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SDH Topologies and Upgrades

This chapter explains Cisco ONS 15454 SDH topologies and upgrades. To provision topologies, refer to
the Cisco ONS 15454 SDH Procedure Guide.

Chapter topics include:

e 12.1 SDH Rings and TCC2/TCC2P Cards, page 12-1

e 12.2 Multiplex Section-Shared Protection Rings, page 12-2

e 12.3 Subnetwork Connection Protection, page 12-13

e 12.4 Dual Ring Interconnect, page 12-18

e 12.5 Comparison of the Protection Schemes, page 12-25

e 12.6 Subtending Rings, page 12-26

e 12.7 Linear ADM Configurations, page 12-28
e 12.8 Extended SNCP Mesh Networks, page 12-29

e 12.9 Four Node Configurations, page 12-31
e 12.10 STM-N Speed Upgrades, page 12-31

12.1 SDH Rings and TCC2/TCC2P Cards

Table 12-1 shows the SDH rings that can be created on each ONS 15454 SDH node using redundant

TCC2/TCC2P cards.

Table 12-1 ONS 15454 SDH Rings with Redundant TCC2/TCC2P Cards
Ring Type Maximum Rings per Node

MS-SPRings! 5

2-Fiber MS-SPRings 5

4-Fiber MS-SPRings 1

SNCP with RS-DCC 3423

SNCP with MS-DCC 1443

SNCP with MS-DCC and 26°

RS-DCC

1. MS-SPRing = multiplex section-shared protection ring
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12.2 Multiplex Section-Shared Protection Rings

Total RS-DCC usage must be equal to or less than 84 RS-DCCs.

See the “12.3 Subnetwork Connection Protection” section on page 12-13.

Total MS-DCC usage must be equal to or less than 28 MS-DCCs.

See the “12.3 Subnetwork Connection Protection” section on page 12-13.

Total MS-DCC and RS-DCC usage must be equal to or less than 84. When
MS-DCC is provisioned, an RS-DCC termination is allowed on the same port, but is
not recommended. Using RS-DCC and MS-DCC on the same port is only needed

during a software upgrade if the other end of the link does not support MS-DCC. You
can provision RS-DCCs and MS-DCCs on different ports in the same node.

S

12.2 Multiplex Section-Shared Protection Rings

There are two types of MS-SPRings: two-fiber and four-fiber. Two-fiber MS-SPRings share service and
protection equally, but only two physical fibers are required. For more information, see the

“12.2.1 Two-Fiber MS-SPRings” section on page 12-2. With four-fiber MS-SPRings, the nodes on both
sides of the failed span perform a span switch and use the second pair of fibers as the new working route.
For more information, see the “12.2.2 Four-Fiber MS-SPRings” section on page 12-5.

The ONS 15454 SDH can support five concurrent MS-SPRings in one of the following configurations:
¢ Five two-fiber MS-SPRings
¢ Four two-fiber and one four-fiber MS-SPRings

Each MS-SPRing can have up to 32 ONS 15454 SDH nodes. Because the working and protect
bandwidths must be equal, you can create only STM-4 (two-fiber only), STM-16, or STM-64
MS-SPRings. For information about MS-SPRing protection channels, see the “11.8 MS-SPRing
Protection Channel Access Circuits” section on page 11-16.

~

Note MS-SPRings with 16 or fewer nodes have a switch time of 50ms. MS-SPRings with 16 or more
nodes have a switch time of 100 ms.

S

Note  For best performance, MS-SPRings should have one LAN connection for every ten nodes in the
MS-SPRing.

12.2.1 Two-Fiber MS-SPRings

In two-fiber MS-SPRings, each fiber is divided into working and protect bandwidths. For example, in an
STM-16 MS-SPRing (Figure 12-1), VC4s 1 to 8 carry the working traffic, and VC4s 9 to 16 are reserved
for protection. Working traffic (VC4s 1 to 8) travels in one direction on one fiber and in the opposite
direction on the second fiber. The Cisco Transport Controller (CTC) circuit routing routines calculate
the “shortest path” for circuits based on many factors, including user requirements, traffic patterns, and
distance. For example, in Figure 12-1, circuits going from Node 0 to Node 1 typically travel on Fiber 1,
unless that fiber is full, in which case circuits are routed on Fiber 2 through Node 3 and Node 2. Traffic
from Node 0 to Node 2 (or Node 1 to Node 3), can be routed on either fiber, depending on circuit
provisioning requirements and traffic loads.
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12.21 Two-Fiber MS-SPRings W

Figure 12-1 Four-Node, Two-Fiber MS-SPRing
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The SDH K1, K2, and K3 bytes carry the information that governs MS-SPRing protection switches. Each
MS-SPRing node monitors the K bytes to determine when to switch the SDH signal to an alternate
physical path. The K bytes communicate failure conditions and actions taken between nodes in the ring.

