543 B4 3
2014 4F 3 A

T F R
ACTA PHOTONICA SINICA

Vol. 43 No. 3
March 2014

doi; 10. 3788/gzxb20144303. 0306004

G W 255 R G AR R B A2 BR 1Y S 2H 478 B A

| g AR #T, T Ab
IR I sty 3 B 27 9 B L3 T B B0 0ot 7 R B 7 100192)

BC AL il

i EABLEORRBERTAATLMLH LR S RIBET ESHREK. AT ERAEA LR L+,

W T haikz Tk 57}% &4&%@‘(%%Ei@%ﬁéi’cﬁ/‘%i?‘ﬁ“lﬁ»ﬁ‘bﬁbfr}?%“ﬁx'iﬁ/\ﬁkif]”éﬁ =) A,

#mm Fh AT R Z PR 69 R LA IE IR 12 A B AL L ALH) Ao A B R R AT B kAT Rk ) o Ak
) M“P#%frrwtk““tti ik ﬁﬁy’uéﬂ:}%ﬁ&’x/\&aéﬂ” SR PHRIERESA LR K S BEY

f@%m%ﬁs WAt AH LR T B AR AT R T A S FE R AR R E T, AR B 6k 3% 54 12 1T A

IR A }é‘;;frf_ﬁl%.4757%%«‘:%%“}],)%&&%%%5‘@4 Wk bb R e 0 435 K o B LR AR 98 AR R R

154 T 70 B AL, I A A R AR R AL 3% 4 12 9 TR 5,

KB RIEAT R M K 3k R B RAER R @A

RESZES . TNI29. 18 XEAFRIREG . A XEHS.1004-4213(2014)03-0306004-5

OSNR Constrained Multicast Lightpath Provisioning Mechanism in
All Optical Network

BAI Hui-feng, CHEN Yu-xin, WANG Dong-shan
(State Grid Electric Power Research Institute, Beijing NARI SmartChip Microelectronics Company Limited ,
Beijing 100192, China)

Abstract: In large scale optical networks, great challenge are brought by the fast growing of multicast
services. Multicast lightpath-tree may fail to work in data plane due to the low OSNR (optical signal to
noise ratio) value, even though the signaling procedure is successful in the control plane. That is called
To solve this problem, an OSNR Constrained Multicast
Lightpath Provisioning Mechanism (OC-MLPM) was proposed. The OC-MLPM makes advantage of the
OSNR monitoring function in each node, and is able to allocate the wavelength by judging the OSNR

“false signaling-success” in control plane.

value carried in signaling message in order to make sure lightpath could be established smoothly in both
data plane and control plane for multicast service. Simulation results show that the OC-MLPM is able to
solve the “false signaling-success” problem, and to reduce the blocking probability effectively as well.
Key words: Optical communications; Optical network; Multicast; Lightpath provisioning; Optical signal
to noise ratio; Control plane; Signaling
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0 Introduction

As new IP services emerge and develop rapidly,
like Internet of things, great efforts have been made by
the researchers and carrier to match the demands of
(1]

those multicast services In large-scale all optical

network, the efficient lightpath provisioning has

become a great challenge to wavelength assignment for

multicast services, which are

[2-4]

undergoing rapid
growth*". In general, both bandwidth availability and
wavelength continuity constraint are key issues when
providing lightpath for multicast connections. And the
resource reservation protocol with traffic engineering

(RSVP-TE) is adopted widely to perform signalling in
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control plane of the optical network ™",

With the great progress in wavelength resources
assignment research, several mechanisms have been
which
Reservation (SIR)™; Destination-Initiated Reservation
(DIR)"', First Fit (FF)'"/, Random Fit (RF)'"",
Contention Detection (CD)™, Collision-Aware First
Fit ( CAFF )™, and Wavelength-list
(CWL)™ ete.

the wavelength availability and collision from the

developed, includes the Source-Initiated

Circular

However, current studies only focus on

control plane aspect. In fact, the optical signal to noise
ratio (OSNR) is also a crucial factor in the lightpath
provisioning. One challenge in large-scale optical
network controlled by MPLS-TP is that the lightpath-
tree may fail to work in data plane, due to the low
OSNR accumulated as the optical signal transport along
the multicast lightpath-tree. Under this circumstance,
the aim of wavelength assignment for multicast
connection is not only to optimize the network resource
utilization, but also to select a wavelength to avoid
to guarantee reliable OSNR of the

wavelength, in order to make sure that lightpath can be

collision and

set up successfully in the data plane. Otherwise, the
lightpath can not be established in data plane, though
the signaling procedure is successful in control plane,

which we called “false signaling-success”.

In fact,
sometimes the “false signaling-success” in control plane
would actually occur, even though the signaling
procedure is successfully completed in the control
plane. Though some related study has been done in
Ref. [10], it only focuses on single end-to-end unicast
and the “signalling false-alarm” problem in multicast
condition is still there.

