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Digital transformation will also raise the requirements for the network infrastructure of functional 

buildings and functional building complexes. Building and campus networks of hospitals, airports and 

companies must now often be as powerful as the networks of high-performance data centers.

This is caused by the increase in data-intensive applications, which are driving bandwidth requirements. In clinics, for example, 

imaging techniques such as computer or magnetic resonance imaging require high data transmission rates.

In airport terminals, but also in shopping centres, train stations, hotels and public administration buildings, digital signage with 

moving image material is widely used, which necessitates the development of high-performance content delivery networks.

Finally, in industrial environments, production jobs with image-intensive work guidance interfaces and, in particular, the

comprehensive digitization of machines and equipment pools make unprecedented demands on network technology. Additionally, 

there is the beginning development of 5G campus networks and the introduction of new WiFi technologies, both of which require a 

high-performance wired base network controlling the radio antennas. In all these constellations, network operators today face the 

challenge of building infrastructures that can cope with the increased volumes of data and – for investment protection – can also 

offer sufficient reserves for further increases.

But how to design network infrastructures for functional buildings in order to provide them with the 

necessary sustainability? A first basic orientation is provided by the Ethernet Alliance’s roadmap (fig. 1).

The roadmap currently stipulates 40 or 100 Gigabit Ethernet (GbE) for the building sector, i.e. transmission rates of 40 or 100 

Gigabits per second (Gbps). In fact, 100 GbE are already being used in the backbone of numerous enterprise networks; up to 10 

Gbps will then be made available at workstations and machine and equipment connections.

The permanent increase in IoT or IIoT applications, including associated computing and storage capacities, will even require an 

upgrade to 400 GbE in the foreseeable future.

A sustainable network infrastructure should, thus, be designed to supply the entire backbone, i.e. the entire "north-south" 

cable line from the local main connection to the floor distributors, with transmission rates of 400 Gbps, while 10 Gbps should be 

available at the terminal connectors. In the backbone, this calls for a high-performance fiber optic infrastructure, since only the 

fiber optic transmission technology has the necessary bandwidth reserves. Where there is no fiber optic infrastructure or the 

existing fiber lines are outdated, systematic retrofitting with modern fiber optic cabling should be considered. On the "last mile" 

to the terminal connection, mainly Cat.7 or Cat.7A copper cabling is recommended.

P R E R E Q U I S I T E S  F O R  A  F U T U R E - P R O O F
N E T W O R K  I N F R A S T R U C T U R E

With the growth of data-intensive applications, bandwidth requirements 
of many campus and building networks are constantly rising. That is why 
network operators should implement future-proof fiber optic backbone 
infrastructures that reliably manage transmission rates of up to 400 Gbps. 
What is needed here, is the implementation of structured multi-fiber links 
based on low-loss, cost-effective and easy-to-use components.

Figure 1: Transmission rates of network infrastructures in different application areas according to the

Ethernet Alliance Roadmap. © Ethernet Alliance 2020
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S T R U C T U R E D  C A B L I N G  A C C O R D I N G
T O  D I N  E N  5 0 1 7 3

"However, when building a fiber optic infrastructure in the campus and building backbone, one can not only focus on 

bandwidth," said Thomas Borg, Senior Consultant Data Center at LWL-Sachsenkabel GmbH.

"From the operator's point of view, it is at least as important to create an orderly, manufacturer- and application-neutral

wiring structure, which ensures a high level of clarity and guarantees maximum flexibility in the selection of components and 

applications." The critical guideline here is the concept of structured cabling according to DIN EN 50173. This standard provides 

for the classification of cabling into three sub-areas: the Equipment Room of campus cabling from the campus distributor 

(CD) to the building distributor (BD), the wiring closet of the building or riser area cabling from the building distributor to the 

floor distributor (FD), as well as the work area of the floor cabling from the floor distributor to the telecommunications or 

terminal connection (TC) (Similar to Fig. 2). The distribution points (CD, BD, FD) should be implemented as patch points; the wall 

connection outlets should provide application-oriented connectors (e.g. RJ-45, GG45 or TERA).

This basic architecture enables the orderly construction of all cable paths and offers a campus-wide standardized structure, 

which ensures a free choice of components and, if necessary, also enables fast technological adjustments. Since such 

adjustments often require only partial rewiring or re-patching, this clear cabling system provides easy and safe handling and a 

fast workflow, which will have a positive impact on operating costs. With a network layout for 100 to 400 Gbps in the backbone 

and 10 Gbps at the end device connection, the primary and wiring closets are to be implemented with fiber optic cables, while 

the work area can be covered entirely with copper cables, unless continuous fiber optic cabling with FTTO (Fiber-to-the-Office) 

or FTTD (Fiber-to-the-Desk) and the respective end connection ports are desired.

