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1. Introduction

As part of RAN3#59 meeting in Sorrento, RAN3 agreed on frequency synchronization requirements in case of TDM interface to support the S1 interface [7]. TS36.401 was updated accordingly. Specification of frequency synchronization requirements at eNodeB input is fully under RAN3 responsibility as reminded in [5]. However, the agreed text refers to UMTS specification, which is not really satisfying in terms of specification for LTE. Thus, the first goal of the current contribution is to clarify the existing requirement for TDM interface.
In addition, it is very likely that in many cases eNodeB will not be connected to EPS via TDM interface, but via Ethernet one. In that case, specific synchronization methods can be applied either physical layer solutions (e.g. Synchronous Ethernet) or packet-based solutions (e.g. NTP, IEEE1588v2) to provide a frequency synchronization reference to eNodeB. It is agreed in 3GPP not to specify any method or technique to provide frequency and phase requirements and this contribution does not challenge this approach.
In [6], ITU-T mentioned that recommendations on Synchronous Ethernet technology were now fully completed. Thus, accurate frequency synchronization requirements can now be defined at eNodeB input to ensure a 0.05ppm frequency synchronization reference can be provided on the radio interface, as specified by RAN4 in May 2007. 

To that respect, the second goal of the current contribution is to introduce a frequency synchronization requirement at eNodeB input in case Synchronous Ethernet is used to deliver frequency synchronization to eNodeB. 
2. Clarification of the requirement in case of TDM interface

TS36.401 was updated as follows as part of RAN3#59 meeting:

"Note: When eNB is connected via TDM interfaces, these could be used to synchronize frequency the eNB. The characteristics of these interfaces are described in 25.411."
It was mentioned during the meeting that an explicit reference to UMTS specifications within LTE specifications was not satisfying. A simple solution to solve this issue consists of mentioning explicitly the characteristics TDM interface has to comply with in case it provides frequency synchronization to eNodeB. RAN3 approved already these characteristics for UMTS in August 2007 based on [4]. As the frequency synchronization requirements on the radio interface are similar for both UMTS and LTE systems, the agreed text for UMTS is valid also for LTE.
3. Introduction to Synchronous Ethernet [1]
Synchronous Ethernet is a frequency network synchronization method. For the time being, Synchronous Ethernet has not provided any phase synchronization. Thus, it addresses the case where eNodeB does not require any phase synchronization (required for MBSFN and TDD).

Synchronous Ethernet distributes frequency at the physical layer. Synchronization at the physical layer is not new, and leverages well-known principles, engineering rules and experiences gained in SONET/SDH networks. Synchronous Ethernet provides point-to-point frequency distribution of timing signals in Ethernet environments. It synchronizes the physical layer line-coding signals or bit stream of Ethernet links such as Fast Ethernet, Gigabit Ethernet and 10GE.
Synchronous Ethernet is an interesting alternative to other methods already discussed for LTE synchronization that can be used for frequency distribution, and in particular the packet-based timing approaches (e.g. IEEE1588, NTP). Indeed, the frequency reference is transported via the physical layer and is not transported by packets. Thus, Synchronous Ethernet transports the frequency reference independently of any traffic payload or packet network impairments (e.g. delay, delay variation, loss, etc). That's why Synchronous Ethernet can easily meet any established PDH/SDH synchronization interface requirements for jitter and wander. Synchronous Ethernet provides also PRC-traceability. That's why Synchronous Ethernet is supposed to be an appropriate and reliable method for providing frequency reference to eNodeBs.

Synchronous Ethernet standardization has just been finalized by ITU. Q13/15 has recently consented three documents at last SG15 meeting (Geneva, February 2008):
· ITU-T Revised G.8261 - Timing and Synchronization aspects in Packet networks
· ITU-T G.8264 - Distribution of timing through packet networks
· ITU-T G.8262 Amendment - Timing characteristics of Synchronous Ethernet Equipment slave Clock (EEC)

The consent of these three Recommendations completes the work of Q13 on Synchronous Ethernet technology.

It should be noted that the new version of the Recommendation G.8261 defines network limits that can be applicable in case a base station would use a Synchronous Ethernet interface to receive a timing reference (see section 9.2.1/G.8261). The section defining these network limits in G.8261 should be referenced in the relevant 3GPP document.
3. Proposal
It is proposed to discuss the text proposal included in section 4, aiming at:

· clarifying the existing requirement in case eNB is connected via TDM interface,

· introducing a frequency synchronization requirement in TS36.401 in case Synchronous Ethernet is used to provide a synchronization reference to eNodeBs.
4. Text proposal for TS 36.401
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9
Synchronization

9.1
eNodeB Synchronisation
The eNB shall support a logical synchronization port for phase-, time- and/or frequency synchronisation.
Logical synchronisation port for phase- and time-synchronisation shall provide

a) accuracy that allows to meet the eNB requirements on maximum relative phase difference for all eNBs in synchronised TDD-unicast area and FDD/TDD-multicast MBSFN synchronisation area;

b) continuous time without leap seconds traceable to common time reference for all eNBs in synchronised TDD-unicast area and FDD/TDD-multicast MBSFN synchronisation area;
Furthermore common SFN initialisation time shall be provided for all eNBs in synchronised TDD-unicast area and FDD/TDD-multicast MBSFN synchronisation area.
Based on this information, the eNB may derive the SFN according to the following formula
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where

	Time
	time adjusted by the common SFN initialisation time, in units of 10ms to match the length of radio frame and accuracy accordingly;

	period(SFN)
	SFN period.


In case eNB is connected via TDM interface and this TDM interface is used to provide frequency synchronization to the eNB, the jitter and wander performance requirements on the interface shall be in accordance with network limits for output wander at traffic interfaces of either Reference [7], [8] or network limits for the maximum output jitter and wander at any hierarchical interface of Reference [9], whichever is applicable..
In case eNB is connected via Ethernet interface and Synchronous Ethernet is used to provide frequency synchronization to the eNB, the wander performance requirements on the interface shall be in accordance with network limits for output wander at EEC interfaces of Reference [10], defined in section 9.2.1/G.8261.
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