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Introduction
This contribution makes some of the text in solution 6.5 more precise. 

Proposal

The following changes to section 6.5 of TR 23.768 are proposed

Proposed changes to TR 23.768

6.5
Solution 5 - Group communications with pre-established MBMS broadcast Bearers and multicast/unicast switching

6.5.1
Functional description

These are the functional principles of this solution
-
It is assumed the Public Safety device uses LTE only within the scope of this solution (the device may have other radio interfaces but these are out of the scope of this section).

-
Handling of group communications and group management at the application layer

-
Mapping of group of users to IP multicast addresses performed based on application layer criteria as a result of BMSC and application interaction. 
-
Distribution of traffic for multicast IP addresses via eMBMS broadcast to specific areas based on application layer criteria
-
 As defined in TS 23.246 [x], 
UE’s are not expected to use IGMP to receive multicast data on the eMBMS bearer.
-
UEs can participate in application layer group communications either by receiving IP multicast packets by listening to the eMBMS broadcast associated to a TMGI the application notifies to the group members, or by receiving IP unicast packets, 
-
The UEmay directly notify the application when the TMGI-related channel is available in a cell or not and therefore cause the application to deactivate or activate unicast transmission to the UE, respectively.

-
It is assumed that the broadcast groups are long term or could be created on demand. The UE can receive notification of groups available to it on the Unicast channel (using dedicated signalling with the applications) or by listening on a dedicated broadcast channel available over the whole PS network (e.g. a channel associated to a well known TMGI devoted to advertising the available communications groups in a particular area and related TMGI’s)
-
The system remains application neutral, except it may provide some PS optimizations for eMBMS 
-
The support of inter-operator roaming is built into the solution as the PS applications are a third party to every operator the PS agency needs to have access to.

-
Different PS applications may be available via the same PDN connection or different PDN connections

-
Optional optimization: UEs could be provisioned with Cell ID’s constituting the boundary of the group distribution via application layer interaction (FFS) so that when the UE arrives at a cell where the switch between unicast and multicast is possible, the application may assist the UE to decide to switch the UE to/from BROADCAST from/to UNICAST reception, depending on criticality of not missing any communication or based on any exceptional cell load reported to the applications by the operator. This provisioning avoids the need of the UE to always report the cell where it is to the application and to report just when it enters or exist boundary cells. Alternately, ULI reporting may be active for the device and the location information reported to the application via Rx, however this assumes the UE is in RRC connected state for as long as this is needed to make this optimization work.
-
Application layer signalling between the UE and the GC application is out of the scope of GCSE-LTE work item and shall be part of the definition of the applications using GCSE-LTE capabilities. However GCSE-LTE work item can provide application developers with guidance on how applications shall be designed, e.g. by means of informational flows.

In order to implement a solution with these attributes the following system architecture for GCSE-LTE is proposed


[image: image1.emf]UE eNB

MBMS 

GW

BM-SC

GC

Application 

MCE MME

P-GW

Uu

M1

M2

M3

SG-imb

SG-mb

PCRF

Sgc-U

Gx

S-GW

Sm S11

S5

S1-U

GC Application 

Client/Proxy

UE

ProSe 

Communication

SGi

Rx

Sgc-C

GC 

APplication 

Client


When the UE uses unicast communications for DL traffic, the path is via the PGW SGi and the PCRF is providing the application with means to interact with the infrastructure via Rx inteface.

When the UE uses multicast for DL traffic, then the BMSC is providing the application with means to interact with the infrastructure on the C-plane interface identified by Sgc-C., and the user plane is in the DL via the BMSC over the Sgc-U interface.

The uplink user traffic and both DL and UL application signalling with the UE is via the SGi. Optionally, available group advertisement can also take place on the broadcast channel.
The application may establish dedicated unicast bearers to deliver content in unicast mode via the PCRF.

6.5.2
Procedures

These flows are examples of UE-network interaction for this solution.


[image: image2.emf]UE

UE

5.Establish eMBMS bearers

1. Request TMGI+provide GC service area

2. TMGI Reserved+GC service area boundary 

cells

6. Establish eMBMS Bearer

4.eMBMS Request bearer

7. BearerResponse

11. Return TMGI for GCgroup(s) to UE+ opt. boundary cells list

10. UE Registerswith GC Applicationand triggers unicast distribution

14.UE detects TMGI is 

supported in Cell and 

uses BCAST DL

3. GC group to TMGI mapping acquired 

and service area boundary cell ID’s 

known

8.Group Communication Multicast Trafficusing eMBMS

Group Communication App. uses

eMBMS bearers for DL

Group Communication App. uses

eMBMS bearers for DL

PCRF BMSC

GC

Application

EPS

9. UE turns GC 

application on 

12. DL/UL bearer Establishment via PCRF

13.DL Group Communication UNICAST Trafficvia PGW

15.UE requests GC app. To remove unicast leg for its IP address

16. DL bearer Revocation via PCRF

14.DL Group CommunicationMulticast Trafficvia BMSC


Figure 6.5.2.1 - the UE initiates an application and eventually uses MBMS

In this Figure 6.5.2.1, the application is shown to set up the broadcast transmission path for the group communication distribution, by interacting with the BMSC. The BMSC provides the Application with a TMGI, used over the radio to identify the broadcast transmission for the Group communication, and optionally a list of Cell ID’s at the boundary of the service area of the broadcast communications. At this point the application has:

1) The mapping of the multicast IP address used for group communication and the TMGI

2) A list of cells at the boundary of the broadcast service area.

With this, the application can start sending DL data to the EPS via the BMSC over the Sgc-U interface. This interface is simply a user plane interface and the only way the GC application interacts with the BMSC is by providing the Multicast address in the IP packets it sends. So, it is really a purely user plane interface.

In step 9 the UE is powered on and it registers on the user plane with the application server for the group communication, using protocols and procedures outside 3GPP scope. As part of these procedures, at step 11 the UE obtains the TMGI of the used for broadcast communications, and optionally a list of the cells it is required to report to the application upon entering and exiting.

For sake of argument we suppose the UE was not in coverage area where the Broadcast communication was available, so the application server was triggered to send DL packets using a DL bearer it can establish via the PCRF (if a dedicated bearer was required, otherwise the UE shall receive the DL traffic on the default bearer already available).

Upon mobility, the UE enters a cell where broadcast transmission of the TMGI provided to it by the GC application is available. So at that stage the UE decides to join the broadcast distribution and asks the network to release distribution via its unicast IP address.

Using similar approaches, the flow in the figure 6.5.2.2 here below describes the switching between broadcast and unicast mode, based solely on TMGI detection in the cell.
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Figure 6.5.2.2  - the UE switches from broadcast to unicast and vice-versa.

 The detection of loss of TMGI is an event that can potentially cause disruption of communication. Unlike in the case where the UE is using unicast traffic and then it switched to eMBMS, there is potentially a time interval (up to 5-10 second in the worst case) where the UE may lose the DL data. This may not be too critical in certain application, but in some others it could be critical. Therefore a potential optimization is based on the UE detecting the boundary of a service area beyond which the TMGI is not offered. This is via a cell ID list provisioned on the UE or provided at registration time (or downloaded in the UE upon registration triggering it).  This list may also be updated dynamically or also broadcasted on the MBMS channel specific to an application.

If the UE was using MBMS and arrives at a cell in the boundary list, as it triggers the application to assist it in whether it should switch to unicast or not, it may take decisions to proactively switch to unicast. Also, the UE notifies the application when it leaves the cell and whether it moves to a cell with TMGI support or not. The application, based on consideration related to load from this cell (maybe also based on counting the number of UE’s that triggered the assistance and have not yet updated the application they have left the boundary cell, but also maybe based on cell congestion feedback from the PCRF - if any was available after the UPCON work is complete), criticality of not losing data in DL, and other possible criteria related to the specific application, could decide to hint or request the UE to switch to unicast while it is still receiving the broadcast data. Here is an example flow in figure 6.5.2.3:
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Figure 6.5.2.3  - the UE switches from Broadcast to Unicast and vice-versa using application assistance.

The amount of messages required when the applications provide more intelligence in switching is greater, however the advantage is that the decision to switch to unicast/broadcast is controlled by the application. If the application server is also shared by many applications, it allows coordinated decisions for multiple applications. It should also be noted the UE may take unilateral decisions in the direction unicast- broadcast if network control was not necessary in this direction, but still the need to update the GC application on this decision would be relevant to keep accounting of the number of users in a cell.

6.5.3
Impact on existing entities and interfaces
This solution has minimal impact on the existing system:

The only impact identified is that the interface between the BMSC and GC applications needs to be standardised

6.5.4
Solution evaluation

Editor’s Note: The fulfilment of requirements in section 4.2 needs will be evaluated. 
�Curt, please add as editor a reference to this spec in reference section if it is not there.
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