B A S E - 8 - C A B L I N G  I N  T H E  B A C K B O N E  S U P P O R T S 
4 0 ,  1 0 0  A N D  4 0 0  G B E

"Based on the concept of structured cabling, all further details of the implementation can then be defined", Borg said. The 

fiber optic lines pose a special challenge: "While it is relatively clear for a copper-based 'last mile' that this should be realized 

mainly with Cat.7 or Cat.7A cables, the situation is less obvious for fiber backbones ". The general framework here is set by 

the IEEE standardization for 40 and 100 GbE, which was set out in the IEEE 802.3bm standard published in 2015. It stipulates 

data transfer via four fibers per direction (i.e. a total of eight fibers), at transfer rates of 10 Gbps per fiber and direction for 40 

GbE, and 25 Gbps per fiber and direction for 100 GbE. According to the same model, 400 GbE will be realized in the future, then 

with 100 Gbps per fiber and direction. Thus, for 40, 100 and 400 GbE, the ideal setup would be a so-called Base 8 cabling in the 

backbone, with 8- or 16-fiber trunks for each transmission line. "This, however, raises questions as to the selection of fiber and 

connector types," Borg said. Although it seems clear at first which components might be considered, as IEEE 802.3bm stipulates 

the use of multimode fibers for the realization of 40 and 100 GbE, while in DIN EN 50173 the MPO 12 (Multipath-Push-On) is the 

standardized connector for multifiber lines. Base 8 wiring for 40, 100 and later also 400 GbE would, thus, be realized via OM4 

multimode fibers, with MPO 12 connectors at the distribution patch points. "But this requirement is no longer set in stone," Borg 

pointed out. "Because there are now serious alternatives that are both technically and economically convincing."

Thomas Borg, Expert for Communications Technology, is Senior Consultant in the Data Centers team at LWL-Sachsenkabel GmbH 

and has many years of experience in the fields of LAN, WAN and data center. His scope of duties includes strategic and opera-

tional expansion of the data centers business area, with a focus on the development of the URM cabling system.

B U I L D I N G  A  F I B E R  O P T I C  I N F R A S T R U C T U R E

EQUIPMENT ROOM.
WIRING CLOSET.
WORK AREA.

B R I E F  V I T A  O F  T H O M A S  B O R G

Fig. 2: The basic architecture of the cabling is divided into three sub-areas: the Equipment Room of the 
campus distributor to the building distributor, the wiring closet from the building to the floor distributor and 
the work area from the floor distributor to the telecommunications connection.
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Transition from Base 8 to Base 2 with URM NGPatch cable MTP® 

Since singlemode cabling is cheaper than OM4 multimode cabling, the slightly higher cost of transceivers compared to SR-4 transceivers for 

multimode is hardly significant. The data transmission takes place here using only one wavelength (1310 nm) and offers flawless transmission 

results for fiber links of up to 500 meters. In campus and building networks, this allows for much longer distances between patch points. 

Since singlemode transmission lines have a loss budget of 3 dB, i.e. a loss budget of around 50 percent more than multimode links, more pat-

ching transitions can be realized. „This standard is therefore the ideal feature for wiring closet cabling according to EN 50173-1,“ was Borg‘s 

conclusion. With PSM4 (as with SR4 and future DR4), four channels are operated in parallel, which requires a Base 8 cabling architecture. The 

transceivers are equipped with an MPO connector face. It makes sense to use the URM system of LWL-Sachsenkabel GmbH as an MPO 12 alter-

native plug-in face for passive cabling. The URM system is internationally standardized in IEC 61754-34.  It is designed for data transmission 

via either two or eight multimode or singlemode fibers (URM NG P2 or URM NG P8) and is suitable for all current and future Base 8 applica-

tions. Thanks to its spring-loaded standard SFF ceramic ferrule (small form factor; 1.25 mm diameter), which supports the realization of a 

maximum loss-reducing geometry of the connector end face, its insertion loss weighs in at under 0.2 dB. Therefore, the plug-in connections 

will only take a modicum off the loss budget.

S T R A I G H T FO R WA R D  I M P L E M E N TAT I O N  P LU S  A D D I T I O N A L  A DVA N -
TA G E S  O N  T H E  “ L A S T  M I L E ”

„The combination of OS2 singlemode fibers and URM multi-fiber connectors on the patch panel allow for extremely reliable and also very 

clearly structured Base 8 transmission lines for 40, 100 and 400 GbE in the backbone,“ Borg summarized. „This ensures a future-proof, appli-

cation-neutral and – thanks to the standardization of all components – also basically manufacturer-independent fiber optic infrastructure in 

the backbone of campus and building networks.“ Once Base 8 cabling has been implemented, the application change from two-fiber-based 

transceivers for 10 GbE (usually with LC duplex) to eight-fiber-based transceivers for 40/100/400 GbE (then with MPO) can be realized at the 

wiring level with a simple swap of the patch cable without intervention to the wired passive network. The two-fiber patch cable with LC Duplex 

and URM NG P2 is easily replaced with an eight-fiber patch cable with MPO and URM NG P8, and the migration to a higher data rate is comple-

te. Based on this simple system, URM also offers advantages on the „last mile“, on which Base 8 is usually converted to Base 2 (with only one 

fiber per direction) in order to enable the transition to the copper infrastructure. Since, unlike MPO systems, no converter cartridges but only 

simple adapters are required for this implementation, only a single patching is required here, which additionally saves on loss budget and 

enables high data rates right up to the last branches of the network.

