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1 Introduction
In the RAN2 #53 meeting, the concept of “plug-and-play” eNode B was discussed [1]. The aim is to minimise operational efforts for E-UTRAN system setup.

There seem to be two elements in the concept of “plug-and-play” eNode B.
· Discovery of other nodes 

· Self-configuration of operational parameters by an eNode B
In this document we discuss the first element “discovery of other node”, which will be the first step for an eNode B attached to the network for the first time. We try to provide a high level description of principles and protocols that we think would be needed to efficiently realize the discovery of nodes and session management in the network.
This document basically describes how eNode Bs can discover MME/UPEs once an eNode B is activated or following a failure of the MME/UPEs the eNode B was previously in communication with.. 

The discovery schemes can be divided in two major categories, which will be further detailed in the following:

· Group discovery

· The element that is starting the discovery process does not have specific information that can be used to connect to a server. This is useful to discover elements that belong to different layers in an architecture, where no predefined hierarchy is established, e.g. eNode Bs and MME/UPEs that are interconnected in a mesh topology.

· Targeted discovery

· The element that is starting the discovery process already has some information that can be used to connect to a server, where the information about other elements and how to connect to them can be stored.  This can be used by an eNode B to discover changes in its neighbour eNode Bs as detailed in [2]
2 Definitions
2.1 Grouping of eNode Bs and MME/UPEs – discovery group (pool area)
We define a logical grouping of eNode Bs and MME/UPEs, “discovery group”. A discovery group is defined as a set of elements that are configured to interact with each other. Each element participates in at least one discovery group for the following two purposes.

· To advertise its presence to other elements
This is used by other elements for the discovery of this element.
· To talk to other elements in the group.

This is used for session maintenance, e.g. to report the change of status of the element to other elements in the group.
2.2 Publisher and Subscriber
For our purposes, we assume that an MME/UPE can participate in a discovery group as a publisher or/and a subscriber, while an eNode B can participate in a discovery group only as a subscriber
A publisher announces its presence and capabilities to the subscribers in the discovery group. A subscriber listens to an announcement from a publisher.

In the currently assumed mesh connection among eNode Bs in LTE/SAE (X2), it is expected that one eNode B participate in at least one discovery group. The following figure shows an example for the grouping of eNode Bs and MME/UPEs.
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Figure-1: Example of grouping and publishers/subscribers in a LTE/SAE network
The approach here described can be used to setup and maintain pool areas, which are currently being defined in RAN3.
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Figure-2: Pool areas for S1 flex.

2.3 Assumptions on underlying transport

We assume that the protocol for discovery and session management runs over underlying IP transport. In particular we assume multicast IP transport as well as unicast transport.
IP multicast is used by an eNode B to send a message to all the nodes participating in a Discovery Group. Unicast is used when an eNode B wants to talk to a particular eNode B.
3 Group discovery protocol
In this section we propose a protocol that is used by eNode Bs to discover MME/UPEs and by MME/UPEs to discover other MME/UPEs in the same pool area.
3.1 Advertisement
A publisher in a discovery group announces its presence and capabilities to the subscribers in the discovery group with Advertise Message. Advertise message would include the following information for the publisher (eNode B).
· Unique identity of the publisher

· Unicast IP address of the of the publisher

· Capabilities of the publisher

· Etc.
A publisher sends Advertise message periodically and/or on demand using underlying IP multicast. “On demand” means that a publisher in a discovery group sends Advertise message if a subscriber post Solicit message (see below) to the discovery group.
A subscriber listens to Advertise message from a publisher.

3.2 Solicitation

A subscriber can send Solicit message to a discovery group in order to let publisher(s) in the discovery group send Advertise message. Solicit message contains unicast IP address of the subscriber so that publisher(s) can know where to send Advertise message.
3.3 Example scenario

In the following figure the eNode B-A is an eNode B attached to the network for the first time. The MME/UPE-B is participating in the discovery group C.
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Figure-3: Example of discovery procedure
Step 0)
The eNode B-A is attached to the network. The eNode B–A finds the IP multicast group address of the discovery group C.  (How an eNode B finds IP multicast group address, e.g. though O&M, is out of the scope of this document.)
Step 1)
The eNode B-A sends Solicit message to the discovery group C using IP multicast.
Step 2)
The MME/UPE-B receives the Solicit message and responds with Advertise message.

Step 3)
The eNode B-A receives the Advertisement message. The MME/UPE-B has been discovered by the  eNode B-A. The eNode B-A may initiate session establishment procedure.

In this example eNode B-A sends Solicit message rather than waiting for an Advertise message. It is possible that an eNode B wait for Advertisement message that is sent periodically.
4 Targeted discovery protocol
It may be possible that an eNode B obtains information about another node though a means provided by other protocol or O&M. The eNode B may want to establish session to the target node. In this case group discovery is not necessary and it would be faster for the eNode B to seek the target node or to advertise itself to the target node directly.
We call it the targeted discovery. The concept of Advertisement and Solicitation is essentially the same as the group discovery protocol. The main difference is that the target discovery protocol always uses IP unicast, one-to-one protocol. This means that the eNode B needs to have unicast address of the target node to initiate targeted discovery.
5 Conclusion
Group discovery
· Gives a node the ability of advertisement and solicitation in groups associated with multicast group IP addresses. It could be used by eNode Bs to discover MME/UPEs in the pool area
Targeted discovery

· Achieves faster discovery procedure when a node has adequate information to directly try on another node. It could be used by an eNode B to discover changes in its neighbour eNode Bs as detailed in [2]
Our initial analysis shows that existing discovery mechanisms (e.g. SLP, UPnP&SSDP…) are not suitable for our purposes since they have scalability issues (do not work with high number of nodes), or have been designed only for static domains. It is therefore proposed that 3GPP standardizes a discovery protocol for the plug-and-lay eNode B. RAN3 should also be involved in this effort.
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