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Mobile networks are experiencing a traffic boom. While voice continues to ramp up linearly, data is growing exponentially.  It’s easy to see why: consumers are demanding bandwidth-hungry mobile services such as Internet access, photo sharing, music downloads and video.  Increased traffic means increased revenues—carriers are reporting that iPhone accounts, for example, generate nearly double the average revenue per user of other devices.  

This traffic growth has mobile operators scrambling to build out their networks faster than ever before.  No area of the mobile network feels the strain more than backhaul, which connects cell towers to the base station controllers at the network aggregation site. 

Mobile Backhaul: The Need for a New Approach

A vast majority of US mobile operators currently use leased T1/E1 lines for their mobile backhaul networks. Although TDM is known for its high reliability, this legacy approach is expensive and does not scale easily, since the carrier must add an additional full T1/E1 line when existing capacity is exceeded.  Also, cell sites are getting increasingly complex as operators are rapidly adopting 3G technologies such as HSPA and EV-DO and are already looking ahead to emerging 4G technologies such as LTE (Long-Term Evolution) and WiMAX. 

Even as they migrate to these next-generation services and architectures, operators realize that the new 4G technologies (IP/Ethernet) and emerging  3G (ATM) services will need to coexist with existing legacy 2G (TDM). Operators and transport providers must maximize their investment in infrastructure and are always reluctant to take out and replace existing technology. In addition, voice and text are still the dominant revenue generators, and it is hard to justify the expense and disruption of moving subscribers to new handsets.  

Cost is also a dominant factor in the design of the next-generation backhaul infrastructure. According to Infonetics Research, mobile carriers now spend more than 30 percent of their operating budgets on backhaul—a projected $34B in 2008.  As traffic for high-bandwidth data services continues to grow, this cost will also increase exponentially. Operators must find a way to reduce the cost of the mobile backhaul.  

Clearly mobile operators need a new approach to cost-effectively scale their mobile backhaul networks. This new approach, in addition to being highly scalable and reliable, must bridge the gap between legacy and next-generation networks and services—providing the flexibility to support both. 

The Case for IP/MPLS in Backhaul

The mobile networking industry is recognizing an increasing role for IP/MPLS as the best strategic solution for backhaul. Only IP/MPLS has the combination of cost, scalability and flexibility that mobile operators need to leverage existing investments while building out capacity for the burgeoning data traffic.  IP/MPLS supports features such as: 

· TDM, ATM and Ethernet transport using pseudowires

· Strong ATM-like QoS

· Traffic engineering 

· Rapid service restoration after failure detection

· Ethernet, PDH and SDH links in the radio access network (RAN)

In addition, IP/MPLS provides a futureproof platform for migrating to new technologies such as evolving HSPA and 4G/LTE.

Many mobile carriers have adopted IP/MPLS in their core network, as it is a familiar and proven technology that can be easily extended to the cell site. The transition to IP in the backhaul network is already taking place and will track with the accelerating growth of data-based services.  Moving to IP/MPLS is simply a logical extension of a technology already in use in many mobile cores (see Figure 1). 

[image: image1.jpg]Circuit
Switched
. RAN





Figure 1.  Migration of IP/MPLS into Mobile Packet Core and Backhaul

Additionally, the cost for IP/MPLS-enabled transport (which leverages the cost efficiency of Ethernet) is significantly less than T1/E1 leased lines.  A recent study by Infonetics Research has shown a five-year operational and capital savings up to 40 percent by using IP/MPLS at the cell site instead of TDM infrastructure.  Unlike leased lines, which scale by adding a full T1 or E1 line, IP-based backhaul scales incrementally to the needed capacity. 

Unifying Backhaul with IP/MPLS

IP/MPLS can address the need for multiple technologies to coexist at the cell site.  MPLS is by its nature a unifying technology, allowing diverse protocols such as TDM, ATM and Ethernet to be transported on a single infrastructure. This capability allows carriers to extract the full value of their equipment investments while leveraging the advantages of new packet-based transport protocols. 

TDM information—usually voice traffic—can be transported over the IP/MPLS backhaul infrastructure using pseudowires. Pseudowires emulate circuit-based traffic, including ATM, over the packet-based infrastructure.  For many operators, pseudowires enable operational savings in the transport network, while avoiding the capital investment associated with hardware upgrades, so that they can move directly to LTE in the future. 

IP/MPLS Reliability: Matching SONET/SDH

Leased lines based on SONET/SDH are known for their high reliability and fast recovery from failures, and therefore, carriers want assurances that IP/MPLS will match that level of resiliency.  Fortunately, IP/MPLS has proved itself to be as reliable as SONET/SDH in many carrier deployments. 