To solve this problem, this paper adds the factor
of OSNR into consideration on wavelength provision for
multicast requests and proposes an OSNR Constrained

C OC-
MLPM), aimed to guarantee that multicast lightpath

multicast lightpath provisioning mechanism
can be established smoothly and avoid the so-called

“false signaling-success”.

1 Principle of lightpath OSNR

calculation for multicast

With the maturation of optical performance
monitoring in data plane, it has become possible and
convenient for the control plane of all optical network

to obtain those optical performance parameters,

including the OSNR™", OSNR

monitoring functions are able to be integrated into the

Because various

transport plane devices currently, it is convenient for
the control plane to collect the OSNR information or
Thus, the OSNR-constrained factor can be

introduced into the control plane of optical network,

value.

which means the control plane of optical network is
able to be aware of OSNR value and to enhance the
lightpath-tree provision ability for multicast services.

The principle of lightpath OSNR calculation of
multicast is necessary to discuss in this section. For
convenience, it is assumed that EDFAs (Erbium-doped
fiber amplifiers) are widely used among the network.
There are several factors would cause the degradation
of the optical signal. Considering the strong typicality
of EDFA factors, this article mainly takes the EDFA
into consideration as an example and focuses on the
“false signaling-success” problem.

With the
monitoring technologies, the approach used to calculate
the OSNR of EDFA has been well established, since
EDFAs are used widely in the optical network "', If

maturation of optical performance

the OSNR of an optical signal is infinite at the input of

EDFA, the OSNR at the output is given"™
P.G

2ng,hoB,

where P, is the signal power at the input of the EDFA,

G is the gain of the EDFA, n, is the population

OSNRgpra = QD)

inversion parameter, h is Plank’s constant, v is the
optical frequency, and B, is the optical bandwidth that
measures the OSNR.
To calculate the ONSR  value,
necessary definitions are made as follows: OSNR;, ,
the link OSNR value of all EDFAs and all wavelength
convertors which belong to this link; OSNRgpra;s the
OSNR value added by EDFA i; OSNR,,, the initial
OSNR value of the optical signal at the ingress node;
OSNR,,..; » the link OSNR of the link #; N, the number

of EDFAs comprising the optical link; M, the number

total some

of wavelength convertors comprising the optical link;
K, the total number of optical links comprising the
lightpath-tree; OSNR,,.,,» the total OSNR value of all
links which belong to this multicast tree.

On the basis of these definitions above, the link
OSNR value can be obtained using Eq. (2) according to
Ref. [11]

OSNR,, = 1 2)

21 (1/OSNRgpea.: )
Finally, the total OSNR value is estimated by
using OSNRs values of all links composing a multicast
lightpath

1
K
1/OSNR,,, + 2 (1/OSNR,,,.,)

As the optical signal is transported along the
multicast lightpath, its OSNR would deteriorate. If the
OSNR deteriorate to some degree, the lightpath would

(3

OSNR .. =

not work in data plane, even through both the signaling
procedure and the lightpath setup are successfully
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completed in control plane. Therefore, this situation is
called “false signaling-success” of control plane in this

article.

2 OSNR constrained multicast lightpath
provisioning mechanism

This study mainly focuses on the problem of “false
signaling-success ” in signaling procedure of the
multicast lightpath establishment. Aimed to solve this
problem, an OSNR constrained multicast lightpath
provisioning mechanism ( OC-MLPM) is proposed.
The OC-MLPM makes full advantages of the OSNR
monitoring technologies of the data plane, and allows
Path Message to carry the OSNR information of each
node along the path at the forward detection phase of
signaling. By judging the eligibility of OSNR value
when allocating wavelength for the connection request,
the control plane could avoid the potential or possible
“false signaling-success”. Moreover, this implies that
the data plane and the control plane are more tightly
combined when allocating wavelength for multicast
connection requests.

In the proposed OC-MLPM, the control plane
keeps a list of record about OSNR values collected from
the data plane. Additionally, a sub-TLV, which
records the OSNR values of each node the Path
message goes through, is added into the Path message.
When the Path message is received by a mediate node,
it will first check the wavelength availability. Then this
node will sort all eligible wavelengths by ONSR value,
which is stored in the record list. If both constraints
are satisfied, the wavelength with the best OSNR value
will be selected and assigned to the connection request.
If the value of OSNR of the available wavelength fails
to meet the requirement, the wavelength provision will
be failed, even though there are available wavelengths.

As shown in Fig. 1, the procedure of OC-MLPM
is depicted as follows:

Step 1: The mediate node receives the Path
message from its upstream node, and abstracts the
OSNR value from the Path message of all nodes the
Path message goes through along the multicast tree.

Step 2: This mediate node will search the available
wavelength for the multicast connection request.

Step 3: The OSNR values of all available
wavelengths will be checked according to the OSNR
constraint; and this mediate node will abandon those
wavelengths that fail to meet the requirement by
multicast connection on OSNR.

Step 4. If there are eligible wavelengths, sort all
eligible wavelengths by their ONSR value; otherwise,
go to the Step 9.

Received path message

l

Search available wavelengthes

l

Check OSNR of available wavