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1 Introduction

At SA#60 and the associated ad hoc meeting many papers were submitted addressing the issue of where the boundary between the 3GPP system and the application should be for group communications supported by the 3GPP feature "Group Communication System Enablers for LTE" [1].  After much discussion a proposed partitioning of functionality was included as Annex C in [2].

In the proposed partitioning the following allocation of responsibilities was fairly clear, although some matters were left unresolved (FFS),:

· Outside of 3GPP scope: 
Group management/handling; Call control; Interoperability with narrowband systems;
· Shared scope: 


Radio resource efficiency; Interaction with other 3GPP services;
· Within 3GPP scope:

Service Continuity.
A major aspect of functionality that may be of shared responsibility concerns the management of radio resource efficiency.  In particular this area of functionality will concern the establishment, modification and release of the means by which Multipoint Services (see definition in clause 3.1 of [2]) may be provided by the 3GPP network.
The possible requirements related to Multipoint Services may be investigated by considering the interactions defined by an existing standardised group communications / push-to-talk system [3]. The Open Mobile Alliance specified within [4] the means by which Push-to-talk Over Cellular (PoC) systems may optimise the downlink by employing MBMS broadcast technology when operating over 3GPP UTRAN networks. While not being directly applicable to GCSE_LTE a consideration of such interworking may give some pointers to the important requirements for a Multipoint Service to support group communications.
2 Analysis of 3GPP / PoC Interactions for PoC Multicast

The major interactions between the 3GPP network and an OMA PoC network as defined by “OMA PoC Multicast” may be derived from [4] and [5].  For simplicity at this stage the details of security procedures and key distribution have been omitted, however, security requirements will need to be specified in due course. The essentials of these interactions are summarised below.  These summaries and the associated figures are only intended to be indicative and should not be taken to be definitive.  For details of the interactions, entities and messages summarised please refer to [3], [4] and [5].
The interactions summarised are based upon a particular PoC call type (Pre-arranged PoC Group) and assume that the auto-answer option has been set in the terminating PoC Clients' context held at their home PoC Server. It is also assumed that the call media parameters are agreed with the home PoC Server prior to the decision to initiate / accept a call (called a Pre-established Session within PoC).
The following interactions are illustrated:

1. UE Initialisation Procedures
2. Pre-established PoC Group Call Setup
3. Multicast PoC Channel Establishment
4. Connection to a Multicast PoC Channel

5. Release of a Multicast PoC Channel

6. Loss of a Multicast PoC Channel

2.1 UE Initialisation Procedures
Basic UE initialisation and setup of a Pre-established PoC Session ( Figure 2):
· UEs attach to 3GPP network.

· UEs establish default PDP context.

· PoC Clients register with SIP/IMS core indicating support for the OMA PoC application.

· PoC Clients send a SIP INVITE (through the IMS core) to the PoC network control entities (PoC Servers) in which they indicate support for PoC Multicast while requesting the setup of a Pre-established session (Steps 5a – 5c).
· PoC Clients agree media parameters with the PoC network for the Pre-established Session for the Pre-arranged PoC Group (Steps 5d – 5e). Note: the actual call instance will be initiated at a later stage.
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Figure 1 : Initialisation and Pre-established PoC Session Setup (from [5], Figure 5.3.3)
Observations:

1. Application layer group call functions (in UE and network) may exchange and negotiate channel codec and bearer information related to potential future group calls.  Therefore, the network may inform potential call participants about Multipoint Services that could be used for a group call before a group call instance is initiated.  Prior knowledge of Multipoint Services could be used for early switching from unicast to Multipoint, or even possibly be used for downlink distribution of common call setup messages (instead of sending the same message on multiple unicast bearers).
2. Application layer group call entities should be able to request the establishment/configuration of Multipoint Services separately from (in anticipation of) future group call setup instances.

2.2 Pre-established PoC Group Call Setup
The steps involved in setting up an instance of a Pre-established PoC Group call are illustrated in Figure 2  and are described below:
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Figure 2 : Pre-established PoC Session with Auto-answer (derived from [5], Figure 5.3.3)
· Initiating UE sends a SIP REFER to the PoC Server referencing the Pre-established session (Steps 2 - 3).

· SIP INVITE messages are sent to the Participating PoC Servers of all other PoC Clients in the Pre-arranged PoC group (Steps 6 – 8).

