Achieving Fast Restoration
Times in IP Networks for

IPTV Video Transport




How can we improve the convergence times of
traditional IP Networks to satisfy video

services requirements?
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Traditional IP networks were built for
applications which can handle 2-4
seconds outages through retransmission
of packets

For Video, just a loss of a few packets
may result in visible artifacts — 20ms,
100ms, or 500ms will produce a visible
Impact if no additional error correction
methods are applied

The human eye has been trained over
the years to be acute detector of poor
video quality

Achieving fast convergence times is
quickly becoming a priority for SP’s
planning to offer video services
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Convergence mechanisms will be invoked in case of failures requiring
topology change:

Fiber cuts on protected links or unprotected links
Protected or unprotected line card failures
Protected or unprotected network element failures
Network maintenance activities

The occurrence of such failures is reIativeI%II:ow — ebg. for a single ?etv]york
may be approximately o

element with availability of 99.99% the MT
40,000 hours

Implementation choices involve trade-off between restoration times, and
operational complexity

« MPLS Fast Reroute can deliver sub-50ms restoration using Routed Pseudowires and
VPLS technologies

e |P network can deliver restoration times as low as 100ms

Either model can be deployed with currently available products
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IP TV Network
Convergence

Case Study
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Failure Convergence
The Breakdown




Two components that contribute to overall traffic restoration times:
Control Plane

Forwarding Plane

Control Plane Convergence

Protocol updates are required to exchange information after a topology
change: may include, but not limited to, IGP, EGP, PIM

Control plane convergence is completed when all network elements start
reflecting the updated topology

Forwarding Plane Convergence

The process by which routers and switches forward the traffic between ingress
and egress interface

Forwarding plane convergence is completed when affected traffic flows are
restored

Dependent upon platform implementation
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Failure Detection:
Loss of Signal
BFD Hellos

L2 Access
802.3ad, RTSP, VRRP,
HSRP, IGMP Query Timer

IGP (ISIS)
LSP Generation Interval
SPF Computation Interval

BGP (if applicable)
Minimum route
advertisement interval

Multicast (PIM)
Anycast PIM (S,G) join

Multicast Tree Established,
Video Restored

Failure Detection

Critical to trigger immediately the convergence process

1- Immediate Loss of Signal (LOS) detection is required for
directly connected physical link failures

Aggressive LOS detection timers

RISK: excessive routing updates; use with link/route
dampening

2 - Bidirectional Flow Detection (BFD) for non-direct links

BFD is a hello based protocol that can detect adjacency failures
in hundreds of milliseconds

BFD is alerting above protocols about a failure, only one BFD
instance is required

Can catch “silent” failures, when interfaces are still up

3 - OSPF, ISIS, PIM hello intervals
Alternative if BFD is not available

Aggressive timers tweaking for traditional hello based failure
discovery mechanisms

RISK: overlapping protocols with high hello rates
LIMITATIONS: hello timers tweaking may be limited
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Failure Detection:
lloss of Signai
BFD Hellos

“

L2 Access
802.3ad, RTSP, VRRP,
HSRF, IGMP Query Timer

N |
||

IGP (ISIS)
LSP Generation Interval
SPE Computation Interval

BGQ (if applicable)
M4 Im route
: interval

Multicast (PIM)
Anycast PIM (S,G) join

Multicast Tree Established,
Video Restored
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Layer 2 Access

Access Node (DSLAM, PON, etc.) uplink redundancy can be
used to provide residential services

Access Node can use dual attached links with 802.3ad link
aggregation or dual homing with 802.1w (RSTP) or 802.1s (MSTP)

Unicast convergence, VoD:

VRRP or HSRP are required on IP edge to insure Default Gateway
IP Address and MAC address can be kept unchanged at the
application client; e.g. STB

Unicast (VoD) convergence on Layer 2 Access will be a
combination of STP and VRRP convergence times

Multicast convergence, BTV:

The standby router needs to add (S,G) entry for the new interface. A
general IGMP query needs to be reissued on the router where
topology change is discovered to trigger a built of the tree

DSLAM or Residential Gateway respond to query in IGMP
proxy mode

STB will respond to query in transparent snooping mode




Distribution/Aggregation (IGP and EGP)

Failure Detection:
Loss of Signal
BFD Hellos |G P

ISIS and OSPF are the two most common protocols used; ISIS is

L2 Access discussed here, but similar mechanisms apply to OSPF

802.3ad, RTSP, VRRP, _ _ _ _
HSRP. IGMP Query Timer 1 — Trigger immediate LSP flooding

< — LSP flooding is used to propagate failure information, but certain timers

] prevent too frequent LSP generation:
\GP (ISIS)
LSH Generation interval minLSPGenerationinterval :
SPF,Computation Interval

Delay between detecting a failure and generating LSP’s.
5s suggested by ISO
B&P. (if applicable) minLSPTransmissionInterval:
I\/\jlmum route
advertigement interval Delay timer to prevent back to back updates
30s suggested by ISO

Multicast (PIM) RISK: excessive flooding, dampening may be used

Anycast PIM (S,G) join 2 — Trigger SPF computation
SPF Computation Delay
Vendor specific timers to protect CPU

Multicast Tree Established, ;
Video Restored Setto a Iqw value to account for LSP propagation delay and
network size
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Failure Detection:
Loss of Signal
BFD Heilos

L2 Access
802.3ad, RTSP, VRRP,
HSRP, IGMP Query Timer

-“/IN\

| iGP (isis)
LSR Generation Interval
SPF*Computation Interval

e

BQP (if applicabie)

M’\nimum route
advertisement interval

Multicast (PIM)
Anycast PIM (S,G) join

Multicast Tree Established,
Video Restored
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EGP

BGP is the EGP protocol. BGP may be used to advertise
Multicast/VoD source addresses:

BGP was designed for scaled routing information exchange, not
fast convergence

ASBR advertise eBGP learned routes to aggregating routers via
IBGP, the BGP-next-hop usually is not changed within the AS

If ASBR is involved in failure and next hop advertisement changes,
BGP convergence will be involved.

For network failures within the AS, BGP-next-hop to the multicast
source will not change in most cases, however the closest IGP
neighbor might change, requiring a local RIB update

Conclusion: BGP convergence may be negligible in most of
failure scenarios

For fast convergence requirements:

1 — Insure immediate withdrawal of routes with unreachable
next hop (default protocol behavior)

2 — Minimize MinRouteAdvertisementinterval to allow
immediate update propagation

BGP implements MinRouteAdvertisementinterval to avoid
back to back updates.




Failure Detection: PI M
Loss of Signai . ) ) ] ]
BFD Hellos Multicast Tree rebuild has to be triggered immediately after

unicast convergence

All nodes where multicast source (S) reachability is changed, start

L2 Access i
802.3ad. RTSP. VRRP. the (S,G) Tree rebuilding process

HSRP, IGMP Query Timer No standard timers for (S,G) join trigger upon topology change
' . j Vendor specific timers may exist and need to be tweaked

5 [ e Video Headend Convergence

SPF Computation Interval . . . .
Anycast source Is an appropriate mechanism to pI‘OVIde

Active/Active redundancy to reduce convergence times

BOP (if applicable) Two or more encoders with identical IP addresses streaming the

MNimum route same content
advertlxement interval

(S,G) trees are built to the closest source and can converge to the
next closest source in case of failure using previously described

mechanisms
Multicast (PIM)
Anycast PIM (S,G) join Current Challenges:

Content corruption: Content stream failures require additional
content management devices within head-ends to be detected

Multicast Tree Established, Single IP Source for multiple streams: (S,Gx) tree has to time
Vielze [Reshiee out if a single route cannot be withdrawn without impacting
other streams (S,Gy).
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Timer Definition Default Value Proposed Value
Physical
10msec (GE)*
2sec (POS)
BFD Not Specified 50 msec
30 sec (PIM)
Hello Interval 3 sec (ISIS)*
10 sec (OSPF)*

Min LSP Transmission Interval 50 msec* / 5 sec 1 msec

Loss of Signal-Carrier Delay

SPF Computation Delay 5.5 sec 100 msec

BGP

Min Advertisement Delay 30 sec

* Cisco Default timers
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Test Methodology and

Results




Measured times:
Outage caused by a failure
Outage caused by a recovery

Measurements method:

The outage in terms of period during which the
packets were not delivered between the head end
and STB location was measured with IXIA test set

Traffic generation for control and data plane
scale:

Video: 400 multicast groups
Non video back-ground traffic: 4000 L2 VCs
Combined throughput: 9.4Gbps on 10G links

Failure simulation: link failures between
distribution and aggregation routers
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Broadcast TV Convergence Test Results

Default Timers

Fast Convergence
Timers

Failure Time [S]

2.5 -4 sec

0.1 -0.2"sec

0.2-0.7"sec

Recovery Time [s]

0.1 -0.2 sec

0.005 -0.1 sec

Video on Demand Convergence

Failure Time [S]

2.5 —-3.5sec

0.02 — 0.04 sec

Recovery Time [s]

0

0

* Baseline results

** With Highly scaled Control and Forwarding plane
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