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Abstract: We present Ethernet and its evolution to 

Carrier-class Ethernet. Migration strategy is 

discussed through an example of wireless backhaul. 

Efforts in various standard bodies to accelerate 

adoption of Ethernet as the de-facto Metro Ethernet 

Technology are discussed. We conclude with our 

view on the architecture of Carrier Ethernet 

Technology. 

 

1. INTRODUCTION 
More than 90% of data traffic originate and 

terminate on Ethernet ports as Ethernet Frames. As 

digital divide shrink and as newer IP applications 

emerge volume of Ethernet traffic will continue to 

grow exponentially. IP applications like Google 

search, You-tube, Orkut, Facebook, Wikipedia, 

torrentz, gaming, IPTV, VoIP, etc. have already 

doubled the traffic every year. Presently, traffic is in 

exabytes and is expected to increase 100-fold in next 

5 years as high speed mobile internet becomes a 

reality. Further, mass adoption and extreme 

simplicity of Ethernet has lowered the ASIC cost and 

consequently Ethernet has expanded into places 

where SDH, ATM, FR, IP/MPLS, etc. were 

dominating. In this paper, we present Evolution of 

Carrier Ethernet Technology. In section 2 we will 

present evolution of Ethernet as conceptualized by 

Bob Metcalfe. This Ethernet is commonly known as 

Native Ethernet or Enterprise Ethernet. In section 3 

we present Carrier Ethernet where we also present 

efforts in standard bodies like MEF [1], IEEE [2], 

ITU-T[3] and IETF[4]. Ethernet is a result of 

evolution by natural selection. Emerging IP and non-

IP applications form the stimulus to which Ethernet 

has smoothly adapted to evolve into a superior 

Technology called Carrier Ethernet. We provide 

migration strategy from legacy network to Carrier-

class Ethernet Technology through an example of 

wireless backhaul. Next we brief on the relevant 

standards. In section 4 we conclude with a view of 

Tejas Networks on the future of Carrier Ethernet 

Technology. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. ENTERPRISE ETHERNET  
Bob Metcalfe invented Ethernet 35 years ago on 

May 22, 1973. Since then Ethernet has been widely 

deployed. This year, according to IDC, 350 million 

Ethernet switch ports will ship, not counting Wi-Fi. 

Ethernet is deployed both as PHY and MAC layer 

technology. Originally, it was deployed as a LAN  

technology on bridges (within campus or enterprise) 

due to its low speed of 2.94 Mbps and to minimize 

the collision domain but, as IEEE 802.3 working 

group standardized the first 100Mbps full-duplex 

MAC+PHY the play ground of Ethernet changed 

completely. With full-duplex and auto-negotiation 

capability issues related to Collision domain 

vanished completely. Economics of mass production 

and statistical-multiplexing gain further strengthened 

the case for Ethernet in the Metro Area Network 

(MAN). However, carrier-class features were still 

missing from the then Ethernet. Forums and study 

groups were set up to explore Ethernet as the 

technology of the MAN. One such forum, Metro 

Ethernet Forum (MEF), a non-profit organization 

published specifications that accelerated the adoption 

of Ethernet as the Metro technology. MEF has 

defined services, applications, attributes, and 

requirements that spurred lot of activities within 

IEEE, IETF and ITU-T. Many of these activities have 

culminated as standards and are heavily used by the 

service providers. Many of these standards are 

mature and widely adopted. 

Traditionally, enterprise routers are connected via 

dedicated circuits: E1 or STM-1. These routers act as 

gateway to the outer world. The router take Ethernet 

frames on the port facing the Enterprise LAN and 

converts them to E1/STM-1/ATM/FR and then sends 

them onto the E1/STM-1/ATM/FR-port that faces the 

metro network. Each office connects its other offices 

at their respective router ports or the internet via E1. 

