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Abstract of the contribution:
This contribution discusses the problem (MME/)UPE relocation in case of overlapping pool areas and proposes a solution that minimizes the cases of forced relocations for UEs in LTE_ACTIVE mode. The proposal is based on the concept Idle Mode Pool Areas per (MME/)UPE Pool Area. 

1. Introduction
In accompanying contributions, namely S2-070306 “Support of multiple (MME/)UPE Pools” and S2-070307 “Support of overlapping Pool Areas”, NEC argued why there are clear benefits for the concepts of multiple and overlapping (MME/)UPE Pool Areas in SAE.

This contribution analyses the problem of (MME/)UPE relocation in case of overlapping pool areas.

Note that this contribution still refers to the Pool Areas as (MME/)UPE Pools Areas as the split of MME/UPE has not yet been agreed in SA2. However, the discussion herein is completely orthogonal to the discussion of MME/UPE split – the discussion here solely focuses on a solution to trigger (MME/)UPE relocation in an optimal fashion. 

2. Discussion 

2.1 When to relocate (MME/)UPE?

Since (MME/)UPE relocation for UEs in LTE_ACTIVE mode should be avoided by all means (to avoid unnecessary service disruption), relocation should only occur when the UE really moves outside the Pool Area of the serving (MME/)UPE.

Principle 1: 
Active mode (MME/)UPE relocation should be avoided as much as possible – to avoid unnecessary service disruption
However, when to relocate (MME/)UPEs for UEs in LTE_IDLE mode is not obvious. Even in this case, it is desirable to relocate the UPE only when there is sufficient gain to avoid unnecessary signalling load in the network. For example, UPE relocation after every TA update is not desirable and may also lead to unexpected oscillation effects.

Principle 2: 
Idle mode (MME/)UPE relocation should not be done too early – to avoid unnecessary signalling

On the other hand, avoiding UPE relocation in LTE_IDLE mode until the administrative bounds are reached is also not ideal, as an earlier UPE relocation (while a UE is still in LTE_IDLE mode) may help to avoid a later relocation when the UE is in LTE_ACTIVE mode. Moreover, idle mode UPE relocation can also be desirable in case a UE moves a significant distance from the serving UPE as another UPE might be able to serve the UE later in a more efficient way (e.g. because of route optimisation).

Principle 3: 
Idle mode (MME/)UPE relocation should not be done too late, as this could lead to an active mode relocation when the pool area boarder is reached

The following figure illustrates this discussion by means of a real scenario.
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As a consequence, it is desirable to also provide a mechanism that allows flexible configuration when (MME/)UPE relocation for UEs in LTE_IDLE mode should be considered. 
2.2 How to trigger (MME/)UPE relocation?

As a solution for this, this contribution proposes to introduce the concept of “Idle Mode Pool Areas” for each Pool Area. The Idle Mode Pool Area of a pool defines the area within which the MME/UPE shall service a UE in LTE_IDLE mode. When the UE leaves the idle mode pool area of the serving pool while in LTE_IDLE mode, MME and/or UPE relocation is triggered. That is, when an idle UE will move beyond the Idle Mode Pool Area of the current pool area, a new serving (MME/)UPE of another pool will be selected.

The following figure illustrates the concepts and shows how this can be applied to trigger (MME/UPE)relocation for UEs in LTE_IDLE mode.
[image: image2.emf](MME/)UPE Pool (MME/)UPE Pool How to trigger

(MME/)UPE 

relocation?

Define “Idle Mode Pool 

Area” for each Pool 

Area

When UE leaves the Idle Mode Pool Area while in LTE_IDLE 

mode, (MME/)UPE relocation will be triggered 

As long as the UE is in LTE_ACTIVE mode, the serving 

(MME/)UPE will be maintained (up to the pool area border)  

(MME/)UPE Pool (MME/)UPE Pool How to trigger

(MME/)UPE 

relocation?

Define “Idle Mode Pool 

Area” for each Pool 

Area

When UE leaves the Idle Mode Pool Area while in LTE_IDLE 

mode, (MME/)UPE relocation will be triggered 

As long as the UE is in LTE_ACTIVE mode, the serving 

(MME/)UPE will be maintained (up to the pool area border)  


 
With this solution, (MME/)UPE relocation will be triggered at different points when the UE is moving – depending on the UE state (idle or active). For idle UEs, the relocation procedure will be activated when the UE leaves the Idle Mode Pool Area of the serving Pool. For active UEs, crossing this boundary has no impact. Only when moving to the border of the Pool Area, (MME/)UPE relocation will take place. Note that in case a UE crosses the Idle Mode Pool Area Boundary while it is in LTE_ACTIVE mode, but changes to LTE_IDLE afterwards, then the UE state change will trigger (MME/)UPE relocation at this point in time as the UE is no long inside the Idle Mode Pool Area.

3. Simulation Results 
To verify how effective the proposed scheme is to reduce the number of forced active mode relocations by UEs that reach the Pool Area border, we run a number of simulations. 

The results shown in the figures below are based on the following configurations:

· (MME/)UPE Pool Area of 100 km

· Idle Mode Service Area of 65 km 

· Distance between (MME/)UPE Pool Areas of 100 km

· Average Talk Time   of 300 sec

· Average Silence Time  of 2000 sec

The following figures compare the average number of handovers between a network using additionally the Idle Mode Pool Area and a traditional network. The users were moving around with different “walking lengths” and speeds to fit into different categories, like pedestrians or the “long drive” of ~200 km by train or car.
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The “Idle Mode HO” figure describes the number of handover that were carried out when the UE was in LTE_IDLE mode.
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The “Active Mode HO” figure describes the number of handover that were carried out when the UE was in LTE_ACTIVE mode.

The results clearly indicate that the proposed optimisation reduces the number of forced active mode (MME/)UPE relocations at least in the order of factor 10 compared to the non-optimised solution for the long drive, the “worst case” scenario. The number of additional IDLE mode relocations increases on the other hand only by 30% in this scenario.

For Scenario 1-4, the optimised solution even manages to completely avoid any active mode relocations, whereas in case of the non-optimised solution there is always some low, but constant probability of active mode relocation e.g. 13% for the common medium drive (~ 50km). Considering that it is likely that in those scenarios it will be often the same users that experience the active mode relocation, even a small probability can lead to very bad user experience.


4. Proposal

It is proposed to capture the following definitions and concepts in Section 3.1 of TS 23.401:

Beginning of First Change

Idle Mode Pool Area: Defines a sub-area of a MME and/or UPE Pool Area within which the MME/UPE shall service a UE in LTE_IDLE mode. The area is defined based on a set of cells or tracking areas. When the UE leaves the idle mode pool area of the serving pool while in LTE_IDLE mode, MME and/or UPE relocation is triggered.
End of First Change
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