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1. Introduction

In RAN3#53 there was active discussions about eMBMS requirements and architecture options. In this contribution we summarise the discussions during RAN3 #53 in the form of a text proposal to be included in the RAN 3 TR.
2. Text Proposal
6.19
MBMS in LTE

6.19.1 Introduction

In order to achieve any significant performance improvement over existing Rel. 6 MBMS it is considered that a “Single Frequency Network” or SFN operation is essential. 

With SFN operation, the same MBMS content is transmitted as the same signal from all eNB in the cell supporting MBMS at the same time, which allows for highly efficient RF combining of the received signals at the terminal. Thus SFN operation implies content synchronisation of all eNB transmitting an MBMS service within an MBMS deployment area within the cyclic prefix length of a few microseconds. 

Since the SFN reception is transparent to the terminal, increased synchronisation requirement should be imposed in designing E-UTRAN. These synchronisation requirements are defined in the following section.
6.19.2 Synchronisation Requirement

In order to have MBMS Multi-cell transmission in SFN area to facilitate RF Combining with the aim to improve the performance at cell boundaries three different levels of synchronisation is required.
1) Physical layer frame timing synchronization

The physical frame timing of each eNB in SFN area should be strictly aligned at the start of each frame to guarantee the physical layer framing time synchronization. The precision requirement is in microsecond level.

2) L2 content transmission synchronization

The same content of an MBMS service should be transmitted at the same time by each eNB in SFN area to guarantee that the same content can be combined in time at the UE. 
3) Resource block allocation synchronization

The physical resource block allocation pattern in each TTI should be coincident for all eNBs in SFN area to guarantee that the same resource block is used for the same MBMS service data in different eNBs.
The following figure shows an example of these three levels of synchronization 
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Figure6.19.1.: Three levels of synchronization requirements for MBMS RF combining in LTE SFN
These synchronisation requirement would in turn need the following types of synchronisation

6.19.2.1 Node Synchronisation 
Five methods of achieving the required E-NodeB Synchronisation have been considered:

1. Absolute Time Reference (e.g. GPS): The signal transmitted by a Global Positioning System (GPS) satellite indicates the GPS time that provides an absolute time reference. This makes the GPS receiver suitable for Inter Node B Node Synchronisation.
2. External synchronisation Ports : A standardized interface is defined to take in an external clock source and to have eNode B input and an output synchronisation ports that can be used for Inter eNode B Node Synchronisation. The input synchronisation port allows the eNode B to be synchronised to an external reference (e.g. GPS), while the output synchronisation port allows the Node B to synchronise directly another Node B
3. Ethernet IEEE 1588 : The IEEE 588 clock synchronization protocol in Ethernet could be employed. It has been well known that this can achieve the accuracy within several microseconds
4. UE Measurements: Air interface methods such as UE measured time of arrival measurements between 2 neighbour cells may be used to provide measurements in the setting of clocks.
5. NodeB-NodeB measurements: Measurements made between Node Bs on scheduled bursts on air interface, the RACH timeslot with the neighbour cell(s) reading and reporting the time difference may be used to provide measurements in the setting of clocks.
Out of these methods, method 1,2 and 3 could be considered for further studies.
6.19.2.2 Content Synchronisation 
For achieving L2 content transmission synchronization it is necessary to have a mechanism to determine the waiting time for different eNBs after receiving the MBMS data packet from aGW and at what time all the eNBs transmit the same MBMS data frame simultaneously. Following methods have been considered

1. Transport Channel Synchronisation: 
2. Absolute Time Reference (e.g GPS)
Feasibility of applying the Transport Channel Synchronisation is high if the nodes are kept synchronised through external clocking.

6.19.3 Possible SFN Deployment
There are 3 possibilities of deploying SFN are shown if Figures below

1   As “a subset of sites within a geographic area”
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Figure 6.19.2.: LTE SFN Area as a subset of sites within geographic area
2 As overlapping areas
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Figure 6.19.3.: LTE SFN Area as a overlapping area
3 As a single SFN that cover e.g. the whole country
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Figure 6.194.: LTE SFN Area covering single large geographic region
It is necessary to consider these SFN configurations when design the eMBMS architecture for LTE.

6.19.4 eMBMS Architecture

While deciding about the architecture for eMBMS following aspects that need to be considered are  

1 Where to place the L2 Synchronisation functions –aGW or master eNB or distributed among eNB or placed in a central node

2 Where RRM Functions can be placed – distributed in eNB or placed in the central node

3 Can the L2 Synchronisation and RRM functions be co-located

In order to transmit the same MBMS content (L2 Synchronisation) to the eNBs for SFN operationl, it may be beneficial to introduce a central function entity called Central eMBMS Functional entity in the eMBMS architecture. In this Central eMBMS Functional entity may also have RRM functions co located with L2 Synchronisation functions which is FFS. 

Since the distributed RRM schemes for eMBMS seems to involve excessive signalling, it is FFS if it required to have a Central eMBMS functional entity as a separate node for eMBMS with the aim to co-locate the RRM and L2 synchronisation function as shown in Figure below
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Figure 6.19.5.: eMBMS Architecture with Logical Central eMBMS functional entity
3. Conclusion
In this contribution we attempt to summarise the discussions that took place in RAN 3 #53  in the form of a Text proposal and propose that it be included in the discussion section of the RAN 3 TR to be taken as the basis for further studies. 
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