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Abstract

This document proposes an improvement applicable to alternatives 1 and 2 as described in TR 23.880 v0.1.0 in sections 6.1 and 6.2.
This improvement allows spreading the signaling load for area updates over several minutes without any efficiency or reachability drawback. Furthermore, UEs implementing this improvement can fully avoid the times when legacy UEs issue their area updates, virtually limiting the load peaks at area border to only legacy UEs.
Background

Alternatives 1 and 2 in TR 23.880 v0.1.0 have three important drawbacks addressed by this contribution:

· The signaling load by registration updates at area borders can only be reduced by a small factor. Factor 2 in a common case, slightly better values only by more complex grouping (longer lists of areas and high complexity if all borders have to get signaling load reduction)
· Most registration updates are executed on the cells at area borders.
· The network must distribute UEs in different groups in a pseudo-random way.

In order to refer to both alternatives, this document uses the term “registration area” to refer to any of “routing area”, “location area” or “extra area”. Note that it would also be applicable to “tracking area”.

Improvement Proposal

This document proposes to introduce the concept of a “center” of the list of registration areas, and the “border” of the registration area. The UE is reachable by the core network in all the areas in the list, but it is only required to issue the registration area at any time while in a border area. 
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Key Principles

The UE gets a list of registration areas at attach or registration area update and differentiates between center areas and border areas.

· In its simplest form, the area where the attach or area update took place is the center area, any other area in the list is a border area

· In a more complex form, the UE gets a list of tagged areas, allowing for a set of center areas similar to the concept of list of TAs used by EPS to avoid the ping-pong effect

For the Core Network, the UE is reachable in any of the areas in the list. The UE is paged in all those areas. Two alternatives:

· The first page is issued only in center areas. If no response, a second page is sent in center & border areas. Advantage: less paging load. Disadvantage: possible paging delay

· The first page is issued to all areas. Disadvantage: high paging load

While in a “central area” the UE in idle-mode only sends periodic area updates.

While in a “border area” the UE has a random timer set to issue an area update (spread over minutes). Note that this also allows distributing the registration area updates among different cells, including those in the center of the area.
When the UE issues the registration area update, it gets a new list, centered on the current area.

Only if the UE enters in a registration area out of its list, shall it send a registration area update immediately (as in the case without RED).

Considerations about the Random Timer

One key part of the implementation of this improvement is the time that a UE moving from a center area to a border area shall wait before issuing a registration area update.

Although advantages are achieved even by a very primitive implementation of this timer, as long as it is somehow random, it is recommended to use upper and lower bounds for this timer, and to use a uniform distribution.

Recommendations:

· “Tmin and Tmax can be sent by the CN with the list of areas

· The UE should not issue an area updated before Tmin after entering the border area (to avoid overlap with legacy UEs)

· The UE should not wait longer than Tmax(recommended about 5 to 10 min, but dependent on area size)

· The UE should use as input the time before its previous area border crossing (so that fast moving UEs get lower a lower maximum timer than Tmax).
TUE  = factor * time_since_last_area_border_crossing.

· Timer = Random ( min(Tmin, TUE), min(Tmax, TUE) )

Other Considerations
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Proposal

---------------------------- Start of Change to 23.880 v0.1.0 -----------------------

6a
Improvement to Multiple Registration Areas Alternatives

6a.1
General

Alternatives 1 and 2 have three important drawbacks:

· The signaling load by registration updates at area borders can only be reduced by a small factor. Factor 2 in a common case, slightly better values only by more complex grouping (longer lists of areas and high complexity if all borders have to get signaling load reduction)
· Most registration updates are executed on the cells at area borders.
· The network must distribute UEs in different groups in a pseudo-random way.

These drawbacks can be avoided by introducing the concept of a “center” of the list of registration areas, and the “border” of the registration area. The UE is reachable by the core network in all the areas in the list, but it is only required to issue the registration area at any time while in a border area.
This improvement also provides a mechanism to alleviate the problem of increased paging load of alternative 2.

6a.2
Key Principles

The UE gets a list of registration areas at attach or registration area update and differentiates between center areas and border areas.

· In its simplest form, the area where the attach or area update took place is the center area, any other area in the list is a border area

· In a more complex form, the UE gets a list of tagged areas, allowing for a set of center areas similar to the concept of list of TAs used by EPS to avoid the ping-pong effect

For the Core Network, the UE is reachable in any of the areas in the list. The UE is paged in all those areas. Two alternatives:

· The first page is issued only in center areas. If no response, a second page is sent in center & border areas. Advantage: less paging load. Disadvantage: possible paging delay

· The first page is issued to all areas. Disadvantage: high paging load

While in a “central area” the UE in idle-mode only sends periodic area updates.

While in a “border area” the UE has a random timer set to issue an area update (spread over minutes). Note that this also allows distributing the registration area updates among different cells, including those in the center of the area.

When the UE issues the registration area update, it gets a new list, centered on the current area.

Only if the UE enters in a registration area out of its list, shall it send a registration area update immediately (as in the case without RED).
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Figure 6a.2: List of RAs after NAS procedure in RA 22

6a.3
Considerations about the Random Timer

One key part of the implementation of this improvement is the time that a UE moving from a center area to a border area shall wait before issuing a registration area update.

Although advantages are achieved even by a very primitive implementation of this timer, as long as it is somehow random, it is recommended to use upper and lower bounds for this timer, and to use a uniform distribution.

Recommendations:

· “Tmin and Tmax can be sent by the CN with the list of areas

· The UE should not issue an area updated before Tmin after entering the border area (to avoid overlap with legacy UEs)

· The UE should not wait longer than Tmax(recommended about 5 to 10 min, but dependent on area size)

· The UE should use as input the time before its previous area border crossing (so that fast moving UEs get lower a lower maximum timer than Tmax).
TUE  = factor * time_since_last_area_border_crossing.

· Timer = Random ( min(Tmin, TUE), min(Tmax, TUE) )

6a.4
Further Considerations

Although the most simple example of list of registration areas, is that of one center area, and all its neighbours as border areas, it must be noted that this improvement allows much more flexibility.

Several center areas can be configured to avoid the ping-pong effect on area borders, in a similar way as lists of TAs are used by EPS.

Wider sets of border areas, i.e. border areas neighbouring with other border areas and no center area, can be used when the registration areas are small and there are high speed mass transport vehicles crossing them.

Center areas with neighbour registration areas not part of the list might also be configured in order to reduce the paging load in cases where there is little registration area update signaling caused by some area borders.
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Figure 6a.4: Example of complex list of registration areas

---------------------------- End of Changes -----------------------------------
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