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Traffic Engineering 79

® Layer 3 MPLS VPN backbone traffic engineered with MPLS TE— This scenario is

slightly more complicated. In addition to the labels usually required by MPLS VPN (the
LDP and BGP labels), an additional label corresponding to the TE LSP is pushed onto the
label stack as the traffic is forwarded onto the TE LSP by the TE LSP headend router. In
Figure 2-14, an IP packet is sent by the CE router. Upon receiving the IP packet, the PE
router determines the VRF and pushes a two-label stack. This label stack corresponds to
the BGP label provided by the PE router, which advertises the destination prefix for the
VPN in question plus the LDP label to reach the destination PE router. The packet is then
label-switched until it reaches P1. At this point, the headend router P1 pushes an
additional label corresponding to the TE LSP. It is worth mentioning that the LDP label is
swapped and the remote LDP peer P3 provides the corresponding label. Why is an LDP
session required between the headend and the tail-end of the TE LSP (P1 and P3 in this
example)? As you saw in the previous example, a PHP operation is performed by the
penultimate hop of the TE LSP. Hence, without an LSP session between the headend and
tail-end of the TE LSP, the TE LSP tail-end router (P3 in this example) would receive a
packet with an unknown BGP label instead of receiving an LDP label and would just drop
the packet (or forward it using what it believes to be the correct forwarding entry, thus
causing a traffic black hole).

In the case of a TE LSP established between PE routers, there is no need for any LDP session.
Hence, two labels are imposed on the IP packets received from the CE routers— the BGP label
and the RSVP-TE label.

Reoptimizing a Traffic Engineering LSP
Network state keeps changing. Links and nodes fail and recover; new TE LSPs are set up while
others may be torn down. Consequently, for any TE LSP, a more optimal path may appear in the
network. It is then highly desirable to detect the existence of such a path and reoptimize a TE LSP
along a better path when it becomes available. Consider the example shown in Figure 2-15.
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Figure 2-15 Reoptimizing a TE LSP
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i Traffic Engineering 81

Rf4~R5)_, agd 1F reroutes the TE LSP along this more optimal path. This illustrates the concept
of reoptimization. There are several important aspects to highlight:

¢ Nondisruptive reoptimization— A ke
a TE LSP along a more optimal
router should not tear down the

Y property of MPLS TE is its ability to reoptimize
path without any traffic disruption . Hence, the headend

e “old” LSP and then reestablish it along a more optimal
path. Instead, the headend router first establishes the new TE LSP (which belongs to the

same sessiog as the old TE LSP). As soon as that new TE LSP is successfully set up, the
old TELSP is torn dow‘n. This is known as the make-before-break mechanism, a property
that was not really available (implemented) with other Layer 2 protocols such as ATM.

Avoid double booking —If you carefully observe Figure 2-15, you will notice that after
T1 has been torn down, the available bandwidth on the link R4-RS5 is 7 Mbps, which is
not enough to accommodate the second occurrence/LSP of T2 (along the more optimal
path). So how can R6 set up the LSP along the path R6-R2-R3-R4-RS5 without first
tearing down the TE LSP, because the make-before-break procedure appears to have both
LSPs active at the same time? The answer is that T2 is reoptimized with the option of
sharing the bandwidth with the old LSP of T2. In other words, when the new LSP of T2
is signaled, the router R4 sees that it shares the bandwidth with the old LSP (thanks to
RSVP’s Share Explicit option). Hence, no double booking occurs (R4’s call admission
control does not count the bandwidth twice). Similarly, when computing the path for the
reoptimized TE LSP, the headend (R6 in this example) knows that the available bandwidth
to reoptimize T2 is the current network reservation state plus the bandwidth that will be
freed up by the current LSP for T2.

An important aspect of any MPLS TE network design relates to the reoptimization triggers.
How often and when should a TE LSP be evaluated for reoptimization? A Cisco router has
several reoptimization triggers:

® Manual reoptimization— A command is issued on the headend router that triggers a
reoptimization evaluation for each TE LSP the router is the headend for. If a better path is
; found, the TE LSP is reoptimized according to the make-before-break procedure.

| ® Timer-based reoptimization—A reoptimization.tir.ner is conﬁgured.op the headend
; router. Upon expiration, the headend tries to reoptimize each TE LSP it is the headend for.

® Event-driven reoptimization—In some cases, it may be desirable to triggel.' a |

reoptimization upon the occurrence of a particular event, such as the restoration of a link
in the network. Indeed, if a link is restored in the network, some TE LSPs.may beneﬁ.t
from that new link to follow a more optimal path. When copﬁgured, each tm.le anew link
is advertised as newly operational, this triggers the evaluation o_f any potential ‘
reoptimization. It is worth noting that this should be handl.ed w1tl.1 some care to avoid
network instability. Let’s consider the case of an unstable hr}k. This would .ha.ve the ef.fect
of constantly attracting new TE LSPs, which “fo.md henalland bered tum?ed ey

i very undesirable network instability and f:onsec!uent!y trafﬁc disruption.
creating some very ger should always be used in conjunction with a dampening

i i such a trig : A R
Thlshexl?:i::lnast‘:’;‘g'inte rface or IGP level to avoid network instabilities in case of unstable
mechani

links or routers.
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