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1
Introduction

The proposed SON use case provides an automated configuration of a newly introduced cell’s physical ID (L1 cell identifier).
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Figure 1: Deployment Illustration
The following use case shows how cell_B1 can be introduced in the network and attempt to determine a Phy_ID to use, when proper planning information is not available.
2
Discussion
2.1 Background
The physical cell identity, or L1 identity (Phy_ID in this document), is an essential configuration parameter of a radio cell, it corresponds to a unique combination of one orthogonal sequence and one pseudo-random sequence, and 504 unique Phy_IDs are supported –leading to unavoidable reuse of the Phy_ID in different cells (TS 36.211).
When a new eNodeB is brought into the field, a Phy_ID needs to be selected for each of its supported cells, avoiding collision with respective neighbouring cells (the use of identical Phy_ID by two cells results there where otherwise both would have coverage in interference conditions hindering the identification and use of any of them). Traditionally, the proper Phy_ID is derived from radio network planning and is part of the initial configuration of the node. The Phy_ID assignment shall fulfil following conditions,
· “collision-free”: the Phy_ID is unique in the area that the cell covers
· “confusion-free”: a cell shall not have neighbouring cells with identical Phy_ID
2.2 Mechanism outline

2.2.1 Outline

A cell newly brought into the network without proper Phy_ID setting will randomly select a Phy_ID from a pre-defined set of Phy_IDs, called in this paper t_Phy_ID (temporary Phy_ID), and starts operating with it for a limited amount of time that we refer in this paper as “configuration phase”. The eNBs in the network (or at least the area where the roll-out of the new cells takes place) are aware of the range of Phy_IDs to be used only as temporary Phy_IDs.
The eNB will make use of ANR in order to discover the neighbouring cells. As a result the eNB will collect information on:

· Phy_ID of a neighbouring cell

· When the Phy_ID is not known, upon ANR request, the related GCI (Global Cell identifier)
When a neighbouring eNB (that is, an eNB providing a neighbouring cell of the newly brought cell that uses a t_Phy_ID for its configuration phase) receives from a UE a t_Phy_ID reported, this is equivalent to the discovery of a new cell in its environment. By means of ANR request, the neighbouring cell receives the global cell identifier associated to the new cell.
The eNB then uses the global cell identifier to obtain the corresponding eNB address and establishes communication with it by means of X2 (X2 Setup is performed, and then a the neighbour relation is requested). Either the eNB itself or the neighbouring eNB establish X2 with each other, depending on where the neighbour has been discovered by means of ANR.
The eNB with the cell under configuration phase requests and obtains the list of neighbouring cells of its discovered neighbouring cells. The eNB is then able to randomly select a Phy_ID for the cell that is
· different of the Phy_ID of the discovered neighbouring cells (collision-free)

· different of the Phy_ID of the neighbours of the discovered neighbouring cells (confusion-free)
In this process, the eNB has also established the corresponding neighbour relations by using ANR. 
The eNB will then restart the cell with the selected Phy_ID. This is equivalent to deleting the cell with t_Phy_ID and starting another one with identical radio characteristics and new Phy_ID. The eNB 
· Indicates to its identified neighbours that the cell with t_Phy_ID is deleted, and the cell with Phy_ID is established with identical radio characteristics.

