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Abstract 

As mobile operators migrate to 4G and LTE networks to support the ever increasing 

bandwidth demands of smartphones and tablets, they are faced with the challenge of 

supporting legacy 2G and 3G technologies.  This migration to packet-based mobile backhaul 

across 2G and 3G cell sites needs to address the diverse synchronization requirements 

needed to ensure delivery of both packet-based and circuit services. This paper addresses 

specific synchronization deployments for 2G, 3G and 4G mobile backhaul architectures using 

appropriate timing mechanisms to support converged voice, video, data and mobile services 

over Ethernet. 

 

 

 

This paper assumes some understanding of the various technologies discussed, i.e. 

Synchronous Ethernet (SyncE), IEEE-1588-2008 Precision Time Protocol (PTPv2) and Circuit 

Emulation. E1s and SDH STM circuits are illustrated in the figures, but all discussions are 

relevant to North American T1 and SONET deployments as well. 
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Introduction 

 
 

As broadband Ethernet services are becoming a commodity, mobile network providers, business 

owners and service providers are examining ways to take advantage of these services for delivery of 

their packet based communications and legacy circuit services. 

Mobile operators in particular are upgrading their mobile backhaul networks to support the rapidly 

growing mobile data traffic volume, and are turning to Ethernet to gain substantial network efficiency 

and minimize operational and capital expenses. To maximize the return on investment, the Ethernet 

backhaul is required to converge voice, video, data and mobile services and provide tight frequency 

and phase synchronization to cell sites, using a combination of Sync-E, IEEE-1588 v2 and GPS 

technologies. 

This paper addresses the deployment of mobile backhaul as well as Ethernet and Legacy services to 

business and residential customers and the important role that the emerging use of packet-based 

synchronization methods play in the delivery of these services.    

Specifically, the paper discusses: 

• The appropriate combinations of clock recovery methods for the delivery of circuit and timing 

services for co-located 2G, 3G and 4G deployments, including the combination of Synchronous 

Ethernet and IEEE-1588 Precision Time Protocol network synchronization methods with Circuit 

Emulation’s Adaptive and Differential clock recovery methods. 

• A synchronized metro-access network that offers Ethernet, timing and circuit services to 

customers.  

• The implication of the availability of synchronous clock at the edge of the network on the 

deployment of mobile backhaul and business connectivity services over such packet switched 

networks. 

• Emerging transparent timing services and its potential implication on the backhaul network. 
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Clock Recovery Combinations for  

Co-located 2G, 3G and 4G Deployments  

Packet-based mobile backhaul meets the mobile providers’ business needs of increased 

bandwidth at a lower cost. The migration to packet-based mobile backhaul must take into 

consideration the requirement to transport circuits across the backhaul for 2G and 3G cell 

sites and the need for accurate and cost effective synchronization at all cell sites. 

Mobile Backhaul using Ethernet without synchronization services 

Figure 1 describes mobile backhaul deployment utilizing Ethernet Services offered by packet 

carriers where the backhaul providers do not provide any synchronization services to the 

user; synchronization needs to be independently transferred over the carrier network. 

 

 

Figure 1 

The figure illustrates the interconnection of three sites; the Central Site C hosting 2G and 

3G controllers and 4G gateways, a Large Cell Site L hosting collocated 2G, 3G and 4G base 

stations, and a Small Cell Site S hosting a 3G base station. Many more cell sites participate 

in typical deployment scenarios, ranging from pico-cells to mega-sized macro cells, all 

interconnected in a similar fashion. 

Mobile backhaul is provided in this case by two carriers; the Green (G) carrier and the 

Orange (O) carrier. Two carriers were chosen to enhance resiliency for large sites and 

ensure coverage reaching all smaller sites. 
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The carriers install demarcation devices D1-20 at sites’ location to provision the acquired 

services. The various devices at the cell sites are connected through customer edge devices 

CE1-20 providing the services to the base stations and controllers.  

The user-network-interface is setup between the edge and demarcation devices, clearly 

indicating the ownership and responsibility boundaries between the carrier and the user. 

The edge devices provide Ethernet, circuit and synchronization services, utilizing the 

Ethernet (or MPLS) UNI provided by the carriers. The demarcation devices run end-to-end 

OAM enabling quick discovery and recovery from device, link and carrier failure events.  

