
Chapter 3 

MPLS Traffic Engineering and Techniques 

3.1 Overview 

TE which was mainly present in Asynchronous Transfer Mode (ATM) or Frame Relay 

networks is the ability to steer traffic through a network from edge to edge in the most 

optimal way. In earlier networks, virtual circuits were laid -out to carry traffic from one 

edge point in the network to another and today most networks rely on a pure IP solution. 

With IP/MPLS-TE capabilities are integrated into layer 3, which optimizes the routing of 

IP traffic based, on the given constraints imposed by backbone capacity and topology. 

Traffic flows across a network are based on the resources available in the network. MPLS 

is an integration of layer 2 and layer 3 technologies and by making traditional layer 2 

features available to layer 3 MPLS enables traffic engineering. 

WAN links are an expensive resource in a service provider budget. Traffic engineering 

enables service provider's network traffic to route in such a way that these links are 

utilized efficiently in terms of throughput. TE modifies routing patterns to provide 

efficient mapping of traffic flows to network resources and this efficient mapping can 

reduce the occurrence of congestion and improves service quality in terms of the delay, 

jitter and loss that packets experience. Also it guarantees service levels to end users and 

reduces the impact of network failures thus increasing service availability. 

MPLS-TE provides explicit routing capabilities to MPLS networks. An originating LSR 

or head-end edge node can set up a TE LSP to a terminating LSR or tail-end through an 

explicitly defined path containing a list of intermediate LSR's or midpoints. IP uses 

destination-based routing and does not provide a general and scalable method for 

explicitly routing traffic. Alternatively, MPLS networks can support destination-based and 

explicit routing simultaneously. MPLS-TE uses extensions to RSVP and the MPLS 

forwarding model to provide explicit routing. These enhancements provide a level of 

routing control that makes MPLS suitable forTE. 
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IP routing is based on leased cost routing strategy because IP networks are governed by 

the need to get traffic across the network to the destination as quickly as possible. Every 

CPE2 C2 C3 

Figure 3.1: IP forwarding network 

IP routing protocol has a cost associated with the links in the networks. The accumulation 

of the cost of every link of a path is used to calculate the smallest cost path to forward 

traffic through the network. This cost can be a single or composite based on the routing 

protocol used. 

IP forwarding model is based on leased cost path and does not take into account 

bandwidth available on the link which might be different to the link cost. Therefore a 

router can keep forwarding IP traffic onto a link, even though that link is already dropping 

packets due to insufficient bandwidth to forward all the traffic flows for which the routing 

table sees a shortest path for that destination. This results shortest path links to be over 

utilized and alternate links to be underutilized. TE could solve this problem by utilizing 

the alternative paths to divert traffic. 

From the figure 3.1 assuming all links have the same cost then preferred path between the 

customer premises equipments (CPE's) will take the least cost path Cl CS C4 and the 

alternative path Cl C2 C3 C4 will be idle. For example in the event of CPEl and CPE2 

simultaneously sending traffic to CPE 3 and if bandwidth A+B Mbps exceeds C or D 

Mbps some packets would be dropped at Cl or CS. IP routing protocols can be used to 
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overcome this either by load balancing between both paths or by using routing protocol 

metrics steering CPE2 traffic along the C 1 C2 C3 C4 path, but this would causing 

complexity in an service provider mesh network environment considering operational 

point of view. When MPLS-TE is implemented, the IP network shown figure 2.8 

transforms into the label switched domain in which the TE label switched paths or TE 

tunnels Tunnell and Tunnel2 defined paths that can be used by traffic between Cl and C4. 

Here tunnel 1 may represent path Cl CS C4 and tunnel2 Cl C2 C3 C4. 

The main advantage of implementing MPLS-TE is that it provides a combination of ... 
ATM's TE capabilities along with the class of service (CoS) differentiation of IP. 

Therefore, to avoid packet drops due to inefficient use of available bandwidth and to 

provide better performance, TE enables to steer some of the traffic destined to follow the 

optimal path to an alternate path to enable better bandwidth management and utilization 

between a pair of routers. MPLS-TE also provides a resilient design in which a secondary 

path can be used when the primary path fails between two routers in a network. 

3.2 How MPLS-TE Operates 

MPLS-TE operates using logically defined tunnels which are unidirectional per direction 

and each data flow between a specific source and destination will have properties or 

attributes associated with them. The attributes associated with a tunnel, in addition to the 

ingress (head end) and egress (tail end) points of the network, can include the bandwidth 

requirements and the CoS for data that will be forwarded utilizing this tunnel. Traffic is 

forwarded along the path defined as the TE tunnel assigned to a specific LSP from source 

to destination, which are usually edge routers. Unless configured explicitly, TE tunnels 

can reroute packets via any path through the network associated with an MPLS LSP. This 

path might be defined by the IGP used in the core network. 