· The inviting PoC Client may be informed at this stage, with a Talk Burst Control Protocol (TBCP) Connect message, that the Pre-established session has now been connected (Steps 10). Alternatively, the TBCP Connect may be delayed and sent in the same IP packet as the Talk Burst Granted message (Step 20).

· The PoC Servers of one or more invited PoC Clients respond by sending a SIP OK response with an auto-answer indication (Steps 9, 12, 13).

· The terminating PoC Clients are informed with a Talk Burst Control Protocol (TBCP) Connect message that the Pre-established session has now been connected (Steps 14, 17, 18).

· The initiating PoC Client is informed that the session has been accepted (Steps 15 – 16) and is also informed that it has been granted the right to send talk bursts (Steps 20 and 23).

· The terminating PoC Client(s) is informed of the identity of the PoC Client that has been granted the right to send talk bursts (Steps 21 - 22).

· On receiving Talk Burst Granted the initiating UE starts to send media to the PoC Server (Step 24).

· The PoC Server distributes the media received from the initiating UE to all terminating UEs that have joined the group call (Steps 25 – 26). At this stage media will be distributed using unicast bearers.
· Only once an ongoing PoC Session has been established may the PoC Server then decide (based upon local policy) to establish a Multicast PoC Channel (see section 2.3).

Observations:

1. Multipoint Service for a group call will not always be available (e.g. at and soon after call setup). It should be possible to support group call services using only unicast bearers.
2. Given that Multipoint Services will always be an optional (resource efficient) adjunct to Unicast, the 3GPP support for other aspects of group call services shall be common across Unicast and Multipoint Services.
2.3 Multicast PoC Channel Establishment
The steps involved in establishing a PoC Multicast Channel are summarised below and illustrated in Figure 3:

· PoC Server decides to establish a Multicast PoC channel based upon local policy.

· PoC Server (acting as a BM-SC) establishes a connection to the 3GPP Core Network using the DIAMETER protocol (Steps 1 – 2).

·  Using the DIAMETER protocol the PoC Server sends an MBMS Start Indication to the Core Network. The MBMS session is identified by a unique TMGI and the MBMS service type requested is “broadcast” (Steps 3 – 4).

· The Core Network sends an MBMS Session Start to the 3GPP RAN (Steps 5 – 6).

· The RAN announces the availability of the broadcast MBMS session (Step 7).

· PoC Server starts to pass the broadcast media to the Core Network as well as distributing the same media to all PoC Clients connected via unicast RTP sessions (not shown).
· The PoC Server announces the availability of the multicast channel to all PoC Clients participating in the PoC session that indicated support for PoC Multicast (see Figure 4). 
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Figure 3 : Multicast PoC Channel Establishment (from [4] Annex C Figure 2)
Observations:
1. The availability of a particular Multipoint Service in a given LTE cell will depend upon a number of factors in the core and radio access networks, such as Multipoint Service capacity, Multipoint Service area configuration and operator network policy.

2. Application layer group call network control entities should be able to request the establishment / configuration of Multipoint Services based upon decisions made at the application layer.  Application layer group call network control entities should be able to know whether or not such requests are successfully fulfilled within the core and radio access networks.
3. The delay between receiving the initial request to set up a Multipoint Service and the ability of a UE to connect to that Multipoint Service shall be minimised (performance requirement TBD), in order to support emergency/dynamic call group scenarios.
2.4 Connection to a Multicast PoC Channel
The steps necessary for a PoC Client to connect to a PoC Multicast Channel are summarised below and illustrated in Figure 4:
· The PoC Server announces the availability of the multicast channel to all PoC Clients participating in the PoC session that indicated support for PoC Multicast. It sends a SIP INFO message, with a MIME SDP body containing separate media descriptions for the (downstream) PoC Multicast Channel and the related (upstream) unicast channel. The media description for the PoC Multicast channel includes the access technology attribute (indicating MBMS and the TMGI) and the attribute “sendonly”. The media description for the equivalent unicast channel has the attribute “recvonly”.

· PoC Client receives the SIP INFO message (the announcement), with a MIME SDP body containing the details of the PoC Multicast channel (indicating MBMS and the TMGI) and verifies that it is able to receive the necessary media streams based upon the codec information in the SDP body (Figure 4).

