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1. Introduction

A clear concept of the nature or extent of the work required to satisfy WI "Group Communication System Enablers for LTE" is not immediately obvious.  This situation is often the case when specifying the work required to enable other features to function as intended in a wider system context or in order to provide the "glue" to permit system elements to work together to provide a unified feature.  Further complications arise when there is a need to provide hooks to allow legacy systems to inter-work with native features.

This paper addresses the nature of a system enabler (or indeed system enablers) for Group Communications over LTE and provides a recommendation for the scope.  In so doing this paper considers:

· the scope of the work item as defined by the Work Item Description (WID)

· Mission Critical Voice (MCV) requirements defined by the US NPSTC which are related to group communications
In this paper the term Mission Critical Communications (MCC) is used to encompass both group calls (involving defined talk-groups) and other related modes of communication used by organisations with critical communications requirements.
2. Analysis of Objectives Stated in the WID
2.1 Summary of the Work Item Description
This paper takes as its starting point the stated objectives in the WID (Work Item Description) [1].

The following main statements may be extracted from the Objectives section of the WID:

1. "shall specify the system enablers to the 3GPP system to support group communication over LTE for critical communications such as Public Safety";
2. "communication will consist of various media. Examples of media consist of conversational type communication (voice, video) or streaming (video) or data (messaging) or a combination of them";
3. "shall collect the requirements as relevant to improve the EPC and E-UTRAN";
4. "From a public safety perspective, the US requirements as specified in NPSTC (Mission Critical Voice Requirements) would be considered as starting point";
5. "Other regional requirements may also be reflected in the work";
6. "shall be worded in a way to easily accommodate future requirements from other regions or stakeholders"

7. "Management of group communications will be defined in GCSE_LTE";

8. "At least requirements on the following topics shall be provided:

a. Group Communication

b. Group size

c. Group Handling

d. Priority Handling

e. Call establishment times 

f. Resource efficiency."

The following more general requirements and exclusions may also be extracted from the Objectives section of the WID:

9. "shall not define requirements for ProSe. All ProSe groups communications will be defined within ProSe",

10. "should aim at re-using existing, standardized functionality when possible and justified ",
11. "A gap analysis of existing stage 1 specifications will be done and is foreseen to be included as an informative annex to the TS ".

12. Service and charging aspects will be identified. Security aspects will be evaluated. 

2.2 Observations of the WID relevant to the nature and scope of the work item
The following initial observations may be made:
A. A collection of enabling features will be required rather than a single integrated enabler:  The outcome of the work item almost certainly will NOT be a requirement for a "single integrated system enabler".  Rather, the work item output may identify the requirement for a number of separate additions to, or improvements in, existing functionality [see objectives statement 1 above].
B. Additions and improvements may be necessary across the Evolved Packet System and the IMS: The work item should consider whether additions are necessary in either (or both) the EPC and E-UTRAN [see objectives statement 3 above].  Given that multimedia call control in the EPS is based around the Internet Multimedia Subsystem (IMS), it is reasonable to assume that the IMS also be within the scope for consideration by this work item.
C. Support shall be specified for group communication involving various types of media: The work item shall specify requirements for additions or improvements that support group communications involving at least the following media types: conversational voice/video, streaming video and messaging [see objectives statement 2 above].

D. Consideration shall be given to group communication requirements from multiple regions:  The group communications requirements described by the US NPSTC [2] as part of their description of Mission Critical Voice may be taken as a starting point.  But requirements originating from other regions must also be considered.  In addition consideration must be given to accommodating other regions who have yet to finalise their requirements [see objectives statements 4, 5 and 6 above].  This paper will consider the US NPSTC MCV requirements [2] as a starting position.
E. Requirements for call establishment times should be provided:  The expectations of the critical communications community (informed by experience from usage of PMR systems) should guide the definition of performance requirements [see objectives statement 8e above].