If a break occurs on one fiber, working traffic targeted for a node beyond the break switches to the protect
bandwidth on the second fiber. The traffic travels in a reverse direction on the protect bandwidth until it
reaches its destination node. At that point, traffic is switched back to the working bandwidth.

Figure 12-2 shows a sample traffic pattern on a four-node, two-fiber MS-SPRing.
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Bl 1221 Two-Fiber MS-SPRings

Figure 12-2 Four-Node, Two-Fiber MS-SPRing Traffic Pattern
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Figure 12-3 shows how traffic is rerouted after a line break between Node 0 and Node 3.

e All circuits originating on Node 0 and carried to Node 2 on Fiber 2 are switched to the protect
bandwidth of Fiber 1. For example, a circuit carried on VC4-1 on Fiber 2 is switched to VC4-9 on
Fiber 1. A circuit carried on VC4-2 on Fiber 2 is switched to VC4-10 on Fiber 1. Fiber 1 carries the
circuit to Node 3 (the original routing destination). Node 3 switches the circuit back to VC4-1 on
Fiber 2 where it is routed to Node 2 on VC4-1.

e Circuits originating on Node 2 that were normally carried to Node 0 on Fiber 1 are switched to the
protect bandwidth of Fiber 2 at Node 3. For example, a circuit carried on VC4-2 on Fiber 1 is
switched to VC4-10 on Fiber 2. Fiber 2 carries the circuit to Node 0 where the circuit is switched
back to VC4-2 on Fiber 1 and then dropped to its destination.
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12.2.2 Four-Fiber MS-SPRings W

Figure 12-3 Four-Node, Two-Fiber MS-SPRing Traffic Pattern After Line Break
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12.2.2 Four-Fiber MS-SPRings

Four-fiber MS-SPRings double the bandwidth of two-fiber MS-SPRings. Because they allow span
switching as well as ring switching, four-fiber MS-SPRings increase the reliability and flexibility of
traffic protection. Two fibers are allocated for working traffic and two fibers for protection, as shown in
Figure 12-4. To implement a four-fiber MS-SPRing, you must install four STM-16 cards or four STM-64
cards at each MS-SPRing node.
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W 1222 Four-Fiber MS-SPRings

Figure 12-4 Four-Node, Four-Fiber MS-SPRing
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Node 2 <------- = Protect fibers

Four-fiber MS-SPRings provide span and ring switching.

Span switching occurs when a working span fails (Figure 12-5). Traffic switches to the protect fibers
between the nodes (Node 0 and Node 1 in the Figure 12-5 example) and then returns to the working
fibers that did not fail. Multiple span switches can occur at the same time.
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12.2.2 Four-Fiber MS-SPRings W

Figure 12-5 Four-Fiber MS-SPRing Span Switch
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Ring switching occurs when a span switch cannot recover traffic (Figure 12-6), such as when both the
working and protect fibers fail on the same span. In a ring switch, traffic is routed to the protect fibers
throughout the full ring.
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M 1223 MS-SPRing Bandwidth

Figure 12-6 Four-Fiber MS-SPRing Switch
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12.2.3 MS-SPRing Bandwidth

An MS-SPRing node can terminate traffic it receives from either side of the ring. Therefore,

MS-SPRings are suited for distributed node-to-node traffic applications such as interoffice networks and
access networks.

MS-SPRings share the ring bandwidth equally between working and protection traffic. Half of the

payload bandwidth is reserved for protection in each direction, making the communication pipe half-full
under normal operation.

MS-SPRings allow bandwidth to be reused around the ring and can carry more traffic than a network
with traffic flowing through one central hub. MS-SPRings can also carry more traffic than an SNCP ring
operating at the same STM-N rate. Table 12-2 shows the bidirectional bandwidth capacities of two-fiber
MS-SPRings. The capacity is the STM-N rate divided by two, multiplied by the number of nodes in the
ring and minus the number of pass-through VC4 circuits.

Table 12-2 Two-Fiber MS-SPRing Capacity

STM Rate |Working Bandwidth Protection Bandwidth  |Ring Capacity
STM-4  |VC41-2 VC4 3-4 2 x N' - PT?
STM-16 |VC4 1-8 VC4 9-16 8xN-PT
STM-64 |VC4 1-32 VC4 33-64 32xN-PT

1. N equals the number of ONS 15454 SDH nodes configured as MS-SPRing nodes.

2. PT equals the number of VC4 circuits passed through ONS 15454 SDH nodes in the ring. (Capacity can vary
depending on the traffic pattern.)
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12.2.4 MS-SPRing Application Sample

Table 12-3 shows the bidirectional bandwidth capacities of four-fiber MS-SPRings.

