3GPP TSG-SA WG2 #96
S2-130846
San Diego, USA, 8th - 12th April 2013
Source:
General Dynamics Broadband UK

Title:

Key issue and proposed solution: Prose Communication out of network coverage
Document for:
Discussion

Agenda Item:
7.4
Work Item / Release:
ProSe / Rel-12

Abstract of the contribution: This document introduces the key issue of Prose communications in the absence of network coverage and proposes an architectural solution.
1 Introduction

At SA#58 a WID [1] was approved in order to specify a Proximity-based Services feature.  This Proximity Services feature includes the functions of Discovery and Communication.  The uses cases described in [2] identify different scenarios for Proximity services.  One group of such cases, for public safety users, involves UE-to-UE communication in the absence of network coverage.

The contribution [3] to SA2#95 looked at the possible ProSe access scenarios and highlighted those possible in the absence of network coverage.  The paper then provided a first consideration of functions normally provided by the 3GPP network that will still be needed in some form or another in the peer-to-peer environment of ProSe.

This contribution considers further the (public safety) key issue of UE-to-UE communication in the absence of network coverage.

2 Discussion
2.1 Requirements for communication out of E-UTRAN coverage
The stage 1 service requirements for Proximity-based Services ([4] clause 7A) include the following statements:
Two public safety UEs whether they are in E-UTRAN coverage or not, shall be capable of establishing a secure direct connection and exchange user traffic on public safety spectrum, assuming they are in radio range, are authenticated and authorised.
... An operator shall be able to configure a Public Safety UE (e.g., in the USIM or ME) with the permission to establish data session(s), with one or more UEs, without the UE performing prior registration into the network.
Assuming UEs are in radio range, are authenticated and are authorised, a public safety UE on public safety spectrum in or out of E-UTRAN coverage shall be capable of establishing multiple one-to-one ProSe direct connections, and of exchanging user traffic with each UE concurrently across these multiple one-to-one ProSe connections.

A public safety UE in or out of E-UTRAN coverage shall be capable of transmitting data to a group of public safety UEs using ProSe Group Communications with a single transmission, assuming they are within transmission range, authenticated and authorised.
A ProSe-enabled public safety UE in or out of E-UTRAN coverage shall be capable of transmitting data to a group of ProSe-enabled public safety UEs directly using ProSe Group Communications.
A public safety UE in or out of E-UTRAN coverage shall be capable of receiving a ProSe Group Communications transmission, of which it is a group member, regardless of whether or not it has been discovered by the transmitting UE.

An authorised public safety UE in or out of E-UTRAN coverage shall be capable of sending a broadcast message to all authorised public safety UEs within transmission range, regardless of group membership, using ProSe Broadcast Communications in a single transmission.
An authorised public safety UE may be capable of acting as a relay in or out of E-UTRAN coverage for other public safety UEs.
It is clear from the above list of service requirements that a system architecture for Proximity-based Services needs to support direct communication between a cluster of public safety UEs when out of e-UTRAN coverage but within proximity of each other, in particular the architecture should facilitate:
· the exchange of user traffic between two UEs
· the transmission of data from a UE to a group of UEs "with a single transmission"
· the broadcast of data from a UE to all authorised public safety UEs that are in range and regardless of group membership

· a UE acting as a relay for user traffic exchanged between other public safety UEs

· a UE establishing multiple concurrent one-to-one communication sessions with two or more other UEs within the cluster.
2.2 Cluster Topologies
2.2.1 Background

Within the 3GPP standard Evolved Packet System (EPS) architecture the UE may be considered as fulfilling the slave role in a master/slave relationship (or even the client role in a client/server relationship), with the various 3GPP network and application layer entities fulfilling the master/server side of the relationship (Figure 1).
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Figure 1 : Essentials of standard 3GPP EPS/E-UTRAN architecture
By definition, within a cluster of UEs that are outside of E-UTRAN coverage no such obvious relationship(s) are apparent.  One key issue relates to the question of what relationship should exist between a cluster of communicating UEs outside of E-UTRAN coverage.  There are two obvious alternative topologies, shown in Figure 2.
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Figure 2 : Possible network topologies when out of E-UTRAN coverage

2.2.2 Mesh Topology

In the mesh topology any given UE may communicate with any other UE, either serially or concurrently and no particular UE assumes the role of master.  There is no central controlling entity either in the radio access stratum or in network/application layers. Control of radio spectrum access, synchronisation of transmissions and interference coordination would need to be investigated by the RAN WGs and may require different approaches to those currently used for UE( eNB communication where the eNB assumes the role of master. With a peer mesh relationship between all UEs in a cluster there would also need to be a distributed approach to application/call control. An application peer-peer relationship may be manageable where communication is limited to 1:1 calls. However, the complexities associated with a mesh (equal peers) topology will be amplified in the case of group call and/or broadcast scenarios. 
2.2.3 Star Topology

