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1
Introduction

SA2 provided information about properties of the pool areas in LS S2-070611/R3-070027 in which the possibility of overlapping pool areas is explicitly mentioned as well as the fact that pool areas shall be collections of complete Tracking Areas. This paper discusses consequences of these decisions in the light of the currently discussed Tracking Area concepts. 
Further, RAN2’s statements (discussions along the LS in R2-063683/R3-070021) are taken into consideration, it seems that several new aspects have to be taken into account. Special attention to the topic on “home base stations” is paid in R3-070271.

2
Discussion

2.1
Overlapping Pool Areas

The discussions on Tracking Areas very much focus on UE handling in LTE_IDLE and hence considerations may concentrate mainly on MME pool areas only. MME pool area relations to UPE pool areas are omitted in this paper with a clear conscience, however discussed in R3-070270.

Following the definition of pool areas given in the SA2 LS to consist of complete Tracking Areas, overlapping (MME) pool areas can be regarded as the means to allow to overcome with high signalling traffic at pool area boundaries, as the relevant Tracking Area Updates procedures would include the change of core nodes as well.

Allowing two (MME) pool areas to overlap each other creates an area which is served by two pools of core nodes. This area will have to follow the definition of pool areas in terms of consisting as well of complete Tracking Areas.

Having said this, it would be time to have a look on Tracking Area concepts currently under discussion:

2.2
Tracking Area Concepts

2.2.1
TA-list (equivalent TAs)

In this proposal, the UE receives a single TA in the system broadcast. The UE may be registered by the MME in more than one TA, whereas those TAs do not overlap each other. It is assumed that the assigned list of TAs corresponds to a geographical area with contiguous shape. The TAs in the list may belong to the overlapping and the non-overlapping part of a single pool area simultaneously. At TA Update, the UE includes the S-TMSI and one of the TAs stored from the previous TA Udpate. The eNodeB adds the current TA when forwarding the message to the MME. The MME responds with a list of TAs (may contain a single TA only) and a new S-TMSI (one S-TMSI assigned to be valid for all TAs the UE is registered).
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2.2.1-1. TA configuration in case of equivalent TA.

2.2.2
Overlapping TAs

This proposal works with a definition of Tracking Areas that may overlap each other. Looking at the definition of pool areas it becomes obvious, that in case of overlapping pool areas, the configuration of Tracking Areas need to observe an additional limitation: TAs, although allowed to overlap each other, need to respect the borders of the overlapping area as well (see Figure 2.2.2-1).

It seems that avoidance of signalling-load peaks at pool area borders can be only managed by assigning a list of TAs – which makes this concept questionable. This concept seems to play its advantages only in inner-regions of pool areas with some excellence. 

It is also evident that the overlapping TA concept is entirely contained within the TA-list concept, if one imagines that different clusters of TAs can be assigned to each UE according to their needs/mobility statistics/etc., achieving the same effect as with the overlapping TA.

The TA Update handling, in contrast to the TA-list approach, foresees that the UE will have to be able to read multiple TAs in the system broadcast and will be registered in a single TA only. 
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Figure 2.2.2-1. Overlapping pool areas and TA configuration

2.2.3
combination of both concepts

There have been discussions – see LS from RAN2 in R2-063683/R3-070021 – to combine both proposals in defining layers of Tracking Areas to cope with moving UEs. 

These aspects of combining are understood in a sense that each TA a cell is member of corresponds to a different layer, each layer consisting of non-overlapping TAs, so overlapping of TAs occurs only between layers and not within a layer. In this way the area a UE is registered could take into account the expected time this UE would spend in this area (e.g. by evaluating the UEs speed and movement). The principle is depicted in Figure 2.2.3-1.

The UE has to be able to read more than one TA from the system broadcast. Registration to more than one TA may depend on the TA-layer.

The goal to reduce the TA-Update frequency and to optimise the corresponding signalling could be reached at the same time - on the cost of broadcast resources. On Pool area borders the same problem occurs than in the overlapping TA concept.
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Figure 2.2.3-1. Combined Approach.

Generally speaking, it is not evident why a combined approach is superior to the TA-list concept, where TA layers, as shown in Figure 2.2.3-1, can be emulated by assigning different lists of TAs – different TA layers are configured by appropriate UE individual TA assignment.

2.3
Special Applications of Tracking Area Concepts

2.3.1
Optimum Support of different Mobility Profiles

Optimisation strategies in terms of registering users to the proper Tracking Area(s) in order overcome with (local and temporal) signalling load peaks have to deal with the likelihood to be able to predict mobility behaviour. Respecting this, one can distinguish between 2 different mobility behaviours:

predictable and non-predictable mobility.

Mobility may be predictable to a sufficient level without the necessity to evaluate a single user and keep individual statistics. If e.g., 75% of users, coming from motorway A, take exit B, it might be sufficient to allocate and configure TA(s) appropriately in order to avoid signalling peaks at rush hour in a certain region. If such operator(operation)-friendly statistics are not available different strategies (e.g. based on UE individual statistics or “live”-measurements) have to be considered.

Unpredictable mobility might happen more often in weekend and vacation times (but even then ...) or for the percentage of individualists that need to be everywhere all-time, but even this may be dealt with sufficient statistical material. All in all, unpredictable mobility has to be known from an overall amount figure and represents an indicator for a kind of safety margin for node-dimensioning.

( All approaches allow optimisation for predictable mobility profiles in some way, however, it seems that the most general approach with TA-list assignment, covers most of the cases, whereas the combined approach would need to go with the broadcast of multiple TAs + assignment of a TA-list, which doesn’t follow the major desires to reach an optimum point.

2.3.2
Support of Network Sharing

RAN2 explicitly asked to have a look on network sharing scenarios. Stage 2 [36.300] defines radio access network sharing to be the method to be used for SAE/LTE. Network sharing would require co-operation between operators when planning TAs and pool areas. In order to support a more general approach, where TA and pool area definition is flexible towards the configuration of non-shared and shared parts of the radio access network, it should be requested to allow the border between non-shared and shared parts of the RAN being arbitrarily chosen, and e.g. not being restricted by pool area configurations, but only by TA configurations.
When looking at Figure 2.3.3-1, one can see, that if borders between non-shared and shared parts of the RAN happen to be within a pool area, concepts are required to allow reduction of mobility signalling at this kind of border as well. This can be accomplished by the discussed methods, either overlapping “big” TAs spanning across the shared/non-shared border, or via TA lists, whereas UEs need to be registered in multiple TAs.

It seems again, that the TA-list concept represents the more general and more flexible approach.

It is expected, that in the shared area, the TA-Code is broadcasted only once, the TA-Code should be valid within all the PLMNs sharing the access network resources in the pool-area, so only a list of PLMNs need to be broadcasted (which is anyhow needed in shared networks).
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Figure 2.3.3-1. TA concepts and shared networks.

Note: 
Description of Figure 2.3.3-1: Whereas (on the right hand side) 2ABTA2 (pool 2, shared by both operators) and 2ATA3/2BTA3 respect the borders of both, the pool area overlapping and the shared/non-shared area, there would be 2 overlapping TA definitions necessary on the left hand side, even for the shared area.

3
Proposal

It is proposed to discuss this paper.

It is further proposed to 

-
finally decide in favour of the TA-list/equivalent TA approach

-
to update stage 2 (TS 36.300) accordingly and to liaise to the affected groups (CT1, RAN2, SA2).
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