Transitioning from TDM Backhaul to Packet Backhaul with PTP 

Figure 2 illustrates the 2G/3G central site deployment in more details.  

 

Figure 2 

Prior to the transition to packet based backhaul, the 2G/3G central sites were all connected 

to cell sites over TDM backhaul using traditional telecom carriers. The central site in our 

example used several STM-1s SDH UNIs for carrying backhaul traffic, where each cell site 

was connected with several E1 circuits to the 2G Base Station Controller (BSC) and to the 

3G Radio Network Controller (RNC). Add-Drop-Multiplexers (ADMs) were used to aggregate 

the BSC’s E1 interfaces to STM-1s used at the UNI, and Inverse-ATM-Multiplexers (IMA) 

were used to convert 3G RNC ATM STM-1c traffic to E1 with STM-1 format for delivery to 

the cell sites.   
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To minimize risk and to ensure smooth transition from TDM backhaul to packet backhaul, 

the mobile provider’s planning group decided that the configuration and settings of the 

central site will not be modified, and the adaptation to packet backhaul will be completely 

handled by the new deployed edge devices (CE1 to CE4). That is, the edge devices will be 

connected to the central site controllers through the (old) TDM UNI and convert the traffic 

to the new packet UNI. If anything goes wrong during the transition, the central site can 

simply revert back to the TDM backhaul until problems are isolated and solved. 

Each edge device provides two main functions; E1 CES (circuit emulation) Inter-Working-

Function (IWF) that encapsulates the E1 traffic sent to a cell site in packet streams, and PTP 

Master function to deliver accurate frequency synchronization streams to each site. The 

edge devices are organized in active/backup pairs (CE1 and CE3, CE2 and CE4) protecting 

the service from link, device or carrier failures.  The figure illustrates the E1 CES streams 

and PTP streams sent from the edge devices toward the cell sites. The PTP streams sent by 

CE1 and the CES traffic sent by CE4 are not shown to simplify the drawing.  

Two clock sources, CLK-1 and CLK-2 are shown in the figure. CLK-1 is driving the 2G and 

3G controllers while CLK-2 is driving the edge devices and the ADMs. When the TDM UNI is 

used, CLK-2 is the TDM carrier clock supplied through the SDH UNI. The edge devices’ PTP 

Master Synchronization stream carries CLK-2 to the cell sites. The BSC E1s clocks are driven 

by CLK-1. The difference between CLK-1 and CLK-2 is encoded in the RTP header of the CES 

packets to allow the cell sites’ edge device to recover CLK-1 through CES differential timing 

method. 

Figure 2 illustrates only one deployment scenario out of many other possible ones. Planners 

in other scenarios may prefer separating the PTP Master function to dedicated equipment. 

Some deployments may rely on a single clock source to drive both the edge devices and 

mobile controllers (i.e. CLK-2 is locked to CLK-1). 
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Using PTP to transfer master clock to slaves 

Figure 3 illustrates the cell sites 2/3G deployment at both the small cell site S and the large 

cell site L. 

 

 

Figure 3 

The large cell site (L) is composed of multiple base stations serving 2G, 3G and high speed 

3.5G packet services. The edge devices provide Ethernet, E1 and clock services to the base 

stations. The PTP slaves at the edge devices recover the synchronized clock and provide a 

synchronized frequency interface to base stations. Each PTP slave is configured with the 

addresses of two PTP masters, as defined in the ITU-T telecom profile, to ensure delivery of 

adequate clock synchronization at all times. For further redundancy, a backup 

synchronization interface is connected between the two edge-devices used when connection 

to both masters fail. The CES IWF converts the E1 CES stream to E1 feeds. If the CES E1 

clock differs from PTP clock, the IWF uses the timestamps encoded in the RTP header to 

recover the E1 clocks using differential clock recovery methods. 

Cell site S represents a small installation designed with emphasis on low deployment cost. 

The single 3G Node-B is connected to an edge device that provides E1 CES and Ethernet 

services. The edge device uses the IWF CES adaptive clock recovery method to recover the 

E1 clocks. Adaptive clock recovery mechanism recovers the clock by examining the 

incoming packets arrival time, and doesn’t require any special master function. When 

required, the edge device can be upgraded to support synchronization delivery via PTP. No 

configuration changes will be required at the central site. 
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4G Deployment with PTP master or PTP Boundary Clocks 

There are many other possible deployment scenarios at the cell sites as well. In particular 

some newer 3.5G base stations are equipped with a built-in PTP slave. The Node-B PTP 

slave can either drive its synchronization directly from a PTP master located at the central 

site or lock to a locally available PTP boundary clock. This option is elaborated below 

presenting 4G deployment scenario. 