Providing the desired 10 Gbps at workstations and equipment and machine connections is no longer a problem.

„If you plan correctly and use the right components,“ said Borg, „bottlenecks in bandwidth can be avoided from the outset.“ As the network 

specialist emphasized, industrial companies, clinics, airports or hotels could thus realize all planned data-intensive applications without 

second thought. „Even rapidly growing bandwidth requirements will not have to be feared for the foreseeable future.“

D I S A DVA N TA G E S  O F  M U LT I - F I B E R  L I N E S  O N  M U LT I M O D E  A N D
M P O - B A S I S  I N  B U I L D I N G  C A B L I N G 

In fact, the combination of multimode and MPO 12 has a number of drawbacks. However, it must be noted 

that the transmission of 100 GbE via the optical interface 100GBASE-SR4, which is standardized in IEEE 

802.3bm, provides a serial data transmission with MPO port on the active device.

The concept of loss budget of the complete link must always be observed for functional cabling. Already for 40 Gbps transmissions 

(40GBASE-SR4) this is as low as 1.9 dB, dropping to a mere 1.5 dB if you want to transfer 100 Gbps (100GBASE-SR4). Regardless of the 

application area, the general disadvantage of the MPO system becomes obvious here: due to the high insertion loss of MPO 12 plugs (0.3 

to 0.5 dB), the loss budget is quickly used up, which significantly limits the number of possible plug-in transitions. In the area of building 

cabling, another point of the MPO system also has a negative effect: since the cable paths in buildings are usually much more complica-

ted than in data centers – possible causes might be different routes and ducts, firewalls and wall breakthroughs – spliced solutions are of 

great advantage here. MPO, however, does not provide a splicing solution because MPO cables are mostly pre-assembled.

Further restrictions result from the use of multimode fibers. When using OM4 fibers, their link length is limited to a maximum of 150 m 

at 40 Gbps or a maximum of 100 m at 100 Gbps. Initially, the transmission of 40 or 100 Gbps by means of short wavelength multiplexing 

(SWDM) using optimized OM5 multimode fibers seems to be the solution – in this case, parallel data transmission takes place over four 

different wavelengths per pair of fibers. However, with a maximum link length of 150 m at 100 Gbps, OM5 fibers do not ultimately offer 

significant distance advantages over OM4 cabling. In addition, wavelength multiplexing drives up network costs, as the multiplexers and 

multimode fibers are expensive to purchase. Also, wavelength multiplexing with bidirectional transceivers (BiDi transceivers) cannot 

achieve decisive advantages. BiDi transceivers work with LC duplex connectors (LCdx); 2 wavelengths transmit 10 Gbps or 25 Gbps 

each. Because, unlike SWDM, BiDi transceivers use both fibers to transmit and receive, 40 or 100 Gbps can also be transmitted with this 

approach. However, here too, the maximum link length is limited to approximately 100 m.

S I N G L E M O D E  F I B E R S  A N D  U R M - C O N N EC TO R S  A S  A LT E R N AT I V E 

„Given these facts,“ Borg emphasized, „users should seriously consider using other fiber types and connectors.“ Here, too, the user 

has several options for the realization of 100 GbE. One of these possibilities is to operate classic two-fiber applications via multiplexing. 

However, the active technology of the transceivers is also very expensive here, as they are designed for a distance of 10 km and are 

therefore mainly used in the carrier environment.

However, transmission of 100 Gbps can also be realized without multiplexing and thus significantly more cost-effectively – 

using OS2 singlemode fibers and PSM4 transceivers. This is also reflected in the Ethernet Alliance roadmap.

Patch cable MTP® 
to URM NG P8 for 
connecting the 
transceiver to 
passive cabling

500M PSM4
40GBASE

PSM4
100GBASE

  PSM4  
200GBASE

DR4
400GBASE

DR4DR  
Current interfaces and nomenclature of the Ethernet Alliance
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LWL-SACHSENKABEL GMBH
Manufacturer of high-quality fiber optic solutions

Hauptstraße 110

D-09390 Gornsdorf

GERMANY

Telephone: +49 (0) 37 21 / 39 88-0

E-mail:        info@sachsenkabel.de

sachsenkabel.de

pulse.sachsenkabel.de
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