· UE connects to the p-t-m MBMS bearer:

a. Acquires MBMS services information from MCCH.

b. Matches the TMGI received via SDP to an MBMS Service ID in the acquired MBMS service information.

c. Configures the p-t-m MBMS bearer corresponding to the matched MBMS Service ID.
d. Participates in MBMS counting if applicable.
· PoC Client sends a SIP UPDATE message with an SDP offer indicating that it will send media via the unicast bearer and receive media via the PoC Multicast bearer.

· PoC Server sends an SDP answer in a SIP 200 “OK” message. For the media streams offered by the PoC Client the SDP answer repeats the SDP parameters sent in the earlier announcement message. The PoC Server puts the downlink unicast media stream to the PoC Client “on hold”.
· On receiving the positive SDP answer the PoC Client initiates rendering of the downlink media stream(s) received over the PoC Multicast channel and stops rendering the media received over the unicast service.
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Figure 4 : Connect to Multicast PoC Channel (from [4] Annex C, Figure 3)

Observations:

1. At least some existing group call network control entities negotiate media streams end-to-end at the application layer (media stream negotiation using the SDP offer/response method).  The application layer group call network control entity should decide, or be aware of any decision, whether or not to supply a downlink media stream over a common Multipoint Service so that such end-to-end negotiation may be supported.

2. The detection and availability of a particular Multipoint Service at a given UE will depend upon a number of additional factors, such as UE capabilities and local radio signal conditions affecting whether the UE is able to receive the Multipoint Service transmission.

3. 3GPP support for group call services shall permit the decision to be made by the UE application layer on whether or not to connect/move to any given Multipoint Service.
4. Where the application layer network control entities supply separate downlink streams (carrying the same media) to the 3GPP network, the application layer should have the responsibility for ensuring the synchronised rendering at the UE of these streams (carrying the same media) when switching to the Multipoint Service. 

2.5 Release of a Multicast PoC Channel

The steps involved in stopping an existing PoC Multicast Channel (and henceforth relying upon unicast distribution for the group call) are summarised below and illustrated in Figure 5 (N.B. numbering of messages should be ignored as the flow has been gleaned from a number of figures) :

· PoC Server decides to stop a Multicast PoC channel based upon local policy.

· PoC Server sends a SIP INFO, to all PoC Clients on the call who have indicated support for PoC Multicast, with an SDP body indicating that the only option for group call is now the unicast stream.
· The PoC Clients acknowledge the SIP INFO with a SIP 200 OK and if rendering the PoC Multicast Channel they send a SIP UPDATE message with an SDP offer proposing to use the unicast stream.

· When the PoC Server has received a SIP UPDATE from all PoC Clients which were using the PoC Multicast Channel, it establishes a connection to the 3GPP Core Network and using the DIAMETER protocol sends an MBMS Stop Indication.

· PoC Server stops passing the broadcast media and the 3GPP network stops the MBMS session.
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Figure 5 : Release of Multicast Channel by PoC Server (from [4] Annex C)
Observations:

1. Multipoint Service for a group call will not always be available (e.g. due to local policy or the competing requirements of a higher priority group call). It should be possible to support group call services using only unicast bearers. It should be recognised that support of group calls using unicast bearers may, of necessity, place limitations on the numbers of users that may be supported simultaneously in call.
2. 3GPP support for group call services shall provide support for the managed reduction in call capacity (number of users on a call) resulting from the loss or withdrawal of a Multipoint Service during the lifetime of a group call.

3. Application layer group call network entities should have the ability to request the release of a given Multipoint Service.

4. 3GPP support for group call services shall permit the decision to be made by the UE, based upon information received at the application layer, on whether or when to revert to a unicast service.
5. Application layer group call network entities should ensure that all UEs in a given group call have moved to unicast streams before releasing a Multipoint Service, otherwise, there will be a disruption to the downlink media stream at the UE while re-connecting the unicast media stream.

6. Where the application layer network control entities supply separate downlink streams (carrying the same media) to the 3GPP network, the application layer should have the responsibility for ensuring the synchronised rendering at the UE of these streams (carrying the same media) when switching from the Multipoint Service to a unicast bearer.
2.6 Loss of a Multicast PoC Channel due to Mobility
The steps involved in handling loss of a PoC Multicast Channel are summarised below and illustrated in Figure 6:
· UE detects that it is about to leave (or has left) the MBMS Service Area supporting the PoC Multicast Channel and informs the PoC Client.