4G technologies like WiMAX and LTE generally use Time Division Duplex (TDD) transmission 

methods and hence require tight phase synchronization between cells in the order of 

microseconds. Delivery of phase synchronization at this level without on-path support (i.e. 

without support of the packet carrier) is challenging.   

However the clear advantages of packet based backhaul are driving mobile providers to 

experiment and deploy 3.5G and 4G services with full or partial reliance on synchronization 

through PTP over the packet backhaul.  

The PTP master function is usually located at the central site. Figure 4 describes two 

possible deployment scenarios of 3.5 and 4G services at the cell site. 

 

Figure 4 

In these examples the base stations are equipped with built-in PTP slaves. Node-B slave 

recovers frequency while the eNode-B recovers both frequency and phase. In cell site A the 

edge devices provide Ethernet services only, and the PTP slaves communicate directly with 

the PTP master across the backhaul. In cell site B, GPS is used as primary source for time 

synchronization while PTP is used only as a backup timing source. The edge devices in cell 

site B support PTP boundary clock function, recovering clock from the remote PTP master 

and acts as master towards the base stations. The PTP slaves at the base stations 

communicate locally with either the master port of edge device CE11 or CE12 whoever is 

chosen as the Best-Master-Clock (BMC) as defined by the PTP protocol. The base stations 

are oblivious whether the clock source is GPS or the remote PTP master. 
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The accuracy and stability of the recovered clock depends on multiple factors: 

• The stability and accuracy of the timing source (master);  

• The protocol used to transfer the timing information;  

• The forwarding delay variations experienced by timing packets;  

• The stability of the local oscillator; and  

• The clock recovery algorithm used at the end node (slave).  

To ensure that the performance of the recovered clock meets the mobile backhaul 

requirements, slaves must implement state-of-the-art recovery algorithms with highly 

stable (and hence expensive) oscillators as local references.  

Thus an effort is made to minimize the forwarding delay variations introduced by the packet 

carrier. Advanced packet carriers offer multiple classes of forwarding services, which 

ensures that delay variations experienced by timing packets will be bounded.  

However since the accuracy required at the cell sites is in the order of one microsecond and 

the forwarding delay variations experienced even at the highest class of service is in the 

order of hundreds of microseconds or more, recovering the clock within the required 

performance at all times is challenging.  
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Emerging transparent timing services 

The IEEE-1588-2008 standard defined a new type of clock called Transparent Clock (TC). 

Transparent clocks measure the residence time (forwarding delay) experience by each PTP 

message and add it to a correction field in the PTP header. A Transparent Clock that 

corrects the residence time of PTP messages on the fly is called one-step Transparent Clock. 

The IETF and MEF standard organizations are exploring ways to include such TC functions 

within packet carriers in general and MPLS carriers in particular and provide a new type of 

packet carrier technology enabling a new type of service – the transparent timing service. 

 

 

Figure 5 

The concept is illustrated in Figure 5 where the packet carrier offers transportation of timing 

packets across the carrier network, eliminating forwarding delay variations noise altogether. 

This technology promises to ensure compliance with strictest timing accuracy requirements 

at all times, and to significantly lower the cost of slave implementation at the cell sites. 

Once most noise sources are eliminated simpler recovery algorithms utilizing cost effective 

oscillators can be used.   

Transparency implies that multiple clocks can be transported across the packet carrier, as 

indicated by the green and purple clocks in Figure 5. To successfully deploy such 

technology, it has to be scalable, i.e. allow transporting of any number of clocks, and 

support any rate of timing packets.  

The PTP Transparent Clock (TC) is based on a simple idea - measure the forwarding delay of 

PTP messages while in transit, and add this information to the timing packets.  Hence when 

the timing message is received at the slave, it can simply eliminate the forwarding delay 
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variations by subtracting the forwarding delay information included in the message from the 

measured timing packet arrival time.  