Table 12-3 Four-Fiber MS-SPRing Capacity

STM Rate |Working Bandwidth Protection Bandwidth  |Ring Capacity

STM-16 | VC4 1-16 (Fiber 1) VC4 1-16 (Fiber 2) 16 x N-PT

STM-64 |VC4 1-64 (Fiber 1) VC4 1-64 (Fiber 2) 64 x N — PT

Figure 12-7 shows an example of MS-SPRing bandwidth reuse. The same VC4 carries three different
traffic sets simultaneously on different spans on the ring: one set from Node 3 to Node 1, one set from
Node 1 to Node 2, and another set from Node 2 to Node 3.

Figure 12-7 MS-SPRing Bandwidth Reuse
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12.2.4 MS-SPRing Application Sample

Figure 12-8 shows a sample two-fiber MS-SPRing implementation with five nodes. A regional
long-distance network connects to other carriers at Node 0. Traffic is delivered to the service provider’s
major hubs.

Carrier 1 delivers six E-3s over two STM-1 spans to Node 0. Carrier 2 provides twelve E-3s directly.
Node 0 receives the signals and delivers them around the ring to the appropriate node.

The ring also brings 14 E-1s back from each remote site to Node 0. Intermediate nodes serve these
shorter regional connections.

The ONS 15454 SDH STM-1 card supports a total of four STM-1 ports so that two additional
STM-1 spans can be added at little cost.

| November 2009

Cisco ONS 15454 SDH Reference Manual, R7.2 ]



Chapter 12 SDH Topologies and Upgrades |

M 1224 MS-SPRing Application Sample

Figure 12-8 Five-Node, Two-Fiber MS-SPRing
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Figure 12-9 shows the shelf assembly layout for Node 0, which has one free slot.
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12.2.4 MS-SPRing Application Sample

Figure 12-9 Shelf Assembly Layout for Node 0 in Figure 12-8
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Figure 12-10 shows the shelf assembly layout for the remaining sites in the ring. In this MS-SPRing
configuration, an additional eight E-3s at Node IDs 1 and 3 can be activated. An additional four E-3s can
be added at Node ID 4, and ten E-3s can be added at Node ID 2. Each site has free slots for future traffic
needs.

Figure 12-10 Shelf Assembly Layout for Nodes 1 to 4 in Figure 12-8

T

Lower Shelf

TUIOUUIT

Uﬂﬂﬁ
ﬁﬂﬁm

\ﬂﬂﬂ
iid

HHMUHHUfj*“H

i [i §

TR RFERBEIFC28I8 T mm
L
zlz|lo|o|o|o|Qla o3 |OK[K|S|S|L|X
Llele|e el e N @@ g (g P[0
*rlg|alolal3|9la|o|F|a|alg |
sl &0 gg =5 o34 9 |Q

Q|3 2 Q=

'\)CD gl\)_.._l.

TS 2lvlo |o

134601

Cisco ONS 15454 SDH Reference Manual, R7.2
| November 2009 .m



Chapter 12 SDH Topologies and Upgrades |

B 1225 MS-SPRing Fiber Connections

12.2.5 MS-SPRing Fiber Connections

Plan your fiber connections and use the same plan for all MS-SPRing nodes. For example, make the east
port the farthest slot to the right and the west port the farthest slot to the left. Plug fiber connected to an
east port at one node into the west port on an adjacent node. Figure 12-11 shows fiber connections for a
two-fiber MS-SPRing with trunk cards in Slot 5 (west) and Slot 12 (east). Refer to the

Cisco ONS 15454 SDH Procedure Guide for fiber connection procedures.

)
Note  Always plug the transmit (Tx) connector of an STM-N card at one node into the receive (Rx)

connector of an STM-N card at the adjacent node. Cards display an SF LED when Tx and Rx
connections are mismatched.

Figure 12-11 Connecting Fiber to a Four-Node, Two-Fiber MS-SPRing
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For four-fiber MS-SPRings, use the same east-west connection pattern for the working and protect

fibers. Do not mix working and protect card connections. The MS-SPRing does not function if working
and protect cards are interconnected. Figure 12-12 shows fiber connections for a four-fiber MS-SPRing.
Slot 5 (west) and Slot 12 (east) carry the working traffic. Slot 6 (west) and Slot 13 (east) carry the protect
traffic.
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12.2.6 Two-Fiber MS-SPRing to Four-Fiber MS-SPRing Conversion I

Figure 12-12 Connecting Fiber to a Four-Node, Four-Fiber MS-SPRing
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12.2.6 Two-Fiber MS-SPRing to Four-Fiber MS-SPRing Conversion

Two-fiber STM-16 or STM-64 MS-SPRings can be converted to four-fiber MS-SPRings. To convert the
MS-SPRing, install two STM-16 or STM-64 cards at each two-fiber MS-SPRing node, then log into CTC
and convert each node from two-fiber to four-fiber. The fibers that were divided into working and protect
bandwidths for the two-fiber MS-SPRing are now fully allocated for working MS-SPRing traffic. Refer
to the Cisco ONS 15454 SDH Procedure Guide for MS-SPRing conversion procedures.