F. Requirements on efficient use of the wireless spectrum resource should be provided: Consideration will need to be given to efficient means of supporting the one-to-many distribution of media from the current holder of the floor (in the group call). The work item should consider appropriate requirements for group call efficiency consistent with completion of the work item in the Rel-12 timeframe [see objectives statement 8f above].
G. Requirements for appropriate means of managing call groups shall be identified: The WID [1] states that management of group communications will be within scope of the work item.  In section 3 below we identify reasons why we believe that in the main the management of call groups should rightly be within the domain of the application layer [see objectives statement 7, 8a-8c above].
2.3 Architectural Context of the GCSE_LTE Enablers

In the context of PS based LTE (E-UTRAN and EPC), Mission Critical Communications may be most appropriately regarded as an application layer service using the transport layer services of the standard EPS architecture (Figure 1). 
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In the all-IP architecture of 3GPP EPS, multimedia call control is mapped to application servers and facilitated by the SIP based services of the Internet Multimedia Subsystem (IMS). A simplified model for this application service layer is presented in Figure 2.  The functions of the external entities highlighted in the figure are explained in section 3.
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Figure 2 - Model for Mission Critical Communications: Application Service Layer
3. NPSTC Mission Critical Voice (MCV) Requirements

The NPSTC breakdown their description of the requirements for supporting Mission Critical Voice into a number of aspects of which the following are relevant to the consideration of this work item:

· Push-To-Talk

· Group Call

· Talker Identification

· Emergency Alerting

The descriptions of these functions are based upon relevant text from the NPSTC document [2].

3.1 
Push-To-Talk (PTT)
This is the standard form of public safety voice communications today - the user wishing to speak pushes a button on the terminal which then transmits the user's conversational voice message to other units. When the user has finished speaking they release the Push-To-Talk button and the terminal returns to the listen mode of operation.  Communication is half-duplex and the system manages the right to speak (floor control) only allowing one user to speak at any one time.

The sequence of events for normal PTT operation is as follows: a user wishing to speak on a particular voice path listens to that voice path, and when no one else is speaking, the user presses a button either on the terminal itself or on a remote control device. The user device may communicate channel grant or denial status to the user via visual and/or audio cues. When the user is finished speaking, he releases the PTT button, which places the terminal in the listen mode. This action makes the voice path available so that another user on the same voice path may speak. Often, the system provides the identity of the speaker to listeners via a digital display (see Talker Identification below).
PTT calls may be made in open channel mode.  In open channel mode many users may all connect to the same logical communications channel and sequentially request control of the floor and be granted the opportunity to speak.  However, in this mode of operation individual participants are not invited to the call and may join and/or leave the logical communications channel at will.  A related communications mode is group calling, but the distinction here is that individual participants are identified by inclusion in a call list (talk-group) and the members of the talk-group are individually invited to the group call (see “Group call” sub-clause).
In order to support a PTT application the following types of message traffic will need to be supported by the underlying LTE transport network:

1. PTT call setup signalling

2. PTT floor control signalling

3. PTT user plane traffic (conversational VoIP, video and other message traffic as required).
These message traffic types may be assigned to EPS bearers according to the standard QCI classes defined in [3].  Options for realisation of the PTT call setup signalling include SIP, H.323 and various proprietary protocols. H.323 and proprietary protocols would necessarily run over-the-top of the EPS data bearers provided by an LTE network.  In the case of SIP the call setup signalling may be IMS aware and communicate via the IMS infra-structure or the SIP signalling may also run over-the-top communicating with a SIP proxy network not conforming to the 3GPP SIP profile as defined in the IMS standards.
In the LTE architecture model, wherein call control is handled through the Internet Multimedia Subsystem (IMS based SIP) with specific application functions handled by entities external to 3GPP (i.e. by specific Application Servers), the function of floor control in a one-to-many half-duplex call naturally lies outside of the domain of 3GPP, being an application function.

