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Abstract of the contribution: This document proposes an architecture for the Group Communication System Enablers for LTE (GCSE_LTE) feature.
1 Introduction

At SA#59 an updated WID [1] was approved in order to begin the investigation of  a system architecture to address the service requirements defined by SA1 for the Group Communication System Enablers for LTE (GCSE_LTE) feature.  The draft service requirements for the GCSE_LTE feature are contained in [2].
The SA2 objectives of the WID are as follows:

1. As part of the TR phase
a. Define the architectural requirements (based on the Stage 1 normative requirements) in order to scope/guide the work in SA2;
b. Develop GCSE_LTE solutions based on objective a); and
c. Determine which solution(s) from the TR phase to document in normative specifications 
2. Specify selected Stage 2 (architecture) solutions in relevant specifications

This contribution addresses 1a and 1b of the stated SA2 objectives.

2 Service Requirements
This contribution specifically addresses the following service requirements [2]:

Group Communication System Enabler shall support various media such as voice, video or data (e.g. messaging or supplementary data like maps) in any combination.

The EPS shall be able to uniquely identify a group.

The EPS shall provide a mechanism to send a Group Communication to all group members within that EPS.

Only UEs that are members of the GCSE Group shall be able to transmit to or receive from that GCSE Group via Group Communication.

The system EPS shall provide support for authorized UEs to be able to dynamically participate in communications within different groups as and when needed by the user.

The EPS shall provide the means for the application to setup, release, and modify a multipoint service with a preferred QoS.

The EPS shall provide a mechanism to support a Group Communication end to end setup time less than or equal to 300ms. 
The time from when a UE requests to join a Group Communication to the time that it receives the Group Communication should be less than or equal to 300ms.
When UEs are moving among cells during group communication, service continuity shall be supported.
The EPS shall provide a mechanism to efficiently distribute data for Group Communication (i.e. radio resource efficiency).
The EPS shall provide a mechanism to setup, release and modify a multipoint service within a defined geographic area.
3 Proposed Architectural Solution

3.1 Summary
The proposed architecture for Group Communications (GC) is modelled upon that defined for the MBMS Multicast Mode of operation [3].  Both MBMS and GCSE_LTE are required to provide downlink point-to-multipoint (p-t-m) services. The proposed high-level model shown in this paper describes new entities and interfaces separate from those defined for MBMS. However, this does not preclude a subsequent merging of logical entities and/or interfaces if the detailed functionality required for GCSE turns out to be insufficiently distinct from that already defined for MBMS.
3.2 Architecture Description

GCSE_LTE is required to provide a point-to-multipoint service in which data is transmitted from a single source entity to multiple recipients. Transmitting the same data to multiple recipients allows network resources to be shared.

The GCSE_LTE bearer service will offer a single mode, namely Multicast (i.e. no Broadcast mode as in MBMS)

The GCSE_LTE architecture will enable the efficient usage of radio-network and core-network resources, with an emphasis on radio interface efficiency (to be studied by RAN in due course).

GCSE_LTE will be realised by the addition of a number of new capabilities to existing functional entities of the 3GPP architecture (E-UTRAN and EPC only) and by addition of a number of new functional entities.

The existing EPS functional entities (MME, E-UTRAN and UE) will be enhanced to provide the Group Communications  Bearer Service. In the EPS a functional entity Group Communications Gateway (GC-GW) will be defined at the edge between the CN / E-UTRAN and the Group Communications Service Centre (GC-SC).

In the bearer plane, the GC Bearer Service provides delivery of IP Multicast datagrams, from the SGi-gc reference point to UEs, with a specified Quality of Service.

In the control plane, the GC Bearer Service provides mechanisms for:

· control of bearer services at preparation/modification/release by the GC User Service and for the management of bearer resources for the distribution of Group Communication data.

· managing the activation by UEs of the GC bearer service;

· enabling authorisation decisions to be made by the GC User Service (i.e. the GC-SC);
· managing bearer resource changes associated with UE mobility.
Within an EPS there will be a one-to-one mapping between a Group Communications User Service and a Group Communications Group. A particular instance of the GC Bearer Service is identified by an IP Multicast Address and an APN Network Identifier. A TMGI, or similar, could be used to identify a Group Communications Bearer Service inside a PLMN.

