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1 Introduction

This paper discusses the E-MBMS architecture, covering the main factors that influence the architecture i.e. Transmission modes & dynamic control, Prioritisation ico UE capability limitations, Service information distribution, MCCH transmission, PTP design, Security, Repair and recovery mechanisms.

Our preference is to design an MBMS architecture that operates to a large extent independent from unicast. The need to support PTP (as well as the actual design this mode, if needed) seems to be a crucial factor affecting this independence. Hence, the support of PTP should be decided after careful consideration.

The document concludes with a high level overview of the functional allocation.

2 Discussion
2.1 Transmission modes & associated control
2.1.1 Dynamic transmisssion mode control
The following figure shows the MBMS transmission modes that are currently considered: PTM-MC (SFN), PTM-SC, PTP. As mentioned before, it would be preferable if PTP mode could be avoided.
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Fig. 1 MBMS transmission modes
Considerations:

· It seems that dynamic control of the PTM-MC (SFN) area is considered desirable. This may involve a significant amount of complexity i.e. especially when dynamic MCS/ power control is included
· It has been suggested that change from PTM-MC (SFN) to/ from PTM-SC mode is desirable. It is expected that this involves a higher amount of complexity, since this change involves moving the ‘centre of control’ from MCE to eNB (or vice versa)
· PTM-MC (SFN) mode has a significant gain i.e. roughly a factor of 16 in terms of power. On the other hand, there is a cost in terms of resources i.e. resources are used/ reserved in more cells than needed to cover a particular area.

· It is expected that single cell transmission is predominantly used for services that are really localised in nature e.g. local advertisements. For these localised services, switching to multi-cell transmission may not be applicable

· As mentioned before, it would be desirable to avoid PTP. However, if PTM-SC, possibly with uplink feedback, can not achieve a somewhat comparable efficiency, it may be difficult to avoid PTP. Further RAN1 input is required to conclude this assessment

Proposals:
· The E-MBMS architecture should provide support for Dynamic control of the PTM-MC (SFN) area and for Change from PTM-MC (SFN) to/ from PTM-SC mode.

· Nevertheless, it is desirable to defer some of the complexities (e.g. Dynamic MCS control), especially those not affecting the radio interface, to a later release. 
2.1.2 Architectural considerations

Considerations:

· The transmission mode decision is a RAN related issue and hence the BM-SC should not play a role

· The set of applicable transmission modes may be specific to an area and is hence best configured within the MCE

· For single cell transmissions, the MCE plays no role other than possibly distributing the control information (e.g. session starts)

· It may be beneficial for the MCE to have an overview of all ongoing MBMS sessions

· For multi cell transmissions, the ‘MBMS Distribution Entity’ (MDE) is assumed to include a octet based sequence number marking the relative scheduling of a packed within the radio resources used for one SFN area
· If the MCE decides the transmission mode to be used, it has to indicate which sessions are multiplexed to an SFN resource and the data rate allocated for this SFN resource

· It seems possible to defer negotiation between BM-SC and MCE about the data rate for a service (upon start as well during a session i.e. congestion related), assuming UE operation is not affected
Proposals:

· The BM-SC indicates the service type: broadcast (BC), enhanced broadcst (eBC)

· The MCE decides whether or not PTM-MC mode is used, possibly based on a configured set of applicable transmission modes and possibly based on some kind of ‘counting’. In case PTM-MC is not used, the eNB decides between PTM-SC and PTP (if required)
· The MCE indicates to the MDE which sessions are multiplexed to an SFN resource and the data rate allocated for this SFN resource

· The BM-SC controls the data rate that is used i.e. there is neither negotiation with the MCE nor rate adaptation during a session
2.1.3 Main design choices
UE context vs. recounting

It seems that there are two main types of solutions for dynamic control of the independent mode:
· Uu linking/ MBMS specific UE context: for (part of the) Ues the network maintains an MBMS specific context i.e. which services the UE is interested to receive. The UE context could possibly also  include information on service priorities and session reception status. Procedures are defined to ensure the MBMS context remains up to date e.g. i.c.o. service changes and UE mobility
· Periodic re-counting: Periodically the network performs a ‘counting’ procedure, after which it decides the 
ndependentl mode and its characteristics. The interval to the next ‘counting’ procedure could either be constant, or depend on the number of ‘counting’ responses.

