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Introduction

This book aims to de-mystify the overly complicated descriptions of OTN (optical transport networks). It takes the G.709 standard and distills it into digestible chunks that a mere mortal can consume. And with some perseverance understand.  It is not easy, but this book is aimed at everyone with an interest in optical transmission, from consultants that need a high-level overview to network operation center (NOC) technicians that have to monitor and manage these optical networks. 

The one thing we have strived to do is to deliver knowledge in a logical and consumable manner. There will be no sudden leaps from high-level descriptions into pages of mind boggling mathematical formula; this book strives to educate rather than to intimidate.

So if you are ready, let’s get started.


Chapter 1 – An Introduction to OTN

The past decade (2005 to 2015) has seen unprecedented growth in bandwidth demand and consumption. Service providers' were caught-out initially as they struggled to adjust their capacity planning forecasts, based upon three year forecasts (master plans) and they had to re-engineer their networks to cope. This seemingly insatiable demand for consumer bandwidth was driven by the proliferation of mobile devices, such as internet capable smartphones and tablets. However, these devices were only technically feasible due to the advances in radio technology in the mobile telephony and Wi-Fi focused sectors of industry. Furthermore, the ubiquitous presence of these consumer owned devices proliferated into the workplace through initiatives such as BYOD (bring your own device). Consequently, there was a blurring of the workplace boundaries with regards not just to time but also to location. IT had then to facilitate the availability of business applications around the clock and from anywhere. 

This trend towards 'IP mobility' resulted in IT strategically shifting applications out onto the cloud. This initiative freed IT from the responsibility of supporting on-premises servers and providing troublesome internet connectivity with the required reliability, performance and quality. This dependence on IP mobility led naturally to embracing software as a service (SaaS) whereby the vendor took the responsibility of hosting the application in the cloud and delivering it as a web-based application, in real time and transparently to the customer.   

These are only two of the disruptive technologies that have contributed to the vast growth in data consumption over the last few years. However, the data transport infrastructure does not have infinite capacity or the capability to handle such vast amounts of data. After all, there is only so much data a mobile operator can transport over their expensive and limited licensed radio spectrum, similarly the proliferation of Wi-Fi hot-spots, provides ubiquitous-access to consumer internet but that data has to be backhauled to some internet gateway. Additionally, outsourcing business applications to cloud service providers similarly shifts the burden of data delivery to the core backbone networks that interconnect all these diverse points of connectivity and this all requires transmission. 
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The problem was that the existing transmission, the underlying pipes that carry our data around the globe, were already creaking and groaning under the existing load, so how could they be expected to cope?

That was really a rhetorical question because we know now that the transmission providers shifted their emphasis from the well established and proven TDM (time division multiplexing) technologies to WDM, (wave division multiplexing) to address the shortage in capacity and transmission capability.  WDM proved to be a huge success and transmission rates soared from aggregated trunks and pipes of 2.5Gbps to single channels of 100Gbps in the span of only a few years – this was unbelievable progress.

However, as is always the case, it wasn't long before service providers started looking this particular gift-horse in the mouth. Their grievance – though thoroughly justified – was that they could not be expected to run their networks as black-boxes –they needed to be able to manage, support, provision, and report on the status of the network – after all they were selling bandwidth as a service. 

The source of the service providers’ chagrin was that WDM was an optical network but it was unlike the much loved SDH optical network which it was usurping. The difference was that SDH had inbuilt OAM&P (operation, administration, maintenance and provisioning) capabilities that it carried as overhead in its standard frames. These OAM&P features were exactly what the service providers required and WDM had none of these capabilities. 

WDM, differed from SDH in so much as it was a purely optical transmission mechanism. SDH although utilizing fiber optics as a method of transportation was electrically controlled using electronic devices to manage TDM. Indeed it was the electronic devices inability to work at increasingly higher frequencies that limited SDH from expanding to meet the new bandwidth requirements. DWD had none of the OAM&P functionality, but it could work at optical frequencies and provide almost limitless transmission capability per wavelength, thus providing not just theoretical but realistically, terabytes of capacity. 

The problem was that WDM was purely optical by nature therefore it worked on passive optical devices so there was no way to process data or to influence the behavior of the intermediate devices along the path. WDM relied simply on the physical properties of light as it interacted with the physical medium through which it passed, I.E the substrate in the optical device. For example, consider a prism, which is a perfect representation of an optical WDM multiplexor/de-multiplexor in that it separates white light into its component wavelengths and produces a rainbow of colored light (different wavelengths) at the output. That prism required no external stimulus to transform white light to a spectrum of colored light it simply works passively. However, the drawback of course is it is impossible to get the prism to process data or to influence the prism's behavior in order to extract any meaningful OAM&P data.

To the service providers this was unacceptable they needed OAM&P in order to control their networks and this desire was no doubt compounded by the fact they were so spoilt by SDH's OAM&P features. Consequently, there was no ignoring the precedence set by SDH's operational capability. WDM would have to have those same capabilities and here is where the OTN initiative came to the rescue.

So what is OTN?

According to the ITU-T Recommendation G.709, an Optical Transport Network (OTN) is composed of a set of optical network elements connected by optical fiber links. The network provides functionality of transport, multiplexing, routing, management, supervision, and survivability of optical channels carrying client signals. This architecture can be seen as a combination of the advantages of SDH/SONET technology with the flexibility of DWDM. Using OTN, the OAM&P functionality of SDH/SONET is applied to DWDM optical networks.

Some other key points of interest:

OTN is an industry-standard optical transport protocol


	ITU G.709

	ITU G.872 

	ITU G.806

	ITU G.798



OTN is intended to promote network evolution beyond SONET/SDH


	Eliminates traditional TDM transport complexity and related costs

	Removes the gaps/bottlenecks specific to emergent packet and wavelength transport



OTN offers tremendous CAPEX/OPEX benefits to carriers


	Reducing CAPEX via common transport framework

	Lowers cost-per-bit via technology simplification and transport commonality

	Integrates physical and optical layer processing across Network Elements (NEs)

	Consequently reduces the number of NEs across the network

	Reducing OPEX through network simplification and integration

	Less equipment = less Operations Administration and Provisioning (OAM&P)

	Technology offers simplified fault isolation and improved trouble-shooting
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