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Abstract of the contribution:

This contribution discusses the problem of UPE relocation and proposes a solution that tries to minimize the need for UPE relocation for UEs in LTE_ACTIVE mode. The proposal is based on the concept of per UPE active and idle mode service areas, which allow the operator to flexibly configure the LTE area (i.e. the set of cells or tracking areas) within which the UPE shall service a UE. Per UPE service areas facilitate selection of a UPE that can service the UE for the longest time – and thus avoids UPE relocation for active UEs.

1. Introduction

The SAE core architecture defines the UPE functional entity for the handling of user plane processing (e.g., paging initiation, header compression, and encryption) towards the eNBs and vice versa. According to the current study, it is not clear yet whether the UPE functional entity will be hosted on a dedicated node or whether it will be co-located with the MME functional entity.

So far, the following agreements could be reached regarding the UPE: 

· The S1-flex interface allows eNBs to connect “flexibly” to any UPE as long the eNBs belongs to the administrative scope of the UPE
· A UE camped in LTE has only one UPE at any point in time
· UPE relocation typically takes place while UEs are in LTE_IDLE mode
· UPE relocation for UEs in LTE_ACTIVE mode must be supported (e.g. due to inter-PLMN), but should be avoided as much as possible to circumvent the need for a complex, high-performance relocation procedure

The following questions regarding UPE selection and relocation are still open:

· How to organise UPEs and their administrative scope in a scalable way (in a way that the administrative scope of the UPE can be smaller than the whole PLMN)

· How to reduce the number of UPE relocations (despite limiting the administrative scope of UPEs)?
This contribution discusses possible solutions for these questions.

2.  Discussion 

2.1 
How to organise UPEs and their administrative scope in a scalable way?

One way to relax the strong requirements that UPEs have to be able to service all eNBs in the PLMN is to introduce so called Service Areas, which refine the scope of the S1-flex interface to a set of UPEs that are responsible to service the eNBs covering a LTE area/region. Such Service Areas are also called Pool Areas, as the set of UPEs servicing the area form a pool of UPEs from which eNBs can choose.


[image: image1]
Figure 1. Conventional UPE service or pool areas – with fix/hard UPE relocation boarders at service or pool area boundaries
As illustrated in Figure 1 the problem of UPE relocation arises when UEs move across Service Areas – i.e., when the UE hands off to an eNB that is outside the administrative scope of the current serving UPE, relocation to one of the UPEs of the target Service Area is required.

While the concept of Service Areas is quite nice to limit the administrative scope of UPEs and also provides a means to optimize the routing (as a UPE closer to the user’s actual location can be selected), the use of fixed area boundaries can constitutes a serious problem. For example, users that cross the service area boundary frequently (e.g., because of their living space) will experience UPE relocation every time they cross.

For LTE_IDLE mode UEs, the drawback is mainly that extra signaling load is introduced every time the UE crosses between Service Areas, which could also be avoided if the Service Area boundaries would not be rigid. However for LTE_ACTIVE mode UEs, the drawback is likely to be more severe as service degradation might be experienced during active communications. As such, frequent UPE relocation for UEs in LTE_ACTIVE mode should be avoided by all means.
To avoid the drawback of fix/hard Service or Pool Area boundaries this contribution proposes a scheme whereby every UPE can have a flexibly configurable service area, which is defined by a set of LTE cells or Tracking Areas. The service area of a UPE defines the LTE area (e.g. cells or TAs) that the UPE can serve. 

Figure 2 illustrates the concept of flexibly configurable service areas per UPE. The figure highlights that operators have full flexibility in the way they want to define/configure the service area of a UPE. Service areas can be as big as the whole PLMN, but could also be limited to a certain regional area (e.g., city, metropolitan area, state) or otherwise defined geographic area (e.g., along a train line or motorway). 

An important point is that UPE service areas are typically heavily overlapping so that individual TAs/cells are in most cases covered by several service areas, which allows the system to choose a UPE that is expected to be able to serve a given UE best (e.g., longest).
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Figure 2. Per UPE configurable service areas – to avoid the problem caused by fix/hard UPE relocation boarders as experienced at today’s pool area boundaries
The UPEs that are able to service a certain LTE cell/TA can be considered the “pool” of UPE that is available to handle the UEs while camped in that LTE cell/TA. This is illustrated in more details in Figure 3. For example, UE A can be served by UPE1, UPE2 or UPE3 while camped in the “Pool Area” 2, as it is located in the service areas of all three UPEs. However, since the UPE service area concept allows a single UPE to be part of many “pool areas”, the crossing of a “pool area” boarder does typically not require a UPE relocation, as the serving UPE (if chosen well) is likely be able to also serve the new “pool area”.
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Figure 3. Overlapping Service Areas (which is expected normal configuration) creates implicit “Pool Areas” at the intersection of service areas between neighbouring UPEs – the system can intelligently choose the “best” UPE for a UE (based on the expected movement).