Considerations:

· The Uu linking approach introduces a coupling between MBMS and unicast, assuming that the approach involves bringing a (limited number of) Ues in connected mode for MBMS reception. Furthermore, this approach requires mechanisms for keeping the MBMS context up to date e.g. i.c.o. service changes and UE mobility
Proposals:

· Adopt periodic re-counting as working assumption, unless it is proven this approach can not meet essential requirements
PTP design

In UTRA, PTP is provided using the regular procedures for unicast i.e. a secure RRC connection is established with mobility is network controlled. In order to keep MBMS independent, such a approach does not seem desirable. Hence, a solution in which there is no secure RRC connection, no (unicast) UE context and no network controlled mobility has been suggested.

Considerations:

· The solution involves the introduction of a significant amount of additional complexity:

· The introduction of an additional state, as well as 4 additional state transitions

· Assuming that only PTP transfer is allowed in this (insecure) state, the solution also implies that the MBMS bearers are distinct from other SAE bearers

· The PTP transfer in this state may differ from the PTP transfer in the regular RRC connected state

Proposal:

· A complicated PTP solution should be avoided, especially in case there is does not bring a significantly better efficiency compared to PTM-SC, possibly with uplink feedback

2.2 Service information distribution

The service information may represent a significant overhead for less popular MBMS services in which a limited number of UEs are interested. This concern applies both for the network and the radio interface(s).

Within the network

Considerations:

· One can question if there is need to introduce optimisations for services with rather sparse UE distributions i.e. it would be good to first clarify to what extend MBMS is applicable for such types of services
Proposal:

· As a starting, the proposal is that service availability information (session start messages) is provided to all eNBs in the service area i.e. even when there are no UEs present in the area

On the radio

The following approaches are considered:

· MCCH indicates available services regularly (UTRA enhanced broadcast): The MCCH in all applicable cells indicates the available sessions of the concerned services. This approach is suitable for areas in which the density of interested users is high

· MCCH indicates available services infrequently: In order to avoid MCCH transmission in cells in which there is no UE, MCCH does not list all available services. UEs may either be instructed to request provision of a service that is not indicated on MCCH, or to wait with this request until noting the service. This mode is suitable for areas in which the density of interested users is low
· MCCH never indicates available services (PLMN wide): For services that are available PLMN wide, service availability need not be indicated on MCCH i.e. if MCCH does not indicate that a ptm bearer is provided for a PLMN wide service the UE knows it has to request PTP
Considerations:

· As indicated above (i.e. in the section on ‘Within the network’)
Proposal:

· For services that are available PLMN wide, service availability is not indicated on MCCH i.e. if MCCH does not indicate that a ptm bearer is provided for a PLMN wide service the UE knows it has to issue a PTP request
· Furthermore, one service could indicate availability of an entire group e.g. a Mobile TV package

2.3 MCCH transmission
For the MBMS control information the transmission modes apply: PTM-MC (SFN), PTM-SC. It seems natural to assume that the control information applies PTM-MC (MBSFN) transmission mode if that mode is used for the corresponding user data and PTM-SC mode otherwise. This means that the UE may have to receive several MCCHs.
Considerations:

· From a signalling overhead perspective it to transmit the control information in the same radio efficient manner as the user data

· It may be easier to ensure consistent coverage for control and user data when using the same transmission mode.

· Not only service prioritisation but also UE power consumption will benefit from having a single message providing information about all available services (as we have today). Moreover, use of multiple MCCHs may increase UE reception complexity
Proposals:

· Take the working assumption to apply MBSFN transmission for the control information associated with the services using SFN transmission

2.4 Security considerations/ post verification

In case MBMS is kept as independent from unicast as proposed, the network is unable to validate which Ues are triggering MBMS PTM transmission (i.e. no NAS identity is exchanged in a protected manner during periodic re-counting). The associated security threat is that a UE that is not authorised to receive the MBMS service may trigger p-t-m transmission while p-t-p transfer mode is most optimal

Considerations:

· An unauthorised UE is unable to receive the MBMS service due to the application layer ciphering, hence the above threats fall in the category of ‘Denial of Service’

· There seem to be much easier DoS attacks e.g. RF jamming

Proposal

· Security mechanisms to prevent unjustified PTM transmissions are not essential

2.5 Prioritisation ico UE capability limitations
In case the UE is unable to receive PTM and unicast simultaneously due to capability limitations, a service prioritisation may need to be performed. This may either be performed by the UE or the network:

· UE centric: the UE decides which services to receive, taking into accounts the user’s priorities and the reception status of repeated sessions. The UE may stop receiving services lower priority services unilaterally (PTM) or via upper layer signalling (unicast).