Connectivity to public internet for low priority and 

best-effort traffic is generally avoided via E1 circuits 

due to high cost (typically, Rs. 10 lakh per annum per 

2Mbps E1 connectivity). Transporting PSTN calls is 
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yet another widely deployed application of circuit 

switched network. Wireless backhaul is largely over 

circuit switched network wherein E1 traffic is carried 

from the base station to the RNC/BSC. Per port cost 

of E1 or STM-1 is atleast an order of magnitude the 

cost of Carrier Ethernet port. Further, statistical 

multiplexing advantage is not possible in circuit 

switched networks. Moreover, traffic can burst to 

maximum link speed provided sufficient memory is 

provided in the Ethernet-bridge. Port speed of 

Ethernet has evolved from 2.94Mpbs when Metcalfe 

invented it to 10Mbps, 100Mpbs, 1Gbps, 10Gbps and 

40Gbps within a short span of time. Other 

technologies have not kept at par with the emerging 

requirements or have disappeared from the scene due 

to its poor adaptability. Because of these and many 

other advantages and the standardization work of 

MEF, IEEE, IETF, and ITU-T Ethernet has gained 

reputation of de-facto future technology in the Metro. 

SDH and other non-Ethernet technologies are slowly 

getting faced out and Ethernet is replacing them. 

Ethernet provides layer 2 services to the layer 3 

applications like IP/MPLS. 

 

3. CARRIER ETHERNET 
In this section we present migration strategy from 

legacy transport network to Carrier-class Ethernet 

network with wireless backhaul as an example. Then 

we present MEF requirements for Carrier-class 

Ethernet networks.  

3.1 Migration Strategy 
Migration from Legacy transport network to 

Carrier class Ethernet network is simple. There are 

primarily two strategies: fast and slow. 

Slow migration: We consider 2G wireless 

backhaul. The input to transport should be Ethernet 

traffic so appropriate change is required at BTS and 

RNC. BTS and RNC traditionally give E1 or ATM as 

output. Upgrading them to supply Ethernet traffic is 

must. This could be done in stages by upgrading the 

cards one-by-one or using E1-to-Ethernet converter 

or E1-to-Ethernet SFP. Next, the ports on the blade 

that go in the system should be upgraded to support 

Ethernet traffic. In SDH systems this could be done 

by supporting Generic Framing Protocol (GFP).  

 

Ethernet frames received on an ingress port (UNI) 

will be directly encapsulated within GFP frame and 

then sent over SDH as Virtual Concatenation Group 

(VCG) through VCG port. Most systems support few 

VCGs, typically 8 to 64. More efficient but costly 

migration solution would be to switch Ethernet 

frames from multiple UNIs onto one VCG. Simple 

Enterprise Ethernet switch cannot be used in this 

solution because switching traffic from five UNIs 

each of 100Mbps will overflow traffic at the VCG. 

Naturally, intelligent and Quality of Service (QoS) 

capable Carrier-grade switch and not Enterprise 

Ethernet Switch is needed. When all cards are 

Ethernet cards the legacy TDM chassis is replaced 

with Carrier-class Ethernet Switching and Transport 

enabled chassis. Some vendors support graceful 

migration from complete TDM to complete Ethernet-

switched network. Most vendors (e.g. Tejas 

Networks, Alcatel-Lucent, etc.) design their card 

such that it is capable of migration from TDM to 

Ethernet Chassis. This migration strategy is mostly 

followed in brown field deployment by the Service 

Providers. 

Fast migration: Deploy adjacent Ethernet switched 

network (ESN) with adaptation or inter-working 

function (IWF) on the ports that interface with BTS 

and RNC. The IWF will extract the Ethernet frames 

from the ingress E1/STM-1 stream and transport 

Ethernet frames through ESN. Legacy transport 

network will continue to carry voice traffic, whereas 

Ethernet switched network will carry data. ESN can 

be also used to off-load voice traffic from Circuit 

Switched Network (CSN).  

 

In the next phase, ESN should be upgraded with 

Circuit Emulation Services (CES) to carry voice 

traffic. This could be done using IEEE 802.1AS (for 

timing and synchronization), IEEE 802.1at (for 

resource reservation) and IEEE 802.1av (for 

queueing and scheduling). Many vendors (e.g Tejas 

Networks, Nortel, Cisco, Huawei, etc.) support CES 

in their platforms. CES is needed even if network is 

over-provisioned because burstiness of Ethernet data 

traffic might drop critical and voice frames. Timing 

required for CES can also be derived from SDH 

network instead from IEEE 802.1AS. CES 

specification is mentioned in MEF documents (3, 8 

and 18). Finally, interfaces on BTS and RNC should 

be upgraded to supply pure Ethernet frames. Most 

green field deployments by the service providers 

have only ESN (without IWF) because the BTS and 

RNC provide native Ethernet frames. 

