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1 Introduction

The location of the Initiation (trigger) of Paging of LTE_IDLE UEs within tracking area function is still to be decided.
This paper tries to shed more light on possible implications certain architectural proposal might have and compares those proposals.
what do we know today ?

-
paging is performed in all cells of the Tracking Area the LTE_IDLE UE is registered

what are the open questions ?

Q1
where does the entity/do the entities reside that has/have (topology) knowledge about mapping tracking area <-> cells ? For short, this entity is called Tracking Area Topology Database (TADB)
Q2
where does the entity reside that terminates the DL data path for LTE_IDLE UEs and triggers/initiates paging ?

Q3
related open questions w.r.t. the location of other yet to be decided functions:

Q3.1
where does the function reside that stores UE’s location (Tracking Area) in LTE_IDLE

Q3.2
where does the function reside that accepts/denies UE’s location in LTE_IDLE

Q3.3
where does the function reside that stores locally subscriber information about location restrictions ?

Q4
w.r.t. tracking area <-> LTE/SAE nodes relations

-
a Tracking Area may consist of cells which physical resources are provided by more than one eNodeB
Definitions:
User Plane Entity (UPE): terminates for idle state UEs the downlink data path and triggers/initiates paging when downlink data arrive for the UE
Assumptions:
-
SAE combines network attach and establishment of basic IP bearer (always on); in idle state all data transfer resources between UE and network are released and only information for basic IP bearer is stored in the network

-
In an SAE system a UE’s/users attach-, mobility-, security- and IP_ bearer-status is kept by a single MME (Mobility Management entity)
Note: - currently it is FFS whether this MME is in RAN or CN; 


- in 2G/3G MME is the SGSN;

-
It is assumed that a TA may contain cells which physical resources are provided by more than one eNodeB. This assumption is regarded valid as SAE/LTE systems should still intend to provide architectural means to optimise the area update signalling (and the related possible context transfers) versus paging effort.

2 Discussion
2.Q1
Location of TADB
It is assumed that according to the proposals seen so far 2 classes of possibilities exist:

2.Q1.1 TADB in eNodeB

If the TADB is situated within the eNodeB it is either replicated in all eNodeBs of a Tracking Area or it is implemented in a single eNodeB. Both possibilities seem to require additional effort. 

If a single eNodeB within a TA serves as a page-distributor, this would mean that in many cases the eNodeB that receives a paging request (or DL data) from an upper node needs to contact first the “page-distributing” eNodeB before paging actually happens.

If each eNodeB within a TA contains the TADB function, would mean that this eNodeB needs to distribute paging requests among all eNodeBs in a TA.

Both options are not deemed to efficient, as the “page-distributing” entity is in no case on the optimum place from a topology point of view.

Further, inter-eNodeB signalling relations need to be established for paging reasons.

Further it is assumed that the market rather strives for quite cheap access equipment. However, architectures where the TADB is implemented on the eNodeB level will require high eNodeB reliability as the architecture shows quite a vulnerability w.r.t. eNodeB failures. 

2.Q1.2 TADB not in eNodeB
For this architectural option two possibilities exist:
Either the TADB is located in the CN, which represents a valid and feasible possibility, however it would require RAN topology knowledge to be established in CN.

Or the TADB is located in the RAN, which would mean that another (central c-plane node) needs to be defined. On the other hand this node may provide the necessary abstraction level in order to avoid RAN related information handling in CN.

From an overall perspective the second possibility is preferred by Siemens, as many other functions related to cell-topology knowledge are regarded to have their optimal location on a central place in the RAN. 
Having cell-topology knowledge handled in one place only would reduce database redundancy and avoid effort for keeping consistency between distributed databases.
2.Q2
where does the entity reside that terminates the DL data path for LTE_IDLE UEs and triggers/initiates paging ?

2.Q2.1
UPE in eNodeB

This possibility would require to handle LTE_IDLE mobility in eNodeB as the DL datapath needs to be terminated in the eNodeB (by definition) and therefore needs to be updated at every area change.
2.Q2.2
UPE not in eNodeB

Assuming a 2 stage UP architecture this possibility would directly lead to the location of the UPE in the CN node.

The location of the UPE would ideally also determine the location of the storage of the UEs location (tracking area) as this information is needed to spread the paging request over all cells within a  TA.
3  Proposal

It is proposed to agree on the following items

-
In an SAE system a single entity terminates for UEs in LTE_IDLE the downlink data path and triggers/initiates paging when downlink data arrive for the UE - User Plane Entity (UPE).

-
In an SAE system a single entity holds the mapping between cells and Tracking Area – Tracking Area Topology Database (TADB) which is located in the RAN. This entity is responsible for spreading the page to all cells within a Tracking Area.

-
In an SAE system a UE’s/users attach-, mobility-, security- and IP_ bearer-status is kept by a single MME (Mobility Management entity) which is placed in the CN.

-
MME and UPE are functionally grouped together in the same CN node which provides the interface towards the RAN.


Note: this agreement would correspond to place the function “Store UE’s location (tracking area) in LTE_IDLE” in the CN.
-
It is proposed to split the function “Initiation (trigger) of Paging of LTE_IDLE UEs within tracking area” into “UPE” and “TADB” and to agree on their respective locations in CN (UPE) and RAN (TADB).

-
A Tracking Area may consist of cells which physical resources are provided by more than one eNodeB.
Further it is proposed to liaise with SA2 on the outcome of the paging discussion and to suggest to capture the agreements (partially) in TR 23.882.
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