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Introduction

The Qualcomm proposal on distance based registration was first introduced in [1].  In this document we analyze this proposal more in detail.
Discussion

In addition or in alternative to the usual tracking area based registration, the distance based registration could be used.  In this scheme each Node B would broadcast in the system information message the Latitude and Longitude 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 is 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 Latitude and Longitude 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.

The main benefit of the distance based registration is that it helps to spread in time and in space the signalling required by the tracking area based registration.  In reality, the distance based registration can be seen as special case of tracking are 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, and this becomes impractical if the cell belongs to hundreds of tracking areas.

The association between Node B and RNC in UMTS is geographically defined.  For this reason the tracking area identity (URA Identity) is associated to the identity of the Controlling RNC.  If the future interface between E-Node B and Anchor is of the "flex" type, there is no obvious association between the tracking area identity and the Anchor identity.  In this case the distance based registration approach provides a simple scheme to identify (virtual) tracking areas.
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Figure 1: Distance based registration

A scenario where the distance based registration would help to smooth the signalling load across time and space is the following.  If a bus carrying dozens of subscribers is crossing the traditional tracking area boundary, all the UEs in the bus would attempt to perform the registration procedure roughly at the same time.  If distance based registration is used, only a fraction of the UEs would perform the registration procedure in the new cell, and in particular, only the UEs that did register in a cell that is farther away than R with respect to the current cell Latitude and Longitude.

The value of R can be the same for all UEs (signalled on system information) or it can be UE specific (sent on dedicated signalling) so that it can be adapted to different levels of mobility of the UE.  A small value of R would reduce the load on the paging channels, since a smaller set of Node Bs would have to be involved in the paging procedure.  Small values of R are suitable for UEs in low mobility state (infrequent change of cell).  A large value of R would reduce the frequency of the registration procedures performed by the UE, and it would be suitable for UEs that change cell very frequently.
Conclusion

In this document the distance based registration has been described.  This scheme is particularly attractive in E-UTRAN since the association between E-Node Bs and Anchors should not be geographically based ("flex" approach).  The scheme is similar in principle to the tracking area registration scheme, but it has the advantage of spreading the registration across many cell boundaries.  The selection of an appropriate value of the distance R allows to trade off the paging channel capacity with the frequency of registrations.  Different values of R could be assigned to UEs with different mobility levels.
References

[1] R2-052921, Qualcomm proposal for E-UTRAN Architecture and Protocols, Qualcomm
