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1 Introduction

This contribution highlights some proposed principles related to the support of MBMS services for the SAE/LTE architecture. The conclusions from this document aim at starting the discussion on how to provide broadcast/multicast services in SAE and we recommend to adopt those conclusions in the corresponding section of TR 23.882.

2 MBMS Aspects for Discussion

2.1 Architectural Assumptions

It is considered that there will be full mesh connectivity at least between the eNBs of one pool area and the MME(s)/UPE(s) assigned or controlling this pool area. It may be the case that this full connectivity is not available between the eNBs of one pool area and the controlling entities in another pool area.

In order to provide the Multicast Service Area with the MBMS service, one or more SAE multicast areas are configured according to the pool area boundary and/or MME/UPEs capability.
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Figure 1 Multicast Service Area and SAE multicast Areas Definition

The SAE multicast area can be as big as the size of a pool area in which there is full mesh connectivity between the core network elements and the eNBs. In addition the SAE multicast area can be defined by the operators as being smaller than the pool area, in order to deliver more localised versions of a service in a similar logic as described in [1] (or due to the capacity of the core network elements) and the complete Multicast Service Area will result in an area that may comprise one or more SAE multicast areas. The SAE multicast area is logically equivalent to the Rel-6 MBMS Service Area but adds more flexibility to the definition in Rel–6 [2] by taking into consideration the new architecture of the SAE/LTE system.

In other words, the Multicast Service Area is the sum of all SAE multicast areas offering the same service. (For clarification purposes, in the fig. 1, colours differentiate the different areas not different services)

2.2 User Data Handling
2.2.1 Single or Multiple UPEs Used for User Data Delivery
One objective of the design is to have the network architecture as common as possible for unicast and multicast services. For unicast or PTP services, the user data is handled by the UPE. Hence, it would be beneficial to utilize the UPE to handle user data for multicast services as well.

For user data delivery per SAE multicast area, there are two possible types of service configurations:
Distributed approach: service provisioning through multiple UPEs

If multiple UPEs provide the same service within one SAE multicast area, the same issues which exist in the Rel-6/7 MBMS system, utilising the Iu-flex interface, will exist and an eNB might receive U-plane establishment requests for the same service for multiple UPEs. Therefore, means to avoid duplicated MBMS bearer establishment (to the eNBs) are necessary. Moreover, it seems to be complicated to realize SFN operation with multiple multicast sources, i.e. UPEs.

Centralized approach: service provisioning through single UPE

By using a single UPE per service in the SAE multicast area, the MBMS bearer establishment procedure will be much simpler and it is possible, to some extent, to avoid the issues in the distributed approach. U-plane establishment/release for MBMS services is done between the single UPE and the appropriate set of eNBs. However, issues might remain, if there are overlapping pool areas defined. 

Conclusion: We propose that a single UPE is used for service provisioning per MBMS bearer service per SAE multicast area.

2.2.2 UPE Selection for Centralized Approach
There is the question about how can only one UPE be selected per MBMS bearer service per SAE multicast area in centralized approach. This could have two possible answers: statically or dynamically.

Static UPE selection

In the static approach it is foreseen that the UPE selection could be pre-configured via O&M for specific services.

In this case each configured UPE has to reserve resources for the MBMS bearer service at all time. For services that are permanently served by the network (e.g. mobile TV) this approach might apply well. However, configuration efforts might have to be taken into consideration depending on the number of MBMS bearer services of this nature.
Dynamic UPE selection

For dynamic selection, it is foreseen that the UPE selection will be performed on, e.g. workload of the UPEs, during service activation phase or at the service start phase.

With this approach there would be the need of signalling between MME/UPEs to know which UPE can handle the service and possibly which private IP multicast address will be used to serve the MBMS service (although the UPE can select/request the address by itself). Nevertheless, services that are dynamic by nature (e.g. PoC over MBMS or gaming) may need to be handled with this dynamic approach, because it would be impractical to statically reserve resources if it is not used constantly.

Conclusion: At earlier deployment scenarios, for services such as Mobile TV, a static approach for the selection of UPE might be sufficient. However, both approaches should be further studied, as the services progress in number and nature.

2.3 MBMS Service (De-)Activation Handling
For MBMS service activation and deactivation handling in a SAE multicast area, there are two possibilities also. These are:

Distributed approach: service (de-)activation is handled by multiple entities

In this approach the MMEs which are assigned to the UEs during the attach or during mobility procedures will also handle the MBMS service (de-)activation.

In case of this approach the UE only has to keep a single control connection to a single MME. Context and state information of both unicast and MBMS services related to that specific UE are kept at the same MME. 

Centralised approach: service (de-)activation is handled by single entity

This approach utilises a single MME (or multicast controller) per service in the SAE multicast area, for handling the MBMS service (de-)activation.

With this approach the number of signals used to (de-)activate the MBMS bearer service increases since there is the need to inform the central MME about the service (de-)activation of an UE and possibly to transfer the MBMS UE context from the MME to which the UE is attached to that central MME.
Conclusion: The MME that is assigned during the attach procedure or during the UE mobility procedure will handle MBMS service (de-)activation.
2.4 Session Start/Stop Handling per SAE Multicast Area

Together with service activation and de-activation, the session start and stop procedures have been studied to find out which entity should be in better position to handle these. There are again two possibilities for these processes. The first possibility maintains a clear separation of control and user planes nodes functionality, which means that the MME sends the session start/stop messages. The second possibility allows for a separation of UE-related (service (de-)activation) and service-related (session start/stop) control procedures for MBMS services, which means that the UPE sends the start/stop messages. Each of these possibilities has their advantages and disadvantages.

MME sends start/stop message
The advantage of having the MME to send these session messages is that it will keep control functionality placed in just a single node allowing it to scale independently of the service capacity of the user plane node.
On the other hand, this option will require that the BM-SC send the session start/stop message to the possible several MMEs to which the UEs are attached. Depending on the location and distribution of the UEs in the SAE multicast area, there may be the case that an eNB could receive two or more times the session start/stop message for a determined MBMS service session. This will require that the eNBs have some mechanism to either acknowledge these messages to the MMEs or to allow the eNB to silently discard duplicated messages. 

UPE sends start/stop message

The advantage of having the UPE to send the session start/stop message is that the BM-SC will send only one session start/stop message to a single entity, and the eNBs will receive only one session start/stop message from this single UPE handling the service as proposed in 2.2.1. Therefore, it leads to the reduction of number of signals and simplicity of the operations. 

On the other hand, a disadvantage that we foresee with this approach is that the user plane entity (UPE) will need to possess some specific MBMS control functionality and this means not having a clear control and user plane separation approach.

Conclusion: Our preferred approach is to go for the option in which there is clear advantage in the number of signals and simplicity of the operations, hence we propose that the UPE handles the session start/stop messages for MBMS services

2.5 Transport Network Resources
It is very important to consider the transport network resources in the backhaul section of the network when we design the multicast services architecture. Here there are two alternatives to use, which are: IP-based multicast routing or dedicated tunnels between the UPE and the eNBs.

Dedicated tunnel to each eNB

The processing load of UPE and backhaul utilization is higher compared with an IP multicast routing since at least one tunnel is required per each eNB requiring the service

Utilization of IP multicast routing for the backhaul

The gain of the IP multicast routing in the transport network is obvious. With this method, the user data packets are transmitted only once between the UPE and intermediate nodes in between, and the downlink node copies the data packets to all the interfaces connecting to lower nodes that have joined the service.
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Figure 2 Transport Methods in the Backhaul Network

Establishment of MBMS delivery tree is triggered by the session start message and eNBs that join the service will send an IGMP/MLD to the private IP multicast group to become members of the group and receive packets addressed to the private IP multicast address used for transport.
Conclusion: The use of IP multicast routing for the backhaul network between the UPE and eNBs should be adopted since it provides clear capacity benefits over dedicated tunnels.

3 Conclusions & Proposal

The items covered in each of the sections have presented clear design considerations and their comparison, hence we would like to propose that the conclusions enumerated in sections 2.1 to 2.5 are included in the appropriate section of TR 23.882.
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