The alternative topology considered here is the star (Figure 2).  In the star topology one of the communicating participants temporarily assumes a master role within the cluster of communicating UEs.  One may assume that the master role could encompass the radio access stratum (i.e. the master UE could temporarily perform the essential functions of an eNB - this would need to be investigated by the RAN WGs). In addition to taking a master role in the access stratum the master UE could assume any residual 3GPP "core network" functionality and any necessary application layer functions (e.g. to manage call control).
With the star topology described above one UE in the cluster temporarily assumes the role of a master and all communication between members of the cluster passes through the master unit. This new category of UE we call a "NodeT" since it can functionally behave like a terminal, and have the physical form-factor of a terminal, but the unit is able, temporarily, to perform many of the functions of an eNB. A unit that is capable of performing the master functions of a NodeT, but is currently functioning as a UE, we call a U-NodeT. Whereas, a unit that is currently operating in the master role we call a B-NodeT.
When operating as a B-NodeT the NodeT could, conceivably, relinquish all Mobile Equipment (ME) functions and operate simply as a "portable eNB".  However, given that the unit will be carried in the field by a public safety officer, it is likely that such a unit would be much more acceptable to that officer, if the unit also performed the functions of an ME.  Therefore, we will assume that B-NodeT units will perform both master and slave roles with a virtual "radio link" connecting the two functional parts.
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4 Proposed Changes

It is proposed to capture the following changes in the draft TR 23.703.

* * * * Start of 1st Change * * * *
5
Key Issues

Editor’s Note: For each key issue identified, the clause will capture the “General description and assumptions” (sub-clause 1). Different architecture solutions to address the key issues will be documented in Clause 6.

5.X
Key Issue #X: Architecture for ProSe Communication out of E-UTRAN coverage
5.X.1
General description

It is clear from the defined ProSe service requirements that a system architecture for Proximity-based Services needs to support direct communication between a cluster of public safety UEs when out of e-UTRAN coverage but within proximity of each other, in particular the architecture should facilitate:

-
the exchange of user traffic between two UEs

-
the transmission of data from a UE to a group of UEs "with a single transmission"

-
the broadcast of data from a UE to all authorised public safety UEs that are in range and regardless of group membership

-
a UE acting as a relay for user traffic exchanged between other public safety UEs

-
a UE establishing multiple concurrent one-to-one communication sessions with two or more other UEs within the cluster.
* * * * Start of 2nd Change * * * *
6
Solutions
Editor’s Note: This clause is intended to document architecture solutions. Each solution should clearly describe which of the key issues it covers and how. 
6.X
Solution X: Star Topology for Prose Communication out of E-UTRAN coverage

6.X.1
Functional description

6.X.1.1
Applicability
This solution addresses the key issue "Architecture for ProSe Communication out of E-UTRAN coverage".
6.X.1.2
General description
This architectural solution proposes a star topology (Figure 6.X.1.2-1).  In the star topology one of the communicating participants temporarily assumes a master role within the cluster of communicating UEs.  One may assume that the master role could encompass the radio access stratum (i.e. the master UE could temporarily perform the essential functions of an eNB - this would need to be investigated by the RAN WGs). In addition to taking a master role in the access stratum the master UE could assume any residual 3GPP "core network" functionality and any necessary application layer functions (e.g. to manage call control).
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Figure 6.X.1.2-1 : Star topology architecture for ProSe communications out of E-UTRAN coverage
With the star topology described above one UE in the cluster temporarily assumes the role of a master and all communication between members of the cluster passes through the master unit. This new category of UE we call a "NodeT" since it can functionally behave like a terminal, and have the physical form-factor of a terminal, but the unit is able, temporarily, to perform many of the functions of a NodeB. A unit that is capable of performing the master functions of a NodeT, but is currently functioning as a UE, we call a U-NodeT. Whereas, a unit that is currently operating in the master role we call a B-NodeT. The interface between a U-NodeT and a B-NodeT, which we call the Up interface, will be substantially similar to the current Uu interface.
When operating as a B-NodeT the NodeT could, conceivably, relinquish all Mobile Equipment (ME) functions operate simply as a "portable eNB".  However, given that the unit will be carried in the field by a public safety officer, it is likely that such a unit would be much more acceptable to that officer, if the unit also performed the functions of an ME.  Therefore, we will assume that B-NodeT units will perform both master and slave roles with a virtual "radio link" connecting the two functional parts.

