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0 Abbreviations

	E-MBMS
	Evolved Multicast Broadcast Multimedia Services

	eNB
	Evolved Node B

	E-UTRAN
	Evolved UMTS Terrestrial Radio Access Network

	GNSS
	Global Navigation Satellite System

	GPS
	Global Positioning System

	OFDM
	Orthogonal Frequency Division Multiplexing

	SFN
	Single Frequency Network

	UE
	User Equipment


1 Introduction

According to [1] R3-060866 LS on SFN operation for E-MBMS (submitted by RAN1 as R1-061603), for a significant performance improvement of MBMS in E-UTRAN, synchronisation of all base stations transmitting an MBMS service within an MBMS deployment area to within the cyclic prefix length of a few microseconds is needed. This implies an SFN operation for MBMS, as seen by the UE receiver for the received MBMS base stations. 
This paper mentions diverse techniques for the accurate synchronization of radio network sites, and proposes the choice of any of them as a vendor -specific issue. In 3GPP and for standardization purposes, it should be sufficient with the definition of a logical input port at the eNB at which a synchronized clock with sufficient accuracy will be provided for the purpose of supporting SFN operation for E-MBMS. 
A feedback to RAN1, in the form of an LS reply, is needed in order to ensure the correctness of our understanding and report our conclusion and further steps.
2 Exposition
2.1 Requirements
SFN operation shall enable soft (or selective) macrodiversity combining at the UE. Figure 1 illustrates how MBMS reception is enabled as the combination of signals (S1, S2 or S3) from different sites.
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Figure 1: E-MBMS SFN operation and signal combining areas

The transmitting sites shall synchronize their signals with an accuracy below the cyclic prefix length, equivalent to a few microseconds, in order to enable macrodiversity combination at the UE.
2.2 Discussion on synchronization techniques
There are a series of techniques for enabling synchronization between sites, mentioned here for illustration purposes,

2.2.1 Network –provided synchronization

A transport network designed under tight constraints of clock distribution and synchronization and linking the intended sites will reach the necessary accuracy. For this purpose, the recent standard IEEE 1588 ([1]) can be used. This standard coordinates a series of clocks present in the network in order to obtain synchronization between them, and reaches high levels of accuracy of at least a few microseconds depending on different factors, 

· accuracy of the clocks under use
· transmission jitter

· symmetry of transmission link between synchronized nodes

This synchronization function will be supported in specific network switches and will be a further network service available to operators.
2.2.2 Synchronization from a common satellite signal

The reception at the intended sites of the synchronization signal coming from a GNSS (e.g. GPS, Galileo) will provide sufficient accuracy and enable SFN. 

This requires additional dedicated equipment for the reception of the satellite signal, and this reception is hindered in case of indoor equipment.
2.2.3 UE assisted Air interface signals synchronization

There are synchronization methods of network radio nodes over the air interface, assisted by the UEs, available, such as the one presented in [3]. Synchronization can actually be achieved without involvement of the network, at the inevitable cost of radio resources.
2.3 Recommendation

Accurate synchronization between radio transmission sites can be reached with a series of different techniques, each of them suiting better to particular deployment strategies, and therefore SFN conditions can be met as required. No additional specifications are required for any of the identified techniques.

For E-UTRAN standardization purposes, it seems convenient to define an optional, logical port at the eNB, at which the synchronized clock signal will be available.
For proceeding purposes, in [4] section 6.1.2.1, a synchronization port (SYNC IN) had been defined for TDD purposes, the same handling is now suggested in LTE. 
2.4 E-MBMS from a subset of sites

It is also stated in [1] that “in some scenarios, where a separate carrier is used for MBMS, then a subset of sites within a geographic area with higher transmit power can be used for MBMS and then only this subset need to be synchronised”. This fact is enabled due to OFDM’s properties, and differs from the current situation in UTRAN’s W-CDMA. The use of a higher transmit power does not imply higher interference level towards communications in the same coverage area. In OFDM, isolation between different tones make it possible to use arbitrarily high power levels at a frequency sub-bands without interfering with others.
Figure 2 illustrates how in E-MBMS a given A eNB provides, on different OFDM frequency sub-bands or tones, user conventional communication services (Unicast cell A_u) and E_MBMS services, with higher power and, accordingly, bigger coverage.
In this manner, from the A site it is possible to provide MBMS services on areas usually covered by other eNBs, (e.g. B eNB in Figure 2). MBMS services would be therefore offered from a subset of eNBs, synchronized with each other, and covering areas usually served for conventional unicast services from other eNBs. As such, MBMS is offered through a layer overlapping another of cells providing conventional, Unicast services.
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Figure 2: E-MBMS Service from a subset of eNBs

Note that, in general, MBMS would be provided from non-contiguous eNBs. An X2 interface is in principle not required between these eNBs, unless it serves today not defined E-MBMS purposes.

The characteristics of offering MBMS services from such a subset are:

· Number of eNBs to be synchronized is reduced

· MBMS content is only provided to this subset of eNBs, leading to savings in transport resources if we compare against the scenario where each eNB providing MBMS would be getting the content from the network.

The E-MBMS layer with its high reach E-MBMS cells poses further questions such as,
· Highest reach of the MBMS cell coverage, UL limited or only DL limited?

· Offering simultaneously conventional Unicast and MBMS services 

3 Conclusion and Proposal

This paper outlines the requirements and consequences received as [1], and mentions different technical solutions which may fulfil it. It also outlines architectural consequences related to the existing E-MBMS approach. 

It is recommended to define an optional, logical input port at the eNB, at which will be provided a synchronized clock signal with sufficient accuracy for operating an SFN, without focusing on particular implementation techniques.
It is necessary to feedback to RAN1 the nature of our decision, confirming that synchronisation for the purpose of SFN is only needed at those sites providing MBMS, i.e. not at all E-NB sites of the network, but only a reduced set that is sufficient for the intended E-MBMS coverage.
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