An IGP protocol such as OSPF or IS-IS with extensions for TE is used to carry 

information pertaining to the tunnel configured on a router and these extensions carry 

information on available resources for building a tunnel, like bandwidth on a link. As a 

result, if a link that does not have the requested resources (example bandwidth) it is not 
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chosen to be a part of the LSP tunnel or TE tunnel. Signaling in an MPLS-TE environment 

uses RSVP with extensions to support TE tunnel features. 

CaiCLtlation database 
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OSPF or IS IS tlctnbution 

ofTE information 

Figure 3.2: MPLS-TE Tunnels 

Figure 3.2 illustrates the same example shown in figure 3.1; additionally showing the TE 

tunnels (Tunne 1 and Tunnel 2) which have been used to occupy the C 1 C2 C3 C4 

underutilized link. Ingress (head end) router C 1 gathers information on all the available 

resources in the network along with the topology, which defines tunnels through the 

network between a set of MPLS-enabled routers using the flooded information in IGP 

updates. In IS-IS a new (TL V) (type 22) has been developed to transmit information 

pertaining to resource availability and link status (LS) in the LS-PDUs. In OSPF, the type 

10 link state advertisements (LSA) provide resource and links status information. 

Constraint Based Routing (CBR), which is the key mechanism in MPLS-TE which takes 

into account the possibility of multiple paths between a specific source and destination 

pair in a network. With CBR, the operation of an IP network is enhanced so the least cost 

routing can be implemented as well as variables to find paths from a source to destination. 

Resource availability and link status information are calculated using a Constrained 

Shortest Path Calculation (CSPF) calculation in which factors such as the bandwidth, 

policies, and topology are taken into consideration to define probable paths from a source 

to destination. 
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3.2.1 :viPLS-TE Signaling Protocols 

There are two signaling protocols for MPLS-TE. RSVP extension forTE (RSVP-TE) and 

constrained based LDP (CR-LDP). IETF consensus was reached to carry on with 

developing RSVP as the signaling protocol for MPLS-TE and to stop further development 

on CR-LDP. This was documented in RFC 3468. 

RSVP reserves bandwidth along a path from a specific source to destination. RSVP 

messages are sent by the head-end router in a network to identify resource availability 
/ 

along the path from a specific source to destination. The head-end router is always the 

source of the MPLS-TE tunnel, and the tail-end router is the router that functions as the 

endpoint for the TE tunnel. 

3.2.2 Resource Reservation protocol (RSVP) Extensions 

RSVP-TE is used to establish MPLS LSPs when there are traffic engmeenng 

requirements. It is mainly used to provide QoS and load balancing across the core 

network. MPLS traffic engineering automatically establishes and maintains the tunnel 

across the backbone, using RSVP. The path used by a given tunnel at any point in time is 

detennined based on the tunnel resource requirements and network resources, such as 

bandwidth. The four main messages used in implementation of RSVP for TE are 

described below. 

1. RSVP PATH message~ Generated by the head-end router and is forwarded 

through the network along the path of a future TE LSP. At each hop, the PATH 

message checks the availability of requested resources and stores this infom1ation 

thus RSVP PATH message functions as a label request in MPLS-TE domain. 

2. RSVP RESERVATION message- Created by the tail-end router in the MPLS

TE domain and used to confirm the reservation request that was sent earlier with 

the PATH messages. 
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3. RSVP error messages- In the event of unavailability of the requested resources, 

the router generates RSVP error messages and sends them to the router from which 

the request or reply was received. 

4. RSVP tear messages- RSVP creates two types of tear messages, namely, the 

PATH tear message and the RESERVATION tear message. These tear messages 

clear the PATH or RESERVATION states on the router instantaneously. The 

process of clearing a PATH or RESERVATION state on a router using tear 

messages enables the reuse of resources on the router for other requests. 
_,. 

RFC 3209 defines these RSVP TE extensions [12]. RSVP "Path" messages flow 

downstream with a collection of four objects which relates to EXPLICIT_ ROUTE, 

LABEL_REQUEST, SESSION_ ATTRIBUTE, and RECORD ROUTE. The 

EXPLICIT_ ROUTE object contains a hop list that defines the explicit routed path that the 

signaling will follow. The RECORD _ROUTE object collects hop and label information 

along the signaling path. The SESSION_ ATTRIBUTE object lists the attribute 

requirements of the LSP (priority, protection etc.). RSVP "Resv" messages flow upstream 

and include two objects related to MPLS-TE (LABEL and RECORD_ROUTE). 

3.2.3 Traffic Selection 

Selection of traffic to the TE LSP can be done using different approaches which can be 

static or dynamic. For example, it can also depend on packet type such as IP or contents 

such as CoS. An MPLS network can make use of several traffic-selection mechanisms 

depending on the services it offers. Traffic can enter the TE LSP only at the head-end and 

therefore, the selection of the traffic is a local head-end decision. Thus MPLS-TE provides 

f1exibility by separating TE LSP creation from the process of selecting the traffic that will 

use the TE LSP. 
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