6.X.1.3
D2D communication scenarios

The proposed star topology would support a number of (out of E-UTRAN coverage) ProSe communication scenarios including:

(a)
A U-NodeT communicating with B-NodeT which is also acting as a UE;
(b)
A U-NodeT communicating with another U-NodeT through an intermediary (relay) B-NodeT;
(c)
A U-NodeT communicating with a group of U-NodeTs through an intermediary B-NodeT;
(d)
A U-NodeT broadcasting to all U-NodeTs within range of an intermediary B-NodeT.

These scenarios are illustrated in Figure 6.X.1.3-1 where the B-NodeT is highlighted in red and the communications initiator is highlighted in green.
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Figure 6.X.1.3-1 : Supported D2D communication scenarios
6.X.1.4
Higher layer functions

In the standard 3GPP architecture many higher layer functions are provided in a centralised core network (or via application servers connected to the CN).  Where not required to provide geographically distributed access opportunities, the centralisation of common functions controlling shared resources obviates the need for coordination and synchronisation between the separate entities in a distributed model. The use of a star topology for D2D communications has the benefit that the NodeT central entity in the network becomes a natural host entity for those residual higher layer functions (from the core network and application servers) that would still be required in order to support D2D communications.

Thus, for example, the B-NodeT could host those functions of an IMS network necessary to support SIP based communication for a cluster of UEs.  The B-NodeT could support SIP registrar and SIP proxy functions necessary to support SIP based call control between SIP clients in the U-NodeTs.
6.X.1.5
Bearer models
In the standard 3GPP EPS bearer model (Figure 6.X.1.5-1) the UE routes uplink packets to the different EPS bearers based on the uplink packet filters in the TFTs assigned to the EPS bearers in the PDN connection. 
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Figure 6.X.1.5-1: Standard 3GPP EPS Bearers Model (TS 23.401)
We assume that the nodes in a ProSe star topology form a local IP network and perform stateless address auto-configuration to acquire an IPv6 address. 

The bearer model for the communication between the initiating UE and any one other UE in scenarios (b)-(d) of Figure 6.X.1.3-1 is represented in Figure 6.X.1.5-2.  As far as each UE in the communication is concerned the RBs and associated UL-TFTs would look like the equivalents for standard E-UTRA.  The central NodeT would provide routing for direct u-plane bearers and would terminate c-plane bearers from the UEs.
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Figure 6.X.1.5-2 : D2D Bearers - Scenarios (b-d) - Communication mediated by B-NodeT
The bearer model (Figure 6.X.1.5-3) for scenario (a) in Figure 6.X.1.3-1 is simply a collapsed form of the generic case in Figure 6.X.1.5-2. The bearer connections between the NodeT and UE-B are internal and the radio bearers RB-(B)x are virtual.
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Figure 6.X.1.5-3 : D2D Bearers - Scenario (a) - 1:1 Communication between UE and B-NodeT
At the cost of extra protocol complexity in the NodeT, the B-NodeT could be specified to handle a sufficient sub-set of RRC and NAS such that any or all of the U-NodeTs, referred to in the above scenarios, could be a standard commercial Rel-12 UE supporting ProSe. 
6.X.2
Procedures

Editor’s Note: Describes the high-level operation, procedures and information flows for the solution.
6.X.3
Impact on existing entities and interfaces
The solution has no specification impact on existing EPC entities.

The solution proposes a new type of entity (NodeT) which combines the functionality of a UE with a subset of the functionality of an eNB and which may dynamically switch interface roles.
NodeT entities will communicate over a new interface which will be based upon the Uu interface. The solution proposes that Rel-12 UEs support the Up interface in order to provide inter-operability between UEs and NodeTs.
6.X.4
Solution evaluation

Editor’s Note: The fulfilment of requirements in section 4.2 needs will be evaluated. 
A star topology architecture solution includes the following benefits:

-
Provides a host entity to support client/server and proxy based application support matching the support provided by the EPC and IMS when in E-UTRAN coverage,
-
Inherently supports single hop ProSe UE-to-UE Relay,
-
Provides a central entity through which group and broadcast communication may be routed in a coordinated manner.
The star topology architecture solution offers the possibility that the radio interface could be based upon the current Uu interface (requires investigation by RAN WGs).
* * * * End of 2nd Change * * * *



































































































































































































































































































































































































































































































































































































































































































































































































































