2.2 
How to reduce the number of UPE relocations (despite limiting the administrative scope of UPEs)?
The problem of how to reduce the number of UPE relocations despite smaller administrative scopes per UPE can be further broken down into the following issues:

· How to select a suitable UPE at attach?

· When to relocate the UPE (both in idle and active mode)?

· How to re-select a new UPE in case of relocation?

How to select a suitable UPE at attach?

Considering that the mobility reach of UEs is most of the time limited to the relatively small geographic region within which the user lives and works, it is clear that a good selection of the initial UPE has a big impact. In case the initially chosen UPE is able to service the LTE area that cover a user’s normal living space, there is hardly ever a need to relocate the UPE.

Contribution S2-062662 proposed a scheme that considers taking into account the location and/or mobility history of the UE.


When to relocate the UPE (both in idle and active mode)?
Since 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 moves outside the administrative scope of its serving UPE. For example, the UE moves across PLMN boundaries.
However, when to relocate UPEs for UEs in LTE_IDLE mode is not obvious. Even in this case, it is desirable to relocate the UPE only from time to time (i.e. when there is sufficient gain) to avoid unnecessary signalling load in the network. For example, UPE relocation after every TA update is generally not desirable and may also lead to unexpected oscillation effects.
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).

As a consequence, it is desirable to also provide a mechanism that allows flexible configuration when UPE relocation for UEs in LTE_IDLE mode should be considered. As a solution for this, this contribution proposes to introduce the concept of Idle Mode Service Area boundaries for UPEs, which defines when UPE relocation should be considered for UEs in LTE_IDLE mode. I.e. when an idle UE will move beyond the Idle Mode Service Area of the serving UPE, the UPE that serves the UE will be reselected.

Figure 4 illustrates the concepts of active mode and idle mode service area boundaries in more details. 
[image: image4.emf]UPE

UPE

UPE

UPE

UPE

UPE

UPE

Active Mode 

Service Area 

Boundary

UPE

UPE

UPE

UPE

UPE

UPE

3GA/

UPE/MME

Idle Mode 

Service Area 

Boundary

When a active UE makes a TA update (with 

the Source MME), for a TA that is outside 

of the Idle Mode Service Area Boundary, 

MME triggers UPE relocation

When an idle UE 

hands off to a 

eNB that belongs 

to a TA, which is 

outside of the 

Active Mode 

Service Area 

Boundary, MME 

triggers UPE 

relocation

When UE attaches, 

the eNB selects the 

best initial UPE

UPE


Figure 4. Per-UPE Idle and Active Mode Service Areas allow relocation at different points when moving away from the serving UPE (depending on the UE state: idle or active) – this can also help avoiding the need for active mode UPE relocation (as an earlier idle mode relocation can avoid the need for a later active mode relocations)

Depending on the UE state (idle or active), UPE relocation will be triggered at different points when the UE is moving. For idle UEs, the relocation procedure will be activated when the UE leaves the Idle Mode Service Area of the serving UPE. For active UEs, crossing this boundary has no impact. Only when moving beyond the Active Mode Service Area Boundary, UPE relocation will take place. Note that in case a UE crosses the Idle Mode Service Area Boundary while it is in LTE_ACTIVE mode, but changes to LTE_IDLE afterwards, then the UE state change will trigger the UPE relocation (since the UE is no long inside the Idle Mode Service Area).
Operators have the advantage to flexibly control when UPE relocation should take place for active and idle mode UEs on a per UPE basis.


How to re-select a new UPE in case of relocation?
The final question is how to re-select or choose a new serving UPE when the relocation procedure has been triggered by a moving UE. 

The proposal of this contribution is to allow for vendor specific algorithms, which consider, for example, the load of possible UPEs, mobility prediction of the UE and/or other knowledge such as history information of the UE that help selecting a good next serving UPE, which does not need to be changed again soon.

Such algorithms would use a map of the Idle and Active Mode Service Areas of the UPEs, and based on the mobility prediction of a UE (according to the direction, speed, and other information such as location history information of the UE or knowledge of events, routes, tracks, etc.), the algorithm could select the UPE whose idle and/or active mode service area is likely to cover the UE for the longest period (considering the UE state: active or idle mode). In case the selected UPE is highly loaded (above a certain threshold), the algorithm would choose the next UPE that is expected to be able to service the UE for the second longest time.
3. Conclusion
This contribution discusses the issue of UPE relocation. It identifies the problem of S1-flex without administrative scope (as UPE would have to be able to serve every eNB in the PLMN) and the limitations of fixed UPE service or pool areas (which perform sub-optimal for UEs moving regularly across the boundary). 

To address these problems/limitations, the contribution proposes a scheme whereby flexible service areas can be defined per UPE for both idle and active mode UEs. Depending on the UE mode, UPE relocation will be triggered at different times depending on the UE state (based on the operator configured idle or active mode service areas). Allowing UPE relocation at different points when moving away from the serving UPE can also help avoiding the need for active mode UPE relocations (e.g., earlier idle mode relocations can avoid later active mode relocations).

