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Introduction

This document presents an overview of the Synchronous Ethernet technology, which is currently being specified by the ITU-T.
Synchronous Ethernet distributes frequency at layer 1 (physical layer). It synchronizes the physical layer line-coding signals or bit stream of Ethernet links such as Fast Ethernet, Gigabit Ethernet and 10GE. The frequency is distributed in a point-to-point fashion. Synchronization at the physical layer is not new, and leverages well-known principles and experiences gained in SONET/SDH networks. Synchronous Ethernet provides Network Synchronization.

The following discussion shows the basic principal of the Synchronous Ethernet and its application in an IP/Ethernet network. 

Discussion

Synchronous Ethernet provides point-to-point frequency distribution of timing signals in Ethernet environments. It synchronizes the Ethernet physical layer line coding (or bit stream) as is currently done in SONET/SDH and retains SONET/SDH network synchronization principles and guidelines. Figure 1 presents the difference between packet-based timing (e.g., IEEE1588) and physical layer timing (e.g., Synchronous Ethernet). In the packet-based timing (left figure) the frequency or timing reference is transported via packets, while in the physical-based (right figure) the frequency or timing reference is transported via the physical layer.
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Fig.1: Synchronization via the higher layer or via the physical layer

Synchronous Ethernet uses carrier-grade telecom-quality clocks (e.g., Stratum3, SDH equipment clock) into Ethernet switches. Synchronous Ethernet is currently being specified by ITU [1] Synchronous Ethernet can easily meet any established PDH/SDH synchronization interface requirements [2,3,4] for jitter and wander independent of any traffic payload or packet network impairments (e.g., delay, delay variation, loss, etc.). Synchronous Ethernet provides PRC-traceability [5].

Figure 2 shows how a timing reference can be propagated between two Ethernet network elements. The IEEE 802.3 standard specifies that oscillators used to drive the Ethernet physical layer today have a frequency deviation of no more than +/- 100 parts-per-million for 100 BASE-TX links (for instance). However, nowhere in the standard does it say that this signal could not be accurate to “0 parts-per-million”, or traceable to a Primary Reference Clock. The implementation of Synchronous Ethernet does not change the IEEE 802.3 architecture and is conformant with IEEE 802.3 specifications.
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Fig.2 Synchronous Ethernet timing flows
The Synchronous Ethernet can be used in a variety of applications such as:

· Network timing distribution (migration from SDH/SONET)

· Interworking with PDH/SDH/Ethernet microwave radios synchronization

· Enable time distribution & synchronization over Ethernet

· GSM & UMTS wireless backhaul (timing reference for the air interface)
· Interworking with Layer 2+ adaptive timing techniques or IEEE1588
Figure 3 presents a network synchronization view and the applicability of Synchronous Ethernet for network timing distribution into various network elements but also the interworking with packet-based timing techniques such as IEEE1588.
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Fig.3: Synchronous Ethernet applications

Conclusion 

The Synchronous Ethernet is a frequency, Network Synchronisation method, for packet-environments using Ethernet. This method is an interesting alternative to other methods already discussed for LTE synchronisation that can be used for frequency distribution, and in particular the packet-based timing approaches (e.g., IEEE 1588 has been mentioned, but also NTP) [6, 7].  

According to the previous discussion in RAN3 and the fact that “As no single method can cover all E-UTRAN applications”, it is proposed to RAN3 to clarify the interest of the frequency synchronisation method for the LTE network synchronisation.

The document R3-071398, “Text proposal for frequency synchronization in LTE” [8] proposes to modify the current TS 36.300 Synchronisation definition in this sense.
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