12.3 Subnetwork Connection Protection

Subnetwork connection protection (SNCP) rings provide duplicate fiber paths in the network. Working
traffic flows in one direction and protection traffic flows in the opposite direction. If a problem occurs
in the working traffic path, the receiving node switches to the path coming from the opposite direction.
With SNCP ring networks, switching occurs at the end of the path and is triggered by defects or alarms
along the path.

The network can be divided into a number of interconnected subnetworks. Within each subnetwork,
protection is provided at the path level and the automatic protection switching between two paths is
provided at the subnetwork boundaries. The node at the end of the path and the intermediate nodes in
the path select the best traffic signal. The virtual container is not terminated at the intermediate node;
instead, it compares the quality of the signal on the two incoming ports and selects the better signal.
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I 123 Subnetwork Connection Protection

CTC automates ring configuration. SNCP ring network traffic is defined within the ONS 15454 SDH on
a circuit-by-circuit basis. If an extended SNCP ring mesh network circuit is not defined within a 1+1 or
MS-SPRing line protection scheme and path protection is available and specified, CTC uses an SNCP
ring as the default protection mechanism.

An SNCP ring circuit requires two DCC-provisioned optical spans per node. SNCP ring circuits can be
created across these spans until their bandwidth is consumed.

The span bandwidth consumed by an SNCP ring circuit is two times the circuit bandwidth because the
circuit is duplicated. The cross-connection bandwidth consumed by an SNCP ring circuit is three times
the circuit bandwidth at the source and destination nodes only. The cross-connection bandwidth
consumed by an intermediate node has a factor of one.

The SNCP ring circuit limit is the sum of the optical bandwidth containing 84 regenerator-section data
communication channels (RS-DCCs) or 28 multiplex-section data communication channels
(MS-DCCs), divided by two. The spans can be of any bandwidth from STM-1 to STM-64.

Figure 12-13 shows a basic SNCP ring configuration. If Node A sends a signal to Node C, the working
signal travels on the working traffic path through Node B.

Figure 12-13 Basic Four-Node SNCP Ring
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The same signal is also sent on the protect traffic path through Node D. If a fiber break occurs
(Figure 12-14), Node C switches its active receiver to the protect signal coming through Node D.
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Figure 12-14 SNCP Ring with a Fiber Break
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Because each traffic path is transported around the entire ring, SNCP rings are best suited for networks
where traffic concentrates at one or two locations and is not widely distributed. SNCP ring capacity is
equal to its bit rate. Services can originate and terminate on the same SNCP ring, or they can be passed
to an adjacent access or interoffice ring for transport to the service-terminating node.

Figure 12-15 shows a common SNCP ring application. STM-1 path circuits provide remote switch
connectivity to a host V5.x switch. In the example, each remote switch requires eight E-1s to return to
the host switch. Figure 12-16 on page 12-17 and Figure 12-17 on page 12-17 show the shelf layout for

each node in the example.
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I 123 Subnetwork Connection Protection

Figure 12-15 STM-1 SNCP Ring
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Node A has four E1-14 cards to provide 42 active E-1 ports. The other sites only require two E1-14 cards
to carry the eight E-1s to and from the remote switch. You can use the other half of each

ONS 15454 SDH shelf assembly to provide support for a second or third ring to other existing or planned
remote sites.

In this sample STM-1 SNCP ring, Node A contains four E1-14 cards and two STM-1 cards. Six free slots
are available, which you can provision with cards or leave empty.

A

Caution  Fill unused card slots with a filler card (Cisco P/N 15454-BLANK). Cover unused FMEC slots with a
blank faceplate (Cisco P/N 15454E-BLANK-FMEC). The filler cards and blank faceplates ensure proper
airflow when operating the ONS 15454 SDH without the front door attached, although Cisco
recommends that the front door remain attached.

Figure 12-16 shows the shelf setup for this sample configuration.
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12.3 Subnetwork Connection Protection W

Figure 12-16 Card Setup of Node A in the STM-1 SNCP Ring Example
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In Figure 12-15 on page 12-16, Nodes B through D each contain two E1-14 cards and two STM-1 cards.
Eight free slots are available that you can provision with other cards or leave empty. Figure 12-17 shows
the shelf assembly setup for this sample configuration.

Figure 12-17 Card Setup of Nodes B-D in the STM-1 SNCP Ring Example
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M 124 Dual Ring Interconnect

12.4 Dual Ring Interconnect

Dual ring interconnect (DRI) topology provides an extra level of path protection for circuits on
interconnected rings. DRI allows users to interconnect MS-SPRings, SNCPs, or an SNCP with an
MS-SPRing, with additional protection provided at the transition nodes. In a DRI topology, ring
interconnections occur at two or four nodes.

