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1 Introduction 

The performance advantages of E-MBMS through macro diversity combining have been well documented.     In the absence of a centralised radio controlling node different E-MBMS architectural model must be looked at and this introduces some new issues and possibilities.  Solutions depend on the coordination of the radio resource management (RRM) function among cells for LTE.  The protocol for inter-RRM communication allows the RRM to hand shake with large groups of eNB in the flat e-UTRA architecture.  This contribution discusses the nature of E-MBMS services and solutions for supporting the E-MBMS service with performance gain through macro diversity combining.  

2 Discussion 

The flat e-UTRA architecture design requires scheduling coordination among e-NBs to achieve macro diversity combining gain at the UE   The scheduling coordination is achieved by defining the radio resource allocation strategies, such as resource blocks and allocations in the OFDMA, modulation and coding selection (MCS) and also  scheduling time. 

The contribution first looks at the requirements in terms of  nature of E-MBMS service and then at the possible solutions for E-MBMS data synchronisation.

2.1 Nature of E-MBMS services:

E-MBMS services have varying requirements.  They could be constant bit rate services with fixed packet sizes arriving at regular intervals.  Or they could be varying packet sizes arriving at fixed intervals.  Or they could arrive at varying intervals.  The duty cycle of the service could also vary quite widely.  For example, a periodic news or traffic update could be a varying size possibly packet  arriving once every 10 minutes or so.

At any given time, there may be multiple ongoing MBMS services.  The data from the different services may arrive simultaneously or could be spread over time.

Service area for MBMS services can also vary widely.  Mobile TV applications could have global service area while traffic information would have local service area.  In addition, MBMS data may not be sent in certain cells depending on the presence of MBMS users in cell (or neighbouring cells).

Another factor influencing the choice of solutions is the network sharing requirements.  Typically, one can expect that the different service providers have their own services; one can even envisage an MBMS only service provider on top of home network operators providing MBMS services themselves.

2.2 E-MBMS service delivery

Two aspects that must be considered to achieve synchronisation of the E-MBMS data are Resource allocation and data synchronisation across eNBs.  Resource allocation ensures the same resource blocks are reserved for an E-MBMS service across all the eNBs.  This must typically be done at least at start of the E-MBMS service. Or it could be pre-configured at some earlier point in time. 

Data synchronisation ensures that the E-MBMS data when it arrives is scheduled synchronously by all the eNBs.  Since it is not practical to co-ordinate between eNBs for every E-MBMS packet, some other synchronisation mechanism is required.

Unused configured E-MBMS resources can be used for unicast services as long as E-MBMS data is prioritised over unicast data in that E-MBMS data is always scheduled on data arrival or at the configured scheduling instants by all the eNBs.  This will ensure that all eNBs send the E-MBMS data simultaneously.  Such prioritisation of E-MBMS data over unicast could however mean that when an E-MBMS data arrives at an eNB, any HARQ retransmission of the unicast data must be scheduled at different resource blocks in favour of E-MBMS data.

2.3 Scheduling Strategies for E-MBMS services

Some possible architectural solutions for scheduling strategies are discussed starting with static pre-configuration of a pool of E-MBMS resources with the aGW as a centralised “scheduler”, to more dynamic distributed strategies.

2.3.1 Psuedo-Static pre-configuration of E-MBMS resources and use of aGW as the “Scheduler”

At its simplest, a pre-configured resource pool and scheduling policy is assigned for the different E-MBMS services.   The aGW “schedules” each E-MBMS data packet for the different E-MBMS services and following  the pre-defined scheduling policy.   An accurate time stamp on each packet could be used for synchronisation across the different eNBs. Alternatively, a super frame large enough to uniquely identify the TTI at which the data is to be sent could also be used.  Multiple E-MBMS services are coordinated based on the QoS requirements to be served in the time division manner to avoid the contention of the radio resource.  Scheduling of data must ensure that sufficient time has been provided for the data to reach the different eNBs from the aGW.

This simple model however has a couple of limitations:

· The aGW is a CN function and should not be involved in the RAN issues like scheduling. 

· Multiple aGWs may be required in case of network sharing and may also be motivated for redundancy purposes.  Multiple disjoint resource pools can be used for each aGW to overcome this at the expense of some flexibility in the scheduling of E-MBMS service.

· Such pre-configuration may need be revised depending on the number and nature of E-MBMS services that need to be supported and additional RRM mechanisms may be needed to support this anyway.  

· Some synchronisation of the aGW itself with the eNBs is required.   

2.3.2 Configuration of E-MBMS resources using RRM

Another alternative is to configure resource blocks for each E-MBMS service at the start of the E-MBMS service through inter-cell RRM and have the scheduling decision in the eNBs.    The scheduling strategies are communicated among eNBs through the protocol for inter-RRM communication for E-MBMS services and need to be agreed among all involved eNBs.  Once the strategies are agreed, the scheduler at each eNBs in the cluster (a cluster here is the set of eNBs in which the data is synchronised) allocates the configured radio resource blocks for the given E-MBMS ID.    With the assumption of common understanding in fully synchronized eNBs for LTE E-MBMS services, the synchronized scheduled transmission among eNBs would have macro diversity combining reception at the UE for optimal E-MBMS performance.   If no E-MBMS data is available at the configured time, the allocated resource blocks would be released for uni-cast data service.  The E-MBMS data are routed by the aGW to all eNBs in the cluster well advance of time of the scheduled time.

The resource allocation and scheduling co-ordination depends on the RRM policy and the nature of the E-MBMS service.   At one end, RRM schemes could use pre-configuration to help with the resource allocation and scheduling.  For example, each E-MBMS service that contain a set of data rates have predefined resource block allocations established at the start of the E-MBMS data session.  An  eNB acting as a “master”  could co-ordinate this allocation co-ordination.  The proposed scheduling coordination requires handshaking agreement among RRMs in the cluster through inter-RRM communication protocol.  The provisioned E-MBMS service will have prioritised radio resource allocation over unicast.  Thus, once the E-MBMS service is configured and initiated, the coordinated scheduling strategies would allow the resource allocation automatically without additional handshaking.  This kind of pre-provisioning is more suitable for E-MBMS services that have fixed data rate and inter-arrival time and need global synchronisation.  Time stamp of the E-MBMS packet will be required for E-MBMS services with varying data rates and inter-arrival time.

Alternatively, a coordinated RRM scheme can jointly optimize the cluster radio resource control by coordinating the decision of distributed RRM functions in the cluster.   Such scheduling co-ordination  is performed at the initialization of each E-MBMS service and is achieved using RRM communication protocol.  The scheduling coordination for the radio resource allocation strategies includes resource blocks and allocations in the OFDMA, modulation and coding selection (MCS) and  scheduling time as mentioned above for each E-MBMS service. However, the initial co-ordination process if it involves all eNBs in a network can get lengthy in time and inefficient.  This kind of coordination may be more suitable for localised E-MBMS services in which the synchronisation is limited to a smaller number of eNBs.  

3 Concluding Remarks

The contribution looked at some the fundamental mechanisms for radio resource management for E-MBMS when the RRM functions are distributed and minimal signalling is required in the LTE.  Coordination of the scheduling strategies among all eNBs in the cluster in order to achieve the macro diversity combining for E-MBMS are discussed.   The use of aGW as the “scheduler” and E-MBMS service specific resource allocation strategies using RRM communication protocol are discussed.  The choice of the mechanism depends on the RRM policy and the nature of the E-MBMS service.   It is proposed that the aGW as a CN node should not be involved in RAN scheduling decisions.
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