It may be noted that an open standard for call setup and floor control (Push-to-talk Over Cellular), which is built upon IMS support, has been specified by the Open Mobile Alliance [7].  Rather than re-inventing the wheel, efforts might be more profitably directed at enhancing the OMA PoC standard, where necessary, to better serve the needs of mission critical communications. Thus, it is proposed that call setup and floor control for half-duplex PTT calls be considered out of scope of 3GPP, to be handled by an external entity such as an IMS Application Server.
3.2 
Group call

This method of voice communications provides one-to-many communication between members of a talk-group and is of vital importance to the public safety community. 
Typically, a group call employs half duplex voice, using an infrastructure component to limit voice conversations to one talker at a time (e.g. PTT as above). Conference calls with no floor arbitration and duplex voice calls are also possible but issues with intelligibility may arise when multiple simultaneous talkers are mixed together. Individual participants in a group call are identified by inclusion in a call list (talk-group) and the members of the talk-group are individually invited.
The user may manually control his/her participation in a talk-group by selecting specific talk-groups of interest. Talk-group membership may also be infrastructure driven where existing talk-groups are patched together to form a new group. In this case, the system may optionally provide the ability to delay the start of a call until all the relevant members of a talk-group are idle. Talk-groups may consist of 10's or even 100's of users concentrated at a single location or distributed over a large geographic area.
In the sub-section on Push-To-Talk we have outlined reasons for considering that call setup and floor control for half-duplex PTT calls be considered out of scope of 3GPP (possibly handled by an IMS Application Server).  The same principle applies to call setup and floor control for group calls which are a one-to-many extension of basic PTT one-to-one calls. Thus, it is further proposed that call setup and floor control for group calls be considered out of scope of 3GPP, to be handled by an external entity such as an IMS Application Server.
Talk- group management (creation, modification, deletion, etc) will be essentially a user driven activity, whether done by a field officer, a command centre dispatcher or as an offline configuration activity. It naturally falls in the application domain.  At initiation of a group call the entity setting up the call will need to access the talk-group details.  It was proposed in section 3.1 above that call setup be handled by an entity external to 3GPP (e.g. an IMS Application Server), thus architecturally it would be simpler if the talk-group database and talk-group management entity also be external to 3GPP, for example using XCAP over the Ut interface [4] in accordance with [5] .
It may be noted that an open standard for XML document management, which is built upon XCAP support, has been specified by the Open Mobile Alliance [8].  Note: talk-group lists may be stored and handled as XML documents. Rather than re-inventing the wheel, efforts might be more profitably directed at enhancing the OMA XDM standard, where necessary, to better serve the needs of mission critical communications. Thus, it is proposed that the talk-group database and talk-group management entity be considered out of scope of 3GPP.
For mission critical applications, users have an expectation of "immediate" communication with their dispatch or command centre and little to no end-to-end audio delays. Call setup delay and end-to-end media delays are greatly influenced by the 3GPP/LTE architecture and procedures.  Thus, it is appropriate that relevant public safety user expectations be reflected in requirements upon EPC/E-UTRAN procedures that influence such delays.  During 3GPP Rel-6, a study investigated the delays that might be expected by PTT like application services (e.g. OMA PoC) when such services used the 3GPP PS domain and UTRAN or GERAN radio access technology [6].  It is recommended that during the Stage 2 for this work item an equivalent investigation of delays through the EPC, E-UTRAN and IMS be performed together with a re-consideration of appropriate QoS settings and network configuration.
In order to provide a predictable and consistent experience, resources must be acquired for all talk-group members (or a critical subset) before permission to talk is granted by the system. If resources are not available at the start of a call, a call request may be granted, denied, or a temporary network busy signal may be given depending on resource availability and system policy. This may require that other active talk-group calls be pre-empted to free up resources due to emergency conditions or other priorities. There is also the expectation that once a call is granted, the resources will continue to be available until the call is ended (unless there is pre-emption by a subsequent higher priority call). These features may be implemented by the application service layer.
3.3 
Talker Identification

Talker identification is considered a mission critical voice feature. This feature provides the ability for a user to identify who is speaking at any given time (particularly important in an open channel mode or group call where the right to talk may pass between multiple participants) and could be equated to caller ID available on most commercial cellular systems today.  The identifying information may be comprised of alphanumeric characters and/or may contain the UE ID and/or any customized character string designated by public safety users for a given UE.
Assuming that mission critical call setup and floor control are handled by entities external to 3GPP, as proposed above, it is proposed that  the generation and communication of this talker identification information also be considered to be the responsibility of these same entities external to 3GPP.
3.4 
Emergency Alerting

Activation of this feature indicates that a user has encountered a life-threatening condition and requires immediate access to the system, or a given talk-group, and should therefore be given the highest priority level by the system. This may require that another user or talk-group member be instantly removed from the system or talk-group (ruthless pre-emption). If a member of a talk-group is transmitting voice and/or text at the time that an emergency (on that talk-group) is declared (by another user) the terminal of the user not transmitting the emergency is immediately returned to receive mode and the floor is immediately given to the user declaring the emergency.
Upon activation of the emergency feature, the subscriber unit usually transmits its location in standard coordinates to the dispatcher monitoring the talk-group. In addition, the subscriber unit may transmit other data such as video or telemetry. Typically the emergency alerting function alerts members of a talk-group (or multiple talk-groups) to the presence of the life-threatening emergency by the activation of audio and visual cues such as an emergency tone and text or other visual indicators. 
Public safety organisations will often require that the emergency alert feature not require registration. Thus, the system is required to accept an emergency alarm from a user in distress prior to registration and/or authentication. The UE then proceeds with the normal registration and/or authentication procedure. Acceptance of emergency alerts by non-registered users would normally be a configurable system feature in accordance with standard operating procedures.
Assuming that mission critical call setup and floor control are handled by entities external to 3GPP (such as an IMS application server), it is considered that these external entities will be in a position to manage talker pre-emption or call pre-emption in accordance with the priority and status of existing calls and the standard operating procedures of the organisation. However, it is recommended that SA1considers further whether there is a requirement for users that are not registered with the EPC and/or with the IMS to be able to activate the emergency alert feature. 
4. Summary
4.1 
Observations

In this paper the following observations have been made concerning the stated objectives of the WID [1]:
Observation 1:
A collection of enabling features will be required rather than a single integrated enabler.

Observation 2:
Additions and improvements may be necessary across the Evolved Packet System and the IMS.

Observation 3:
Support shall be specified for group communication involving various types of media.

Observation 4:
Consideration shall be given to group communication requirements from multiple regions.
Observation 5:
Requirements for call establishment times should be provided.
Observation 6:
Requirements on efficient use of wireless spectrum resource should be provided.
Observation 7:
Requirements for appropriate means of managing call groups shall be identified.
4.2 
Proposals and Recommendations
As the result of an analysis of the Mission Critical Voice requirements in [2] the following proposals and recommendations have been made:
Proposal 1: 
It is proposed that call setup and floor control for half-duplex PTT calls be considered out of scope of 3GPP, to be handled by an external entity such as an IMS Application Server.
Proposal 2: 
It is further proposed that call setup and floor control for group calls also be considered out of scope of 3GPP, to be handled by an external entity such as an IMS Application Server.
Proposal 3: 
It is proposed that any talk-group database and talk-group management entity be considered out of scope of 3GPP.

Proposal 4: 
It is proposed that the generation and communication of talker identification information be considered to be the responsibility of the same call setup or floor control entities that are external to 3GPP.

Recommendation 1:   It is recommended that during the Stage 2 for this work item an investigation of delays through the EPC, E-UTRAN and IMS be performed together with a re-consideration of appropriate QoS settings and network configuration.

Recommendation 2:   It is recommended that SA1considers further whether there is a requirement for users that are not registered with the EPC and/or with the IMS to be able to activate the emergency alert feature.
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Figure � SEQ Figure \* ARABIC �1� - Model for Mission Critical Communications: Transport Layer
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