The drop-and-continue DRI method is used for all ONS 15454 SDH DRIs. In drop-and-continue DRI, a
primary node drops the traffic to the connected ring and routes traffic to a secondary node within the
same ring. The secondary node also routes the traffic to the connected ring; that is, the traffic is dropped
at two different interconnection nodes to eliminate single points of failure. To route circuits on DRI, you
must choose the Dual Ring Interconnect option during circuit provisioning. Dual transmit is not
supported.

Two DRI topologies can be implemented on the ONS 15454 SDH:

e A traditional DRI requires two pairs of nodes to interconnect two networks. Each pair of
user-defined primary and secondary nodes drops traffic over a pair of interconnection links to the
other network.

¢ Anintegrated DRI requires one pair of nodes to interconnect two networks. The two interconnected
nodes replace the interconnection ring.

For DRI topologies, a hold-off timer sets the amount of time before a selector switch occurs. It reduces
the likelihood of multiple switches, such as:

¢ Both a service selector and a path selector
e Both a line switch and a path switch of a service selector

For example, if an SNCP DRI service selector switch does not restore traffic, then the path selector
switches after the hold-off time. The SNCP DRI hold-off timer default is 100 ms. You can change this
setting in the SNCP Selectors tab of the Edit Circuits window. For MS-SPRing DRI, if line switching
does not restore traffic, then the service selector switches. The hold-off time delays the recovery
provided by the service selector. The MS-SPRing DRI default hold-off time is 100 ms, but it can be
changed.

12.41 MS-SPRing DRI

Unlike MS-SPRing automatic protection switching (APS) protocol, MS-SPRing DRI is a path-level
protection protocol at the circuit level. Drop-and-continue MS-SPRing DRI requires a service selector
in the primary node for each circuit routing to the other ring. Service selectors monitor signal conditions
from dual feed sources and select the one that has the best signal quality. Same-side routing drops the
traffic at primary nodes set up on the same side of the connected rings, and opposite-side routing drops
the traffic at primary nodes set up on the opposite sides of the connected rings. For MS-SPRing DRI,
primary and secondary nodes cannot be the circuit source or destination.

Note A DRI circuit cannot be created if an intermediate node exists on the interconnecting link. However, an
intermediate node can be added on the interconnecting link after the DRI circuit is created.

DRI protection circuits act as protection channel access (PCA) circuits. In CTC, you set up DRI
protection circuits by selecting the PCA option when setting up primary and secondary nodes during DRI
circuit creation.
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12.41 MS-SPRing DRI

Figure 12-18 shows ONS 15454 SDH nodes in a traditional MS-SPRing DRI topology with same-side
routing. In Ring 1, Nodes 3 and 4 are the interconnect nodes, and in Ring 2, Nodes 8 and 9 are the
interconnect nodes. Duplicate signals are sent between Node 4 (Ring 1) and Node 9 (Ring 2), and
between Node 3 (Ring 1) and Node 8 (Ring 2). The primary nodes (Nodes 4 and 9) are on the same side,

and the secondary nodes (Nodes 3 and 8) provide an alternative route. In Ring 1, traffic at Node 4 is

dropped (to Node 9) and continued (to Node 10). Similarly, at Node 9, traffic is dropped (to Node 4) and
continued (to Node 5).

Figure 12-18
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I 1241 MS-SPRing DRI

Figure 12-19 shows ONS 15454 SDH nodes in a traditional MS-SPRing DRI topology with
opposite-side routing. In Ring 1, Nodes 3 and 4 are the interconnect nodes, and in Ring 2, Nodes 8 and
9 are the interconnect nodes. Duplicate signals are sent from Node 4 (Ring 1) to Node 8 (Ring 2), and
between Node 3 (Ring 1) and Node 9 (Ring 2). In Ring 1, traffic at Node 4 is dropped (to Node 9) and
continued (to Node 8). Similarly, at Node 8, traffic is dropped (to Node 3) and continued (to Node 4).

Figure 12-19 ONS 15454 SDH Traditional MS-SPRing Dual Ring Interconnect (Opposite-Side

Routing)
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----» Secondary Path

Figure 12-20 shows ONS 15454 SDH nodes in an integrated MS-SPRing DRI topology. The same
drop-and-continue traffic routing occurs at two nodes, rather than four. This is achieved by installing an
additional STM-N trunk at the two interconnect nodes. Nodes 3 and 8 are the interconnect nodes.
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Figure 12-20
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12.4.2 SNCP Dual Ring Interconnect

The SNCP dual ring interconnect topology (SNCP DRI) provides an extra level of path protection
between interconnected SNCP rings. In DRIs, traffic is dropped and continued at the interconnecting
nodes to eliminate single points of failure. Two DRI topologies can be implemented on the

115739

ONS 15454 SDH. The traditional DRI uses four ONS 15454 SDH nodes at the interconnect nodes, while
the integrated DRI uses two nodes.