The boundary of the Group Communications Bearer Service is the SGgc and SGi-gc reference points as shown in Figure 1. The former provides access to the control plane functions and the latter the bearer plane.
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Figure 1 : Reference Architecture
A logical entity, the Group Communications Service Centre (GC-SC) provides a set of functions for Group Communications User Services. This architecture does not preclude the possibility that its functionality may be provided by the application server.

The GC-GW is a logical entity – this architecture does not preclude the possibility that it may be part of another network element.
3.3 Reference Points

Reflecting the similarity in architecture to MBMS, the GCSE_LTE reference points are similar to those defined for MBMS:
GCu:
Is the reference point between the GC-GW and E-UTRAN for Group Communications data delivery. IP Multicast is used on this interface to forward data.

GCc:
Is the reference point for the control plane between MME and E-UTRAN.

Sg:
Is the reference point for the control plane between MME and GC-GW.

SGi-gc:
Is the reference point between GC-SC and GC-GW function for Group Communications data delivery.

SGgc:
Is the reference point for the control plane between GC-SC and GC-GW.

Protocol assumptions:

· The Sg reference point will be based on GTPv2-C.

· The GCu reference point will be based on GTPv1-U.

The SGgc reference point would represent the network side boundary of the group Communications Bearer Service from a control plane perspective. This would include user specific SGgc signalling and Group Communications bearer service specific signalling.

Group Communications bearer service specific SGgc signalling may include:

· Requests from the GC-SC to the GC-GW to establish the GC bearer contexts and requests to register the associated GC-GW(s) at the GC-SC.

· The GC-GW or the GC-SC can release the GC bearer context resulting in requests to de-register the GC-GW from the GC-SC.

· The GC-SC requests bearer service activation, update and release to the GC-GW including service attributes like QoS and Group Communications service area.

User specific SGgc signalling:

· The GC-SC would be responsible for authorising the user specific Group Communications multicast service activation (join) at the GC-GW.

· The GC-GW would report to the GC-SC the successful user specific Group Communications multicast activation (join) to allow the GC-SC to synchronise the GC-SC UE context with the GC UE contexts in the MME and GC-GW.

· The GC-GW would report to the GC-SC when a user specific Group Communications multicast service is released or deactivated (e.g. at implicit detach), again in order to allow synchronisation of contexts.
· The GC-SC would initiate the deactivation of a user specific GC bearer service when the GC user service is terminated.

3.4 Group Communications Service Provision

Reception of a Group Communications service is enabled by a set procedures, similar to those defined for MBMS Multicast Mode, that are illustrated in Figure 2.
3.4.1 Service Subscription

Subscription establishes the relationship between the user and the group communications service provider, which allows the user to receive the related Group Communications multipoint service (and by implication defines the members of a Group Communications Group). Subscription information is recorded in the GC-SC logical entity and the GC-SC will authorise UEs gaining access to a GC bearer service (see Service Join in clause 3.4.3). Procedures for subscription are likely to be considered out of scope of 3GPP.
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Figure 2 : Phases of Group Communications Service provision
3.4.2 Service Announcement

Group Communication User Service Announcement (and discovery) mechanisms will allow users to request or be informed about the range of Group Communication user services available. This includes operator specific GC user services as well as services from group communication providers outside of the PLMN. Service announcement is used to distribute to users information about the service, parameters required for service activation (e.g. IP multicast address(es)) and possibly other service related parameters.
Different operators/service providers may utilise one or more discovery mechanisms. These could include standard mechanisms such as SMS, or depending on the capability of the terminal, applications that encourage user interrogation. The method chosen to inform users about GC user services may have to account for the user' s location, (e.g. current cell, in the HPLMN or VPLMN). Users who have not already subscribed to a GC user service must be able to discover GC user services.

The following may be considered as potential mechanisms for GC user service announcement by the GC-SC and/or application servers (not exhaustive):

· GC bearer service, to a well known multicast address,  to advertise GC Multicast user services;

· PUSH mechanisms (WAP, SMS-PP, MMS);

· URLs (HTTP, FTP).

The details of the GC service announcement mechanisms are likely to be considered out of scope of 3GPP, but Group Communications should allow the utilisation of solutions using IETF protocols.

3.4.3 Service Join
Having discovered a GC user service via one of the mechanisms described in clause 3.4.2 the subscriber  may join the group of subscribers wanting to receive the service.  Service Join (i.e. GC multicast activation by the user) is the process by which a subscriber becomes an active member of a GC multicast group, i.e. the user indicates to the network that he/she wants to receive a specific GC bearer service specifying the announced IP multicast address. During the Service Join procedure the GC-SC will authorise the UE to become an active member of the GC multicast group.

If a GC user service is carried by more than one GC bearer service (e.g. to provide various media such as voice, video or messaging data with different QoS) the UE may need to join multiple relevant GC bearer services to receive the GC user service.
A subscriber may perform the Service Join procedure on multiple GC user services.

3.4.4 Service Preparation

Service Preparation is the process by which the GC-SC is placed in a state whereby it is ready and able to send data with minimal delay. Service Preparation occurs independently of activation of the service by the user (Service Join) – i.e. a given user may activate the service before or after Service Preparation occurs in the network. Service Preparation is the trigger for bearer resource establishment in the EPC in preparation for GC data transfer. If a GC user service is carried by more than one GC bearer service, Service Preparation will trigger the allocation of resources for each of the associated GC bearer services.
Service Preparation will also trigger the allocation of bearer resources in E-UTRAN initiated by control signalling through the EPC (see 3.5 for E-UTRAN considerations). 

Service Preparation will be initiated as the result of a decision in the application server or GC-SC to activate a GC user service across a defined geographic area, involving one or more GC bearer services each with defined QoS attributes.

Note: Separating Service Preparation from Session Initiation permits bearer resource allocation and establishment to be performed independently (ahead of) of application Session Initiation.  Thus, the delays associated with Service Preparation will not be experienced by the user at call session setup.
3.4.5 Session Initiation
GC Session Initiation is an application layer procedure whereby the application server / GC-SC starts to send application layer data over the user plane. At Session Initiation no EPC signalling is required as the GC bearer service was already established in the Service Preparation phase.
3.4.6 Session Termination
GC Session Termination is an application layer procedure whereby the application server / GC-SC stops sending application layer data over the user plane. At Session Termination the GC bearer service is not released.  Following Session Termination the GC bearer service remains available for further Session Initiation occurrences without any need for EPC signalling and the associated delays.
3.4.7 Service Release

Service Release occurs when the GC-SC (or application server) decides that it no longer wants to maintain bearer resources associated with delivery of the GC user service. At GC user Service Release the associated GC bearer services (and resources) are released in the EPC and E-UTRAN.
3.4.8 Service Leave
Service Leave (i.e. GC multicast deactivation by the user) is the process by which a subscriber leaves (stops being a member of) a multicast group because the user no longer wants to receive the data transmitted over a specific GC bearer service.
3.5 E-UTRAN considerations

For radio efficiency reasons, the E-UTRAN may select on a per cell basis whether to establish point-to-point or point-to-multipoint links for the distribution of GC service data to the UEs. 

Note: It is for RAN WGs to decide whether GC point-to-multipoint links in the RAN may be realised by broadcast (e.g. via MBSFN) and/or by multicast addressing (via non-MBSFN transmissions).
It is anticipated that UEs accessing the GC user service will exhibit smartphone like behaviour engaging in background signalling and thus remaining in ECM-CONNECTED state. Thus, the eNodeB will hold a UE context indicating GC multicast activation following a Service Join by the user.  Therefore, there will be no need for explicit counting procedures in the RAN such as those defined for MBMS.

RAN WGs will define the necessary procedures to achieve service continuity at cell mobility.
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