Scalability requires that no state information is kept per packet (or clock) transported across 

the packet carrier, thus the measured delay variation information must be included within 

each forwarded timing packet. That is, 1-step Transparent Clocks will be used to provide 

this service. 

Once timing transparent packet services are available, provisioning of a common 

synchronized clock shared by different elements (all cell sites of a mobile provider, all 

branches of a large organization, all femtocells deployed at residence sites, etc.) using PTP 

will become simple and cost effective. If additional clocks are required, i.e. for deployment 

of circuit emulation across the packet carrier, differential timing methods can be used for 

this purpose. Transparent timing services have the potential therefore to lower also the cost 

for circuit emulation deployments and allow deployments for services that require high clock 

accuracy such as SDH circuit emulation services. 
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The Synchronized Metro-Access Network:  

Business and Backhaul Services  

The availability of a synchronized clock at the edges of metro access network allows 

provisioning of robust circuit services to the end user to address the connectivity needs of 

both mobile providers and business customers. 

Figure 6 illustrates a simplified metro access network providing business services. Two main 

services are provided; Ethernet connectivity and leased lines. Local sites (sites A and B) are 

interconnected directly, while remote sites are connected through gateways; the TDM 

leased lines are connected to the traditional telecom network, while the metro-access 

Ethernet pseudo-wires segments are connected through gateways to the core network, and 

routed to the remote sites.  

 

Figure 6 

Provisioning of mobile backhaul services is similar to the provisioning of business services, 

as illustrated in Figure 7. The main services required are leased lines for carrying 2G and 3G 

backhaul traffic between central sites and cell sites, and Ethernet connectivity from the cell 

sites to the Internet. 4G cells require Ethernet connectivity as well. In this case CES services 

are not needed.   
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Figure 7 

The availability of a synchronized clock at the edges allows provisioning of leased lines by 

using of circuit emulation, and also enables providers to offer frequency and time 

synchronization services to cell sites. 

 

Figure 8 

Figure 8 illustrates the network elements at edges of the metro-access network providing 

business services. The User-Network-Interface (UNI) to the business sites is on the right 

and to the Network-Network-Interface (NNI) is on the left. The network is synchronized 

through Synchronous Ethernet. The demarcation devices provide Ethernet service (orange) 

and leased line services (green) using Circuit Emulation Service (CES).  
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In this example E1 leased lines are provided to businesses. The business customer can run 

bits at a rate of 2.048Mbps in any format across the leased line and expect these bits to 

appear on the other side of the line unmodified. The business customer equipment supports 

the traditional E1 leased line clock. In this figure three different businesses reside in 

business site A, each driving its own leased line with a different clock, symbolized by the 

purple, green and black clocks blocks.  

Utilizing a Synchronous Clock at the Edge 

The demarcation devices segment and send the leased line bit stream as CES packets to 

their destination demarcation device, and reassemble the leased line bit stream of the CES 

packets received from the remote device.  

The demarcation device must play out the reassembled E1 bit stream at the exact bit rate, 

i.e. using the same clock driving the leased line at the remote end, as if the leased line was 

connected through a direct E1 cable.  

For example, the demarcation device D3 at site B must clock out the E1 towards the 

customer’s equipment with a ‘purple’ clock. It cannot assume that the purple clock is driven 

by equipment at site B. It must recover the clock that was driving the E1 leased line at site 

A, as received by demarcation device D1. 

A common synchronous clock at all edges of the metro-access network enables the use of 

differential clock recovery method for recovery of the E1 clock at the remote site. Each CES 

packet is marked with a timestamp (at the RTP header) that encodes the difference 

between the E1 lease line clock (e.g. purple clock) and the synchronous clock (SyncE blue 

clock). The remote demarcation device decodes the difference between the clocks by 

analyzing the timestamps of received packets, and using SyncE clock, recovers the clock to 

drive the E1 at its end.  
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Provisioning Leased Lines outside a Local Metro Access Network 

Leased lines which reach outside of the local metro-access network can be provisioned as 

well. In the example above, the leased lines are carried over CES segments connecting the 

business sites to a service provider leased line exchange. The demarcation devices are 

connected to the telecom exchange using high speed SDH interfaces, carrying E1s destined 

to multiple destination sites. Each set of leased line E1 is clocked by a different clock, as 

shown by the purple, green and block clock symbols within the telecom exchange. The 

demarcation device D10 must recover the clock of each leased line carried over CES to play 

out the E1 bit stream onto the SDH interface. The availability of the synchronous clock at 

the edges allows it to use differential recovery methods for this purpose here as well. 