· Network centric: to enable to take the correct decision, the network needs to know the PTM reception capabilities of all connected mode Ues, the service priorities and the reception status of sessions using repetition
Considerations:
· The UE centric approach, as used in UTRA, places the coordination between MBMS and unicast within the UE rather than the network i.e. allowing the network to operate the services more 
ndependently
Proposals:

· Adopt the UE centric approach as working assumption

2.6 Need for repair and recovery mechanisms

Service interruption may occur in a variety of different cases, some of which are AS- specific e.g. interruption due to UE mobility.
Considerations

· It is currently unclear how the AS- related service interruption cases compare with other cases e.g. considering the reduced latencies

· Considering that there may be several ‘service interruption’ cases, it may be desirable to develop some general ‘interruption recovery’ mechanism e.g. using repetition or some for of feedback based re-play.
Proposals
· The need for AS- base mechanism to reduce service interruption in specific scenarios should be decided after considering all possible service interruption cases as well as recovery mechanisms in other layers

2.7 Architecture

Following the discussion on the above points, this section tries to discuss, clarify and summarise the resulting MBMS architecture i.e. which functions are allocated to the MCE, the MBMS UPE and the eNB as well as what are the main interactions between the logical entities
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Fig. 2 MBMS architecture
Considerations

· Both MCE and MDE need to have a coordinated view of which sessions share the same set of radio resources (i.e. belong to the same SFN area). The MCE is assumed to perform the coordinating role, which is needed to support dynamic SFN areas
· Even if only one MBMS service is using a set of radio resources, it is assumed that the MCE informs the MDE about the resulting data rate that can be provided for this service. The MDE scheduler should take this rate into account

Proposals

· ‘MBMS Distribution Entity’ (MDE) is proposed as an alternative name for the MBMS UPE logical entity

The following table provides a first high level overview of the functional allocation.

	Function
	eNB
	MCE
	MDE
	BM-SC
	Comment

	Indication of service type (BC, eBC)
	
	
	
	+
	

	Transmission mode decision
	+
	+
	
	
	MCE decides PTM-MC vs PTM-SC. eNB decides PTM-SC vs PTP

	Dynamic control of SFN area
	+
	+
	+
	
	MCE decides the MBSFN area, with eNB counting support. MCE informs the eNBs of changes

	Dynamic control of MCS (FFS)
	+
	+
	
	
	MCE decides the MCS, with eNB feedback support

	User data distribution, PTM-MC 
	+
	
	
	
	

	User data distribution, PTM-SC, PTP
	+
	
	
	
	

	Control information distribution
	+
	+
	
	+
	MDE need not be involved i.e. no need for logical channel multiplexing of MCCH and MTCH

	User data synchronisation
	
	+
	+
	
	MCE indicates which services are mapped on resources used for an SFN area. MDE allocates byte based SN accordingly

	Service prioritisation e.g. ico UE capability limitation
	
	
	
	
	UE is responsible

	Security
	
	
	
	
	Only application level security

	Data repair and recovery
	
	
	
	
	FFS


Tab. 1 MBMS functional allocation
The identification of which procedures are needed at the different interfaces is considered to be the following step.

3 Conclusion & recommendation
In this contribution we have discussed the main factors that influence the E-MBMS architecture. In our opinion, it is preferrable to keep the MBMS architectural as much as possible independent from unicast.

True indpendance seems difficult to achieve in cast PTP needs to be supported. From this perspective, it would be preferable if PTP could be avoided. True independence also requires that the MBMS reception capability is completely independent of the unicast reception capability. Furthermore, true independence also means avoiding an MBMS specific UE context in the eNB/ MCE i.e. avoiding to bring a (limited number of) UEs in connected mode for MBMS reception.
In our opinion, the need to support PTP is one of the crucial factors and hence it should be decided after careful consideration. Finally, our analysis has resulted in a first high level overview of the E-MBMS architecture.
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