Figure 12-21 shows ONS 15454 SDH nodes in a traditional DRI topology. In Ring 1, Nodes 4 and 5 are
the interconnect nodes, and in Ring 2, Nodes 6 and 7 are the interconnect nodes. Duplicate signals are

sent from Node 4 (Ring 1) to Node 6 (Ring 2), and between Node 5 (Ring 1) and Node 7 (Ring 2). In

Ring 1, traffic at Node 4 is dropped (to Node 6) and continued (to Node 5). Similarly, at Node 5, traffic
is dropped (to Node 7) and continued (to Node 4).

To route circuits on the DRI, you must choose the DRI option during circuit provisioning. Circuits with
the DRI option enabled are routed on the DRI path.
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12.4.2 SNCP Dual Ring Interconnect

Figure 12-21 ONS 15454 Traditional SDH Dual Ring Interconnect
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Figure 12-22 shows ONS 15454 SDH nodes in an integrated DRI topology. The same drop and continue
traffic routing occurs at two nodes, rather than four. This is achieved by installing an additional STM-N

trunk at the two interconnect nodes.
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Figure 12-22 ONS 15454 SDH Integrated Dual Ring Interconnect
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12.4.3 SNCP/MS-SPRing DRI Handoff Configurations

SNCPs and MS-SPRings can also be interconnected. In SNCP/MS-SPRing DRI handoff configurations,

primary and secondary nodes can be the circuit source or destination, which is useful when non-DCC
optical interconnecting links are present. Figure 12-23 shows an example of an SNCP to MS-SPRing
traditional DRI handoff.

Figure 12-23

ONS 15454 SDH SNCP to MS-SPRing Traditional DRI Handoff
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Figure 12-24 shows an example of an SNCP to MS-SPRing integrated DRI handoff.
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Figure 12-24
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12.5 Comparison of the Protection Schemes

Table 12-4 shows a comparison of the different protection schemes using STM-16 as an example.
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W 126 Subtending Rings

Table 12-4 Comparison of the Protection Schemes
Protected
Bandwidth
Between Protection
Ring Any Two Channel Dual
Topology Capacity Nodes Access Failure Number of Cards
SNCP! 16 - PT? VC4 1-16 |Not Not
supported |supported
Two-Fiber MSS-PRing 8xN*-PT \VC41-8 VC49-16 |Not
supported
Four-Fiber MSS-PRing 16 x N-PT |[VC41-16 |VC41-16 |Supported
(Fiber 1) (Fiber 2)
Two-Fiber MSS-PR DRI 8xN-PT |VC41-8 VC49-16 |Supported |[(2xN)+4
SNCP DRI 16 - PT VC4 1-16 |Not Supported |(2x N) + 4
supported

1. If a multi-port card (for example, MRC-I-12 or MRC-2.5G12) is used, card failure is traffic affecting.

2. PT equals the number of VC-4 circuits passed through ONS 15xxx SDH nodes in the ring (capacity varies depending on

the traffic pattern).

3. N equals the number of ONS 15xxx SDH nodes in the ring. Nodes can be configured as MS-SPRing nodes but be in another

MS-SPRing.

~

Note

MSS-PR topologies switch at the line level whereas the SNCP topology switches at the path level.

12.6 Subtending Rings

The ONS 15454 SDH supports up to 84 SDH regenerator RS-DCCs or 28 MS-DCCs with TCC2/TCC2P
cards. See Table 12-1 on page 12-1 for ring and regenerator RS-DCC and MS-DCC information.

Subtending rings reduce the number of nodes and cards required and reduce external shelf-to-shelf

cabling. Figure 12-25 shows an ONS 15454 SDH with multiple subtending rings.
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Figure 12-25 ONS 15454 SDH with Multiple Subtending Rings
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Figure 12-26 shows an SNCP ring subtending from an MS-SPRing. In this example, Node 3 is the only
node serving both the MS-SPRing and SNCP ring. STM-N cards in Slots 5 and 12 serve the MS-SPRing,
and STM-N cards in Slots 6 and 13 serve the SNCP ring.

Figure 12-26 SNCP Ring Subtending from an MS-SPRing
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Node 2

The ONS 15454 SDH can support five MS-SPRings on the same node. This allows you to deploy an
ONS 15454 SDH in applications requiring SDH Digital Cross-connect Systems (DCSs) or multiple SDH
add/drop multiplexers (ADMs).
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12.7 Linear ADM Configurations

Figure 12-27 shows two MS-SPRings shared by one ONS 15454 SDH. Ring 1 runs on Nodes 1, 2, 3, and
4. Ring 2 runs on Nodes 4, 5, 6, and 7. Two MS-SPRing, Ring 1 and Ring 2, are provisioned on Node 4.
Ring 1 uses cards in Slots 5 and 12, and Ring 2 uses cards in Slots 6 and 13.

Note  Nodes in different MS-SPRings can have the same or different node IDs.

