum, the airport conundrum indicates that there are sound reasons for operators to use tracking-area-based schemes (with several layers) at airports and any other locations that tend to give rise to strongly clustered registrations.  However, it is still beneficial for the same operators to use distance-based registration outside these problematic areas, and maintaining the two registration schemes in a single system requires some coordination on the part of the operator.  The next section addresses how this coordination can be accomplished.

6. Hybrid schemes

This section describes the implementation of a “hybrid” registration scheme, in which some cells (e.g., near the airport) use tracking-area-based registration and others use distance-based registration.  We assume that the tracking-area scheme may be the extended version in which each cell could belong to several tracking areas, and that the distance-based scheme could be of the generalised form described in equation 5.7.

Throughout the system, all cells need to broadcast their latitude and longitude, including the cells that are using tracking-area-based registration only.  This is because a UE that last registered in a cell using distance-based registration may enter one of these cells and need to decide whether to register.

At cell reselection, the UE performs the following procedure:

1) The UE reads the system information on the new serving cell.

2) To determine whether to register, the UE applies a registration function R, whose input and behaviour depend upon the contents of the system information, as follows:

a) If the system information includes a list of tracking areas TA1, TA2, ...,TAn to which the serving cell belongs, the registration function is a generalised registration function of the form R(TAreg, TA1, TA2, ...,TAn,, Latreg, Longreg, Latserv, Longserv, rreg, rserv), with the notation as in Section 5.  The function R must have the following properties:

If the registered tracking area TAreg does not appear in the set { TAi }, R() must take the value 1;

If the UE’s last registration was distance-based, and the distance between the points (Latreg, Longreg) and (Latserv, Longserv) is greater than rreg, R() must take the value 1, or, more in general, if the function described in equation 5.7 has value 1, then R() must take the value 1.

b) If the system information does not include a list of tracking areas, the registration function is a generalised distance-based registration function (similar to that in equation 5.4) of the form R(Latreg, Longreg, Latserv, Longserv, rreg, rserv) (again with the notation of Section 5).  The function R() must take the value 1 if the distance between the two points (Latreg, Longreg) and (Latserv, Longserv) is greater than rreg, or, more in general, if the function described in equation 5.7 has value 1, then R() must take the value 1.

3) The UE registers if indicated by the value of R() in step 2, and retains state information on this registration for use at future cell reselections.

Note that the function R() of step 2 may have additional properties beyond those actually required of it; examples would include the “minimum radius” function of equation 5.4, functions capturing the heuristics described in Section 4, or any other behaviour that satisfied the conditions of step 2.  The exact function might be explicitly described in a specification.

On the network side, the paging procedure takes place as follows:

1) If the UE to be paged last registered in a static tracking area T, all the cells within T are instructed to send a page for the UE;

2) If the UE last registered using distance-based registration, in a cell C with associated registration radius r, all cells within a distance r of C are instructed to send a page for the UE;

3) If the generalized distance-based registration is used in some of the cells, the network will page the UE in all the cells that would not require the UE to register (value 0) according to the function in equation 5.7.  Note that the network know in which cell the UE last registered, and, therefore, it knows the exact values of 
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7. Complexity considerations
Superficially, it appears that cases 2 or 3 require the network 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.  Thus, for the network implementation, case 2 above functions as a version of case 1; in case 1, the lookup key is the tracking area ID that identifies T, and in case 2 it is the identity of the cell C, but in both situations the network implementation is performing a database lookup rather than a large number of distance computations.  For this reason, the efficiency of the registration and paging procedures is not very sensitive to the complexity of the function R().

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 Anchor, or it could be centralized and accessed by every Anchor, at the expense of some delays in the paging procedure.
It is worth noting that the hybrid schemes described above 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.
We acknowledge that, if distance based registration techniques are used, the planning phase of E-Node B deployments would be somehow complicated by the need to provision the database with correct information.  However, it is conceivable that software tools should be able to automate this process.  The database needs to be updated whenever new E-Node Bs are added to the network.

8. Conclusions

The document describes the flexibility of distance based registration schemes and the possibility to simultaneously implement tracking area and distance based registration schemes in E-UTRAN.
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