At least one timer is necessary for the eNB to know when to conclude the self-configuration phase for a newly brought cell. Timer(s) considerations are implementation specific.
In this process, the eNB bringing in the new cell may confront a potential confusion: This happens when the cell is for example established between two cells that do not know of each other and use an identical Phy_ID. In this context, the eNB shall trigger a reselection of Phy_ID at one of both neighbouring eNBs, for example, for the cell with the least number of neighbours.
This mechanism is also robust in the context of a mass deployment of eNBs, as long as the new cells use different t_Phy_IDs.  In the context of two neighbouring cells choosing the same t_Phy_ID during the self-configuration phase (t_Phy_ID selection collision), the mechanism results in a successful but sub-optimal self-configuration of the neighbour relations, and requires a self-optimization phase. Nevetherless, the probability of having 2 eNBs randomly selecting the same Phy_ID out of a given range two times in a row is very low, and can be further reduced by means of successive t_Phy_ID selection cycles.
The mechanism relies on collecting information by means of ANR from UEs in the network and thus presents a critical dependence on the timely discovery of the neighbours. Failing to identify neighbours may lead to the selection of a Phy_ID that collides with a direct (undiscovered) neighbour or creating a confusing situation in the correct cell identification associated to a Phy_ID.
2.2.3 Considerations on the set of Phy_IDs for self-configuration purposes

A possible approach to the definition of the predefined set is

· The default set or range of Phy_IDs reserved for this purpose is defined in the standards

· The range can be modified by O&M 
· The set or range of Phy_IDs for this purpose is either preconfigured in the eNB before installation, or else provided over O&M.
The advantage of a flexible range of Phy_IDs is that different regional areas of the network may be using different ranges. While the introduction of a single cell in an already established area needs a very small set of temporary Phy_IDs, for another area where several cells are introduced simultaneously a large range helps avoiding t_Phy_ID selection collision.
Note again that the knowledge of whether a Phy_ID is to be used only as t_Phy_IDs for self-configuration phases, or whether it is part of the set used by established cells, is network internal, and irrelevant for UEs. 

2.2.4 Addressing confusion-free Phy_ID assignment
In order to provide a confusion-free Phy_ID assignment, eNBs establish communication with the neighbours they discover and exchange the list of neighbouring cells of their respective neighbour cells. In this manner the eNB is able to select a Phy_ID that is not used by any neighbouring cell, nor by any neighbour of the neighbouring cell. A straight consequence of this strategy is that the distance between two cells reusing the same Phy_ID becomes even bigger when this is taken into account.
A consequence is that, in this process, an eNB could determine that one of its cells has two neighbours using the same Phy_ID. There are different ways to handle this situation, resulting in the selection of a new Phy_ID at one of both neighbouring eNBs, and may be selected by:
· Reporting to O&M the conflict and leaving up to O&M to select the cell that will be reconfigured,

· Requesting the eNB whose conflicting cell has the lower number of neighbours to select a newPhy_ID
The approach is also valid when an eNB determines that two cells under self-configuration phase are using the same t_Phy_ID. However, in this context it can be discussed that the change of Phy_ID from a used t_Phy_ID to another t_Phy_ID during the self-configuration phase does not need O&M involvement.
2.2.5 Related X2 signalling

Following procedures shall be taken into account on X2,

· Request & Response & Update of a neighbouring cell relation and providing

· List of neighbouring cells (Phy_ID, GCI) in the same frequency band
· Indication of Phy_ID re-selection

· Indication of previous Phy_ID (e.g. t_Phy_ID) and selected Phy_ID

2.2.6 Existing requirements on UEs
The proposed use case makes use of ANR and works with requirements captured in [R2-080181] and under agreement process there.
2.2.7 O&M Intermediation
While the proposed Use Case can be entirely accomplished between eNBs, nevertheless each step can be intermediated by O&M.
In particular and since the number of Phy_IDs is limited to 504, in theory it is always possible that the available range of Phy_IDs to be used for established cells is used up. For this reason, an Alarm of the type “No free Phy_ID available” on the O&M would need to be defined.

3
Conclusion and Proposal

It is proposed to capture the proposed Use Case in 36.300, and liaise SA5 on additional considerations.   Following proposals are subject to approval:
Proposal 1: A SON Use case “Cell Phy_ID  Automated Configuration” is to be specified in TS 36.300
Proposal 2: relevant X2 signalling as proposed in 2.2.5 is captured in 36.423

Handling requests for Phy_ID re-selection are left for discussion in RAN3.
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