Figure 12-27 MS-SPRing Subtending from an MS-SPRing
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Node 3 Node 7

After subtending two MS-SPRings, you can route circuits from nodes in one ring to nodes in the second
ring. For example, in Figure 12-27 you can route a circuit from Node 1 to Node 7. The circuit would
normally travel from Node 1 to Node 4 to Node 7. If fiber breaks occur, for example between Nodes 1
and 4 and Nodes 4 and 7, traffic is rerouted around each ring: in this example, Nodes 2 and 3 in Ring 1
and Nodes 5 and 6 in Ring 2.

12.7 Linear ADM Configurations

] Cisco ONS 15454 SDH Reference Manual, R7.2

You can configure ONS 15454 SDH nodes as a line of add/drop multiplexers (ADMs) by configuring
one set of STM-N cards as the working path and a second set as the protect path. Unlike rings, linear
(point-to-point) ADMs require that the STM-N cards at each node be in 1+1 protection to ensure that a
break to the working line is automatically routed to the protect line.

Figure 12-28 shows three ONS 15454 SDH nodes in a linear ADM configuration. Working traffic flows
from Node 1/Slot 5 to Node 2/Slot 5, and from Node 2/Slot 12 to Node 3/Slot 12. You create the protect
path by placing Slot 6 in 1+1 protection with Slot 5 at Nodes 1 and 2, and placing Slot 12 in

1+1 protection with Slot 13 at Nodes 2 and 3.
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Figure 12-28 Linear (Point-to-Point) ADM Configuration
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12.8 Extended SNCP Mesh Networks

In addition to single MS-SPRings, SNCP rings, and ADMs, you can extend ONS 15454 SDH traffic
protection by creating extended SNCP mesh networks. Extended SNCP rings include multiple

ONS 15454 SDH topologies and extend the protection provided by a single SNCP ring to the meshed
architecture of several interconnecting rings.

In an extended SNCP ring, circuits travel diverse paths through a network of single or multiple meshed
rings. When you create circuits, you can provision CTC to automatically route circuits across the
Extended SNCP ring, or you can manually route them. You can also choose levels of circuit protection.
For example, if you choose full protection, CTC creates an alternate route for the circuit in addition to
the main route. The second route follows a unique path through the network between the source and
destination and sets up a second set of cross-connections.

For example, in Figure 12-29, a circuit is created from Node 3 to Node 9. CTC determines that the
shortest route between the two nodes passes through Node 8 and Node 7, shown by the dotted line, and
automatically creates cross-connections at Nodes, 3, 8, 7, and 9 to provide the primary circuit path.

If full protection is selected, CTC creates a second unique route between Nodes 3 and 9 which, in this
example, passes through Nodes 2, 1, and 11. Cross-connections are automatically created at Nodes 3, 2,
1, 11, and 9, shown by the dashed line. If a failure occurs on the primary path, traffic switches to the
second circuit path. In this example, Node 9 switches from the traffic coming in from Node 7 to the
traffic coming in from Node 11 and service resumes. The switch occurs within 50 ms.
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12.8 Extended SNCP Mesh Networks

Figure 12-29 Extended SNCP Mesh Network
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Extended SNCP rings also allow spans with different SDH speeds to be mixed together in “virtual rings.”
Figure 12-30 shows Nodes 1, 2, 3, and 4 in a standard STM-16 ring. Nodes 5, 6, 7, and 8 link to the
backbone ring through STM-4 fiber. The “virtual ring” formed by Nodes 5, 6, 7, and 8 uses both STM-16
and STM-4 cards.

Figure 12-30 Extended SNCP Virtual Ring
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12.9 Four Node Configurations

You can link multiple ONS 15454 SDH nodes using their STM-N cards (that is, create a fiber-optic bus)
to accommodate more access traffic than a single ONS 15454 SDH can support. Refer to the

Cisco ONS 15454 SDH Procedure Guide for more information. You can link nodes with STM-4 or
STM-16 fiber spans as you would link any other two network nodes. The nodes can be grouped in one
facility to aggregate more local traffic. Each shelf assembly is recognized as a separate node in the
ONS 15454 SDH software interface and traffic is mapped using CTC cross-connect options.

1210 STM-N Speed Upgrades

Note

A span is the optical fiber connection between two ONS 15454 SDH nodes. In a span (optical speed)
upgrade, the transmission rate of a span is upgraded from a lower to a higher STM-N signal but all other
span configuration attributes remain unchanged. With multiple nodes, a span upgrade is a coordinated
series of upgrades on all nodes in the ring or protection group. You can perform in-service span upgrades
for the following ONS 15454 SDH cards:

¢ Single-port STM-4 to STM-16
¢ Single-port STM-4 to STM-64
e Single-port STM-4 to MRC-12
e STM-16 to STM-64
You can also perform in-service card upgrades for the following ONS 15454 SDH cards:
e Four-port STM-1 to eight-port STM-1
¢ Single-port STM-4 to four-port STM-4
¢ Single-port STM-4 to STM-16
¢ Single-port STM-4 to STM-64
¢ Single-port STM-4 to MRC-12
e STM-16 to MRC-12
e STM-64 to STM64-XFP

Since the four-port STM-1 to eight-port STM-1 cards and the single-port STM-4 to four-port STM-4
cards are the same speed, they are not considered span upgrades.