Features such as MPLS Fast Reroute (FRR), which uses the RSVP-TE protocol, are key to ensuring high-availability and resiliency in MPLS backhaul networks.  Using FRR, a bypass (protected path) Label Switched Path (LSP) is created around each component (node or link) of the primary LSP. When a failure occurs, the network can quickly switch to the protected path, avoiding the delay normally associated with rebuilding routing tables.  The combination of FRR and carefully engineered primary and secondary LSPs allows IP/MPLS-based network to recover in tens of milliseconds—on par with SONET-based networks.

Tools Enhance Manageability of IP/MPLS-based Networks

There is a misconception that IP/MPLS is difficult to manage and complex to troubleshoot, resulting in higher operating expenses. Carriers are understandably reluctant to move to a new transport technology unless they are confident in its operation, administration and management (OAM) tools.  

However, in reality the management capabilities of IP/MPLS are extensive.  With years of success in a range of service provider deployments around the world, IP/MPLS includes a robust set of standards-based OAM tools that are easy to deploy, reduce troubleshooting time and make it possible to deliver resiliency that matches legacy TDM transport.   

The OAM toolkit for IP/MPLS includes:

· Tunnel-level tools, for example, LSP Ping (test LSP connectivity between ingress and egress routers in both directions) and LSP Trace Route (check integrity of LSPS with hop-by-hop traversal)

· Pseudowire-level tools, for example, Virtual Circuit Connectivity Verification (VCCV - test pseudowire state) and Bidirectional Forwarding Detection (BFD -  a hello protocol, check connectivity between forwarding planes) 

Deploying Packet-based Mobile Backhaul

Network architects face some hard decisions about when and how to phase in new technologies while supporting the existing voice network. Carriers can migrate to a packet-based backhaul in two primary ways, either with a full integration of voice and data over the IP infrastructure, or with a hybrid model.  

In the fully integrated approach, a single IP/MPLS infrastructure transports both voice and data (see Figure 2).  Voice traffic is transmitted over pseudowires in the backhaul, then converted back to native TDM/ATM at the aggregation site gateway.  This approach allows all traffic—voice and data—to take advantage of the benefits of IP/MPLS and yet preserves existing investments at both the cell site and the core network. 
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Figure 2.  Fully Integrated IP/MPLS Backhaul Architecture

In contrast, the hybrid model carries 2G and R99 voice over the existing TDM backhaul infrastructure and transports HSPA data traffic over cost-effective DSL or Ethernet backhaul (see Figure 3).  This approach allows carriers to build out capacity to accommodate the fastest-growing part of the backhaul traffic—data—without having to re-engineer the voice network.  By using the hybrid model, mobile operators can meet current needs for additional capacity by leveraging existing assets (for example, the widely deployed DSL infrastructure in Western Europe).  Deploying a hybrid model allows operators to develop greater familiarity with IP/MPLS technology and integrate voice traffic into the packet-based infrastructure at a later date. 
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Figure 3.  Hybrid IP/MPLS and TDM Backhaul Architecture

Timing Synchronization 

Synchronization is critical to maintain good voice quality, reduce interference and manage call handovers between base stations. Unfortunately, packet infrastructure lacks an intrinsic timing mechanism.  In a typical TDM network, the various entities are synchronized on a common source. As the mobile industry moves to packet-based backhaul networks, the same level of synchronization is needed.

There are several approaches to achieve this timing synchronization, including Synchronous Ethernet, Adaptive Clock Recovery and IEEE 1588 v2.  Network architects must consider which of these methods to use and ensure that their equipment vendors provide the necessary support. 

“Zero-touch” Reduces Site Visits, Speeds Deployment

The costs associated with managing a large number of cell sites can be a significant drain on profits for mobile operators.  Therefore, providers should consider deploying cell site gateways that have significant abilities for remote monitoring and control, so-called “zero-touch provisioning.”  Gateways with zero-touch provisioning are self-configuring: they can communicate directly with an automatic configuration server and DHCP server to obtain the needed IP address and configuration information (see Figure 4).  
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Figure 4.  Zero-touch Provisioning for Cell Site Gateway

Zero-touch provisioning streamlines the deployment process by reducing the need for “truck rolls” and service calls to multiple cell sites. It shortens the time to service delivery and reduces training requirements for cell support staff. 

Summary

The traditional TDM approach to mobile backhaul networks have limitations that make it difficult to meet the evolving demands of mobile networks.  However, IP/MPLS has proven itself over the years in fixed-line service providers as well as in mobile cores networks.  By transitioning their mobile backhaul infrastructures to IP/MPLS, operators can reduce operating expenses, scale more quickly and efficiently, and most importantly, position themselves to compete effectively for the coming tidal wave of data-rich mobile services. 
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