Finally, the contribution proposes to allow for vendor specific UPE re-selection algorithms that take the knowledge of the idle and active mode service areas as well as mobility prediction and/or other information of the UE into account when selecting a new serving UPE.

4. Proposal

It is proposed to capture the following definitions and concepts in Section 3.1 and Section 7.7.2 of TR 23.882:

Beginning of First Change

User Plane Entity (UPE): terminates for idle state UEs the downlink data path and triggers/initiates paging when downlink data arrive for the UE. It manages and stores UE contexts, e.g. parameters of the IP bearer service or network internal routing information. It performs replication of the user traffic in case of interception.

It is FFS whether Charging Information for inter-operator accounting is in UPE or in another functional block.
UPE Idle Mode Service Area: defines the service area within which the UPE shall service a UE in LTE_IDLE mode. The service area is defined based on a set of cells or tracking areas. When the UE leaves the idle mode service area of the current serving UPE while in LTE_IDLE mode, UPE relocation is triggered.

UPE Active Mode Service Area: defines the service area within which the UPE shall service a UE in LTE_ACTIVE mode. The service area is defined based on a set of cells or tracking areas. When the UE leaves the active mode service area of the current serving UPE, UPE relocation is triggered.

Idle State: is LTE_IDLE for SAE/LTE or PMM_IDLE for 2G/3G or URA_PCH, which is FFS

End of First Change

Beginning of Second Change

7.7.2
Solution for key issue Intra LTE-Access-System Mobility in Idle State

7.7.2.1
General

The SAE/LTE Access System has an MME (Mobility Management Entity, it is FFS whether it resides in RAN or CN). Furthermore, the SAE/LTE Access System has a UPE (User Plane Entity). The UE registers with the MME and the UPE.

The MME stores a UE context data like permanent and temporary user identities, mobility state, tracking area etc. The MME can store the UE context for long to allow for detach and reattach with temporary identity (user identity confidentiality). The SAE/LTE system consists of distributed MMEs utilising load sharing/redundancy mechanisms (e.g. similar to Iu-flex) enabling mobility of the UE within a certain geographical area without changing the MME. The SAE/LTE system supports inter-MME mobility.

The UPE stores UE context data like parameters of the default IP connectivity service and keeps network internal routing information.
The SAE/LTE Access System combines network attach and establishment of default IP connectivity capabilities (always on), i.e. all parameters required for an IP connectivity service with default QoS are allocated for the UE already at attach. In idle state all data transfer resources between UE and network are released and only information for default IP connectivity is stored in the network.

NOTE 1:
Issues w.r.t. IP address re-assignment for inter-MME/UPE mobility need to be clarified.

User identity confidentiality requires the UE to register with the network using a temporary identity. The temporary identity is resolved to a permanent identity by the old serving MME.

UPE relocation in LTE_IDLE mode is triggered when a UE leaves the Idle Mode Service Area (which defines the LTE area within which the UPE should service idle mode UEs) of the serving UPE. Upon exiting this area, a new serving UPE is selected from the list of UPEs that service the target cell. The selection of a new serving UPE shall also consider the load of the possible UPEs and the expected movements of the user based on, e.g., direction and speed of the user, roads or tracks information, knowledge of events, and also information of the past behaviour of the user.

After a new serving UPE has been selected, UPE relocation is triggered. The routing between UPE and the user-plane anchor is updated, unless the two are co-located. It is the precondition for being able to page the UE when downlink data arrive. And, the home register (e.g. HSS) is updated with registration of the UE at another MME/UPE. These functions are shown in the figure 7.7-1.

NOTE 2:
It is FFS whether inter MME mobility is done with a context transfer (relocation) or a re-attach based scheme.

NOTE 3:
The location of the user plane anchor for intra LTE-Access-System mobility is FFS.
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Figure 7.7-1: Intra LTE-Access-System mobility in LTE_IDLE

7.7.2.2
Mobility in LTE_IDLE State

The information flow below depicts the mobility in LTE_IDLE State with Tracking Area Registration (when under same MME).
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Figure 7.7-2: Area Registration

1)
UE sends Tracking Area Registration when the previous Tracking Area is no longer valid or periodical Tracking Area Update timer has expired. The Tracking Area Registration message contains UE's old temporary identity, and old Tracking area Identity.

Editor's note:
The exact list of information elements needed in this message is FFS.

2)
MME responds with Confirm Registration. Confirm Registration contains new Tracking Area Identity, and may also contain a new temporary identity for UE.

After the MME confirmed the TA registration, it checks whether the new TA is still within the Idle Mode Service Area of the serving UPE. If not, a new serving UPE is selected.

3) When a new serving UPE has been chosen, the MME triggers the UPE relocation procedure. Further details of the UPE relocation are FFS, as this depends on decision whether MME/UPEs are co-located or not. 
End of Second Change
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