To perform a span upgrade, the higher-rate optical card must replace the lower-rate card in the same slot.
If the upgrade is conducted on spans residing in an MS-SPRing, all spans in the ring must be upgraded.
The protection configuration of the original lower-rate optical card (two-fiber MS-SPRing, four-fiber
MS-SPRing, SNCP ring, and 1+1) is retained for the higher-rate STM-N card.

To perform a span upgrade on either the STM64-XFP or MRC-12 card with an SFP/XFP (known as
pluggable port modules [PPMs] in CTC), the higher-rate PPM must replace the lower-rate PPM in the
same slot. If you are using a multirate PPM, you do not need to physically replace the PPM but can
provision the PPM for a different line rate. All spans in the network must be upgraded. The 1+1
protection configuration of the original lower-rate PPM is retained for the higher-rate PPM.

When performing span upgrades on a large number of nodes, Cisco recommends that you upgrade all
spans in a ring consecutively and in the same maintenance window. Until all spans are upgraded,
mismatched card types or PPM types are present.
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M 12.101 Span Upgrade Wizard

We recommend using the Span Upgrade Wizard to perform span upgrades. Although you can also use
the manual span upgrade procedures, the manual procedures are mainly provided as error recovery for
the wizard. The Span Upgrade Wizard and the Manual Span Upgrade procedures require at least two
technicians (one at each end of the span) who can communicate with each other during the upgrade.
Upgrading a span is non-service affecting and causes no more than three switches, each of which is less
than 50 ms in duration.

Note Span upgrades do not upgrade SDH topologies, for example, a 1+1 group to a two-fiber MS-SPRing.
Refer to the Cisco ONS 15454 SDH Procedure Guide for topology upgrade procedures.

12.10.1 Span Upgrade Wizard

The Span Upgrade Wizard automates all steps in the manual span upgrade procedure (MS-SPRing,
SNCP ring, and 1+1). The wizard can upgrade both lines on one side of a four-fiber MS-SPRing or both
lines of a 1+1 group; the wizard upgrades SNCP rings and two-fiber MS-SPRings one line at a time. The
Span Upgrade Wizard requires that spans have DCCs enabled.

The Span Upgrade Wizard provides no way to back out of an upgrade. In the case of an error, you must
exit the wizard and initiate the manual procedure to either continue with the upgrade or back out of it.
To continue with the manual procedure, examine the standing conditions and alarms to identify the stage
in which the wizard failure occurred.

12.10.2 Manual Span Upgrades

Manual Span Upgrades are mainly provided as error recovery for the Span Upgrade Wizard, but they can
be used to perform span upgrades. Downgrading can be performed to back out of a span upgrade. The
procedure for downgrading is the same as upgrading except that you choose a lower-rate card type. You
cannot downgrade if circuits exist on the VCs that will be removed (the higher VCs).

Procedures for manual span upgrades can be found in the “Upgrade Cards and Spans” chapter in the
Cisco ONS 15454 SDH Procedure Guide. Five manual span upgrade options are available:

e Upgrade on a two-fiber MS-SPRing
e Upgrade on a four-fiber MS-SPRing
e Upgrade on an SNCP ring

e Upgrade on a 1+1 protection group

e Upgrade on an unprotected span

Cisco ONS 15454 SDH Reference Manual, R7.2
m. November 2009 |



	SDH Topologies and Upgrades
	12.1 SDH Rings and TCC2/TCC2P Cards
	12.2 Multiplex Section-Shared Protection Rings
	12.2.1 Two-Fiber MS-SPRings
	12.2.2 Four-Fiber MS-SPRings
	12.2.3 MS-SPRing Bandwidth
	12.2.4 MS-SPRing Application Sample
	12.2.5 MS-SPRing Fiber Connections
	12.2.6 Two-Fiber MS-SPRing to Four-Fiber MS-SPRing Conversion

	12.3 Subnetwork Connection Protection
	12.4 Dual Ring Interconnect
	12.4.1 MS-SPRing DRI
	12.4.2 SNCP Dual Ring Interconnect
	12.4.3 SNCP/MS-SPRing DRI Handoff Configurations

	12.5 Comparison of the Protection Schemes
	12.6 Subtending Rings
	12.7 Linear ADM Configurations
	12.8 Extended SNCP Mesh Networks
	12.9 Four Node Configurations
	12.10 STM-N Speed Upgrades
	12.10.1 Span Upgrade Wizard
	12.10.2 Manual Span Upgrades




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