· PoC Client sends a SIP UPDATE message with an SDP offer indicating that it wants to send and receive media via the unicast bearer.

· PoC Server sends an SDP answer in a SIP 200 “OK” message and puts the downlink unicast media stream to the PoC Client “off hold”.

· On receiving the positive SDP answer the PoC Client initiates rendering of the downlink media stream(s) received over the Unicast bearer.

[image: image8.png]Access Network A

Home PoC Network A

PoC Client A Radio Network Core Network SIPIIP Core A PoC Server A
(MBMS Client) Controller L ) (partiipating)
On going PoC Session using Multicast PoC Channel
1. PoC Client detects that it
moves from Multicast service
area to non multicast service
area.
2 UPDATE
l 3 UPDATE
4.2000K
5.2000K

6. PoC Client disconnects to
the Multicast PoC Channel
locally without any signaling

On going PoC Session using a ded

icated RTP session per PoC Client





Figure 6 : Loss of PoC Multicast Channel (from [4] Annex C, Figure 7)

Observations:
1. The continued availability of a particular Multipoint Service at a given UE will depend upon a number of factors, such as UE capabilities and local radio signal conditions affecting whether the UE is able to receive the Multipoint Service transmission.

2. 3GPP support for group call services shall permit the decision to be made by the UE application layer on whether or when to revert to a unicast service.

3. If the application layer is responsible for re-connecting to the unicast media stream when the UE moves out of the service area for a particular Multipoint Service, then the UE application layer should be informed that this will be necessary before the UE is handed over to a cell not providing the required Multipoint Service, otherwise, there will be a disruption to the downlink media stream at the UE while re-connecting the unicast media stream.
4. 3GPP support for group call services shall support the UE application layer to make pre-emptive decisions to re-connect the downlink unicast media when the UE is close to requiring a handover to a cell not providing a given Multipoint Service.
3 Summary

3.1 Classification of Observations

In this paper an analysis was performed of some basic interactions between the 3GPP network and an example group communication application layer service. These basic interactions were identified as a result of considering the 3GPP / OMA PoC inter-working procedures described in [4] and [5].

For each basic interaction analysed in section 2 a number of observations were made with the purpose of identifying potential requirements for the 3GPP GCSE_LTE service enabler. Some of the observations made are just simple observations or relate to expected behaviour by the application layer group communication service.  More importantly some of the observations can be used to derive potential service requirements for GCSE_LTE.

Each observation from section 2 has been classified accordingly and any proposed action has been indicated in […] after each of the observations as reproduced below. Some of the identified requirements are already addressed in the draft of TS 22.468 and this fact has been noted as a qualification to the proposed action.
3.2 UE Initialisation Procedures:

1) Application layer group call functions (in UE and network) may exchange and negotiate channel codec and bearer information related to potential future group calls.  Therefore, the network may inform potential call participants about Multipoint Services that could be used for a group call before a group call instance is initiated.  Prior knowledge of Multipoint Services could be used for early switching from unicast to Multipoint, or even possibly be used for downlink distribution of common call setup messages (instead of sending the same message on multiple unicast bearers). [Simple Observation]
2) Application layer group call entities should be able to request the establishment/configuration of Multipoint Services separately from (in anticipation of) future group call setup instances. [Propose requirement in clause 4.1.2 of TS 22.468]
3.3 Pre-established PoC Group Call Setup:

1) Multipoint Service for a group call will not always be available (e.g. at and soon after call setup). It should be possible to support group call services using only unicast bearers. [Propose requirement in clause 4.1.4 of TS 22.468]
2) Given that Multipoint Services will always be an optional (resource efficient) adjunct to Unicast, the 3GPP support for other aspects of group call services shall be common across Unicast and Multipoint Services. [Propose requirement in clause 4.1.6 of TS 22.468]
3.4 Multicast PoC Channel Establishment:
1) The availability of a particular Multipoint Service in a given LTE cell will depend upon a number of factors in the core and radio access networks, such as Multipoint Service capacity, Multipoint Service area configuration and operator network policy. [Simple Observation]
2) Application layer group call network control entities should be able to request the establishment / configuration of Multipoint Services based upon decisions made at the application layer.  Application layer group call network control entities should be able to know whether or not such requests are successfully fulfilled within the core and radio access networks. [Proposed requirement already addressed in clause 4.1.2 of TS 22.468]
3) The delay between receiving the initial request to set up a Multipoint Service and the ability of a UE to connect to that Multipoint Service shall be minimised (performance requirement TBD), in order to support emergency/dynamic call group scenarios. [Propose requirement in clause 4.1.3 of TS 22.468]
3.5 Connection to a Multicast PoC Channel:

1) At least some existing group call network control entities negotiate media streams end-to-end at the application layer (media stream negotiation using the SDP offer/response method).  The application layer group call network control entity should decide, or be aware of any decision, whether or not to supply a downlink media stream over a common Multipoint Service so that such end-to-end negotiation may be supported. [Proposed requirement already addressed in clause 4.1.2 of TS 22.468]
2) The detection and availability of a particular Multipoint Service at a given UE will depend upon a number of additional factors, such as UE capabilities and local radio signal conditions affecting whether the UE is able to receive the Multipoint Service transmission. [Simple Observation]
3) 3GPP support for group call services shall permit the decision to be made by the UE application layer on whether or not to connect/move to any given Multipoint Service. [Propose requirement in clause 4.1.4 of TS 22.468]
4) Where the application layer network control entities supply separate downlink streams (carrying the same media) to the 3GPP network, the application layer should have the responsibility for ensuring the synchronised rendering at the UE of these streams (carrying the same media) when switching to the Multipoint Service. [Propose addition of a NOTE in clause 4.1.6 of TS 22.468]
3.6 Release of a Multicast PoC Channel:

1) Multipoint Service for a group call will not always be available (e.g. due to local policy or the competing requirements of a higher priority group call). It should be possible to support group call services using only unicast bearers. It should be recognised that support of group calls using unicast bearers may, of necessity, place limitations on the numbers of users that may be supported simultaneously in call. [Simple Observation]
2) 3GPP support for group call services shall provide support for the managed reduction in call capacity (number of users on a call) resulting from the loss or withdrawal of a Multipoint Service during the lifetime of a group call. [Propose requirement in clause 4.1.6 of TS 22.468]
3) Application layer group call network entities should have the ability to request the release of a given Multipoint Service. [Proposed requirement already addressed in clause 4.1.2 of TS 22.468]
4) 3GPP support for group call services shall permit the decision to be made by the UE, based upon information received at the application layer, on whether or when to revert to a unicast service. [Propose requirement in clause 4.1.4 of TS 22.468]
5) Application layer group call network entities should ensure that all UEs in a given group call have moved to unicast streams before releasing a Multipoint Service, otherwise, there will be a disruption to the downlink media stream at the UE while re-connecting the unicast media stream. [Simple Observation]
6) Where the application layer network control entities supply separate downlink streams (carrying the same media) to the 3GPP network, the application layer should have the responsibility for ensuring the synchronised rendering at the UE of these streams (carrying the same media) when switching from the Multipoint Service to a unicast bearer. [Propose addition of a NOTE in clause 4.1.6 of TS 22.468]
3.7 Loss of a Multicast PoC Channel due to Mobility:

1) The continued availability of a particular Multipoint Service at a given UE will depend upon a number of factors, such as UE capabilities and local radio signal conditions affecting whether the UE is able to receive the Multipoint Service transmission. [Simple Observation]
2) 3GPP support for group call services shall permit the decision to be made by the UE application layer on whether or when to revert to a unicast service. [Propose requirement in clause 4.1.4 of TS 22.468]
3) If the application layer is responsible for re-connecting to the unicast media stream when the UE moves out of the service area for a particular Multipoint Service, then the UE application layer should be informed that this will be necessary before the UE is handed over to a cell not providing the required Multipoint Service, otherwise, there will be a disruption to the downlink media stream at the UE while re-connecting the unicast media stream. [Simple Observation]
4) 3GPP support for group call services shall support the UE application layer to make pre-emptive decisions to re-connect the downlink unicast media when the UE is close to requiring a handover to a cell not providing a given Multipoint Service. [Propose requirement in clause 4.1.4 of TS 22.468]
3.8 Proposed Further Action
The observations and proposed actions listed above have been used to derive text proposals [6] [7] [8] to add further service requirements to the draft of TS 22.468 [2].
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