Thus, Ethernet provides smooth migration path for 

both brown field deployments and low-cost solution 
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for green field deployments.  

3.2 Requirements of Carrier-class Ethernet 
Transport 
Scalability aspects:  Scalable enough to eventually 

replace the 1000s of SDH nodes currently deployed 

for wireless backhaul. There is also a need to scale in 

bandwidth to meet the present and future traffic 

requirement. 

Resilience: 50ms restoration similar to the present 

SDH/SONET infrastructure.  

OAM & P: Ability to troubleshoot and ease of 

provisioning. 

Synchronization:  Provide time and frequency 

synchronization over packet switched network  

Traffic Engineering and QoS: Ability to pin-down 

the EVC and prioritization of traffic to meet the 

stringent QoS. 

3.3 Standardization Activities 
Scalability: Service scalability is addressed in IEEE 

802.1Q, 802.1ad and 802.1ah with C-Tag, S-Tag and 

I-Tag respectively. Service scalability and forwarding 

are coupled tightly in 802.1Q and 802.1ad as the tags 

are used to define service at the UNIs and to define 

the forwarding mechanism within the network. 

Frames are accepted at the port of a core or non-edge 

bridge only if the frame is tagged with a tag 

permitted at that port. Further, there can be only 4094 

unique IDs and consequently 4094 unique services. 

These tags form a virtual LAN (VLAN) within a 

network. C-Tag is used to define customer service 

within a customer network. S-Tag is used to identify 

customer network within a Provider Bridge network 

(PBN). Together they support maximum of 16 

million services. If each service has a unique MAC 

address then Provider Bridge will need to maintain a 

MAC forwarding table of size 16 million. Look-up of 

MAC address in such a big table is not possible at 

line-speed with the current technology. To address 

the MAC address scalability issue IEEE 802.1ah has 

defined MAC-in-MAC. This standard is known as 

Provider Backbone Bridging Network (PBBN). 

Further 802.1ah decouples service from forwarding. 

At the ingress of PBBN, frames are tagged with I-tag, 

called the service instance tag wherein incoming 

frames- untagged, priority-tagged, C-tagged, S-

tagged- gets mapped into unique I-tag. Then two 

MAC addresses are prefixed. These addresses are 

referred to as B-MAC or individually as B-DA and 

B-SA. Additionally, another tag, B-tag, is added 

which serves as a forwarding tag within the 

backbone. At the edge of PBBN a mechanism is 

provided where learning of customer addresses is 

restricted only at the edge bridges of PBBN. Within 

the core of PBBN only B-MAC is learnt as original 

Customer MAC (C-MAC) addresses are invisible 

due to MAC-in-MAC encapsulation. This reduces the 

MAC table size in the core bridge of PBBN. So 

MAC scalability issue is resolved. Further separation 

of service from forwarding is now possible due to 

two tags: I-tag and B-tag. Provisioning of service is 

done at the ingress of the edge bridges and 

forwarding rules based on VLAN (B-VLAN ID) is 

done in the backbone (i.e. at the egress of the edge 

bridges and at the core bridges) of PBBN. Service 

and forwarding rules can be modified independent of 

the other. 

Resiliency: Forwarding can be provisioned through 

Network Management System (NMS) or automated 

via control plane. 50 ms protection of traffic is 

possible if work and protect are pre-provisioned or if 

the network is a physical ring. Correspondingly there 

are two standards for each: ITU-T G.8031 (Ethernet 

Linear Protection Switching) and G.8032 (Ethernet 

Ring Protection Switching). IEEE 802.1Qay 

(Provider Backbone Bridging with Traffic 

Engineering-PBB-TE) defines pre-provisioned linear 

protection scheme similar to G.8031 but, with MAC-

in-MAC. Further, PBB-TE has pin-down path and 



16122008 4 

hence very deterministic in its service; this has 

enabled adoption of PBB-TE for Circuit emulation 

services. Failure in service or forwarding (transport) 

is handled via a mechanism specified in IEEE 

802.1ag (Connectivity Fault Management-CFM). 

Periodic heart-beat or hello message is exchanged by 

the service end-points. Failure of network resource or 

misconfiguration will lead to drop or mis-forwarding 

of these hello frames. Absence of three consecutive 

hello frames is an indication of fault or 

misconfiguration. 

OAM&P: Operations, Administration, Management 

and Provisioning should be as simple and as effective 

as in SDH. Carrier Ethernet is the only technology 

that has simple OAM&P. Network fault or 

connectivity is monitored using CFM as mentioned 

above. Fault can be localized and isolated using loop-

back message and link-trace message defined in 

CFM. Performance monitoring in terms of number 

symbol error, frame error, jitter, and wander is 

specified in ITU-T Y.1731 (EthOAM). Provisioning 

through management system is specified in MEF 

(specifications 7, 15 and 16). MIB definition and 

format is provided in IEEE 802.1ap. These standards 

further reinforce Ethernet with a true carrier-class 

OAM&P. IP/MPLS lacks these capabilities, infact for 

provisioning a point-to-point service Ethernet  needs 

an order of magnitude less MIBs compared to 

IP/MPLS for the same service. An Ethernet service 

provisioned via NMS minimizes the control plane 

processing at the nodes and consequently power 

consumption is an order of magnitude less than 

IP/MPLS routers for the same service. 

Synchronization, Traffic Engineering and QoS has 

been already covered in section 3.1. 

 

4. TEJAS’ CARRIER ETHERNET 
ARCHITECTURE 

   A future proof carrier technology needs to evolve 

and should continuously adapt to the requirements of 

the emerging services. Therefore, a future proof 

Carrier Ethernet Technology should be MAC and 

Service scalable. It would also have to support P2P, 

P2MP and MP2MP services with resiliency of 50ms. 

This would mean compliance with IEEE 802.1ah, 

IEEE 802.1Qay and ITU-T G.8032. The only way to 

support all three types of service and at the same time 

easily meet all the requirements of carrier Ethernet is 

by supporting IEEE 802.1ah over G.8032 (PBB over 

ERPS) and IEEE 802.1Qay (PBB-TE) over ring 

topology. Effort required in OAM&P is lowest in ring 

topology for the same service offered over any other 

topology. Tejas Networks has Industries first PBB 

over ERPS that offers sub-35 ms protection 

switching for multi-point services. Traffic 

engineering over ring is simpler and deterministic 

because two paths are always known for any 

destination. Upon failure of node or link the number 

of ports on which re-learning happens is minimized 

or could be avoided altogether in some instances with 

simple and intelligent processing. Hierarchical-QoS 

commonly known as class-based differentiation of 

services at multiple levels: S-VLAN ID, C-VLAN 

ID, priority, traffic flow-level, ingress port-based, etc. 

will offer fine control over the offered service and 

consequently will accelerate wide-scale adoption of 

Ethernet as carrier technology. Standardized 40Gbps 

Ethernet interface and recent progress in photonics 

switching technology will further accelerate the 

adoption. Ethernet is so tuned to the future 

requirements that standardization of 100Gbps is 

already underway.   

   Tejas Networks believes in addressing needs very 

specific to the Indian service providers. Towards this 

end, we have developed many intellectual properties:  

1. Traffic-Engineered Segment-based 

Protection Switching through correlation of 

fault: This mechanism can monitor and 

protect network resources like fiber or node 

or set of nodes as well as protect individual, 

some or all traffic engineered (PBB-TE) 

services.  

2. Hierarchical Ring Based Tree: Pre-

provisioned hierarchical ring protection 

mechanism for both TE and non-TE 

services. 

 

   A technology that is standardized in multiple 

forums and bodies clearly drives home the fact that 

Carrier Ethernet is the de-facto technology of future!    
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