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Abstract of the contribution:

This contribution proposes to flatten the signalling loads in LA or RA border by configuration that allows sufficient overlap between registration areas. 
1. Introduction
RED (REgistration in Densely populated areas) seeks a solution to reduce registration area peak loads that are generated for example when crowded trains pass an LA or RA border and many UEs initiate update procedures. This may cause overload or even access channel blocking in the cells that are at the registration area borders.
Solution proposals 1 and 2 introduce a new registration area layer for 2G and 3G. Proposal 1 introduces a subdivision of existing registration areas (into eXtra Areas XA). Proposal 2 introduces a new layer of registration areas with area borders that are independent from existing registration areas. Both solutions use the confirmation of multiple new registration areas to the UE to subdivide the overall UE population and subdividing thereby the peak update load into a few reduced peak update loads.
Solution proposal 3 suggests a random wait time for the existing RAU/LAU to flatten the peak update load over time. 
2. Some evaluation

Proposal 1 and 2 divide the peak update load into a few update peaks. Assuming a linear train track with consecutive registration areas and say a maximum of four registered areas per UE the population may be split into four UE groups for the update traffic. The peak update load may be reduced to a quarter if the UEs are equally distributed to the groups. Reaching an equal distribution is however not trivial. Without equal distribution it becomes uncertain how much the peak load is reduced compared the current situation.
Furthermore, also a quarter of the peak load may be still too much traffic for a cell if no other actions are taken to flatten the update peak load.
Proposal 3 introduces suggest a random wait time for an update of a UE. The approach implies the risk that the UE is not reachable during the wait time.

3. Solution Proposal 4
This proposal also aims at flattening the peak update load and may also imply a subdivision into groups.

As a first solution step the time that allows UEs to select a new registration area and also the decisions to select a new registration area need to be stretched over a sufficient period of time. This may be reached by sufficient overlap between the registration area and configuration of only slight selection preferences for the new registration area. Thereby the decision is not immediate taken with crossing the area border. In addition a selection of the old registration area has to be avoided by appropriate selection criteria to avoid ping pong effects.
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Figure1: principle of prolonged unidirectional re-selection

As it can be derived from the figure this mechanism is depending on the direction of the movement. This means also that the registration area change can be allocated to different areas for the two directions of movement. This avoids that there is an encounter of two trains with many UEs at the area boundary, which would dramatically worsen the peak load.
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Figure2: both directions of the prolonged unidirectional re-selection
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Figure3: shows the mechanism for one direction only for better visibility

The UEs in the moving train will preferably select from cell1 to cell2 due to cell1’s broadcast parameters. Cell2 and cell4 have sufficient overlap. The selection criteria indicated by cell2 are set in a way that selection of cell4 does not immediately happen as staying in cell2 and quality of cell4 have similar selection probability. Cell4 indicates parameters that avoid selecting back to cell2.
4. Advantages of Solution 4
· network configuration only, applicable to existing 2G/3G UEs

· tuning independent of UE stored parameters (as for the multiple registration areas) by modifying the reselection criteria

· spreads the Registration Area changes and updates over a certain period in time 

· allocates the update traffic to different places/cells for the different movement directions

5. Proposal
It is proposed to add solution 4 descriptions into TR 23.880

******************************start modification************************

6.x  
Overlapping Registration Areas  solution- Alternative X
6.x.1 
General

The time that allows UEs to select a new registration area and also the decisions to select a new registration area need to be stretched over a sufficient period of time. This may be reached by sufficient overlap between the registration area and configuration of the selection preferences for the new registration area. 
The measurements by the different UEs always slightly differ as there will be different occasions in time when an individual UE detects that the criteria for cell change is fulfilled. The offset values for cell reselection are the same for all UEs, but the measurements differ because of fading, body loss etc...

Thereby UE decisions change the cell and register to new area is not immediate taken with crossing the area border. In addition a selection of the old registration area has to be avoided by appropriate selection criteria to avoid ping pong effects.
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Figure 6.x-1: Principle of prolonged unidirectional re-selection

This mechanism is depending on the direction of the movement. This means also that the registration area change can be allocated to different areas for the two directions of movement. This avoids that there is an encounter of two trains with many UEs at the area boundary, which would dramatically worsen the peak load.


[image: image5.emf] 

                      RA2 Cell 4  

R A1  Cell1   R A1  Cell2  

                      RA 2 Cell3  

Only the neighbor cell  selections are indicated  that are on system  broadcast  

UE  population  


Figure 6.x-2: Both directions of the prolonged unidirectional re-selection
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Figure 6.x-3: Shows the mechanism for one direction only for better visibility

The UEs in the moving train will preferably select from cell1 to cell2 due to cell1’s broadcast parameters. Cell2 and cell4 have sufficient overlap. The selection criteria indicated by cell2 are set in a way that selection of cell4 does not immediately happen as staying in cell2 and quality of cell4 have similar selection probability. Cell4 indicates parameters that avoid selecting back to cell2.
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