 

Figure 9 

Figure 9 illustrates the network elements at the edge of the network providing mobile 

backhaul services. Using circuit emulation, multiple E1s are connected to 2G and 3G base 

stations at the cell sites and to the controllers in central office . The demarcation devices 

D1, D2 and D3 at the cell sites can either use the synchronous clock to time the E1s or if 

the controllers at the central site use a different independent clock to drive the backhaul, 

differential clock recovery methods can be used. 

 



   

 

August 2011 www.telco.com P a g e  | 15 

 

The Timing UNI 

Beyond provisioning of Ethernet and E1 circuits for backhaul connectivity, a new User-

Network-Interface is being introduced - the timing UNI. Work is in progress in the ITU-T and 

other standards organizations to define telecom profile for time distribution in carrier 

networks, and specifically for the definition of the timing UNI. The timing UNI provides 

synchronized frequency and time and has the potential to be highly beneficial for 4G LTE 

deployments which requires accurate frequency, phase and time at the cell site. The timing 

UNI can be a cost effective and reliable alternative to a locally installed GPS at the cell site.  

Provisioning the timing UNI requires that metro access networks bring both time and 

frequency to its edges. In Figure 9 above the IEEE-1588 Precision Time Protocol is used, 

along with SyncE to deliver frequency and time to the edges. To ensure time accuracy less 

than 1us, boundary clocks are used at each hop, up to the selected cell site edges. A timing 

UNI can be delivered to the cell site either using an IEEE-1588 feed over Ethernet 

interfaces, or using a dedicated physical synchronization interface.  

 

Conclusion 

Carriers are deploying frequency-synchronized packet networks, extending their reach to 

the edge using copper, fiber and wireless access technologies. Carriers and vendors alike 

are working to construct a solution that offers robust, performance compliant and cost 

effective clock synchronization for legacy circuit services as well as for mobile services 

across these multiple access technologies. 

The need of synchronized frequency and/or phase clock at the edge is the first order 

consideration in selecting the synchronization methods used in delivering circuit emulation 

and synchronization services to the end user. 

To address these needs metro-access providers are deploying Synchronous Ethernet and 

PTP on-path support that allow robust provisioning of circuit leased line services and timing 

services. As leased line provisioning requires transporting arbitrary clocks across the packet 

switched network, differential clock recovery methods will be used at all scenarios where a 

synchronous clock is available at the network edges.    
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To reduce operation costs mobile providers and business owners are deploying circuit 

emulation and timing distribution solutions over Ethernet connectivity services offered by 

packet carriers. The use of PTP for distribution of synchronized clock to remote business or 

cell sites is becoming predominant. The use of differential timing methods for delivery of 

circuit emulation driven by independent clocks complements the solution. Whenever PTP 

clock distribution is not available or in deployments with emphasis on low cost, adaptive 

clock methods will used instead as part of the circuit emulation deployed solution.      

In large deployments, PTP on-path and Synchronous Ethernet availability at the edge 

cannot be relied upon across all sites as it requires all devices in path to support it in 

hardware. Therefore planning should take into consideration provisioning of circuit and 

synchronization services with and without the carrier support.  

The International Telecommunication Union (ITU-T), Internet Engineering Task Force (IETF) 

and Metro-Ethernet-Forum (MEF) are working to standardize phase and time delivery using 

a specially designed telecom profiles of the IEEE-1588 Precision Time Protocol (PTP). The 

use of PTP on-path support in the form of Boundary Clocks (BCs) and Transparent Clocks 

(TCs) for robust phase and time delivery is being examined both in the standards 

organizations as well as with early adapters’ deployments around the world. The emerging 

transparent timing services and the introduction of the timing UNI will further reduce the 

cost of deployments, improve performance and robustness of the clock and time available at 

remote locations, and allow deployment of new applications which require precise timing at 

all times. 
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For more information on Telco Systems’ solutions for mobile backhaul, please visit the 

website (http://www.telco.com/int/index/en/mobile_backhaul). 

http://www.telco.com/int/index/en/mobile_backhaul
http://www.telco.com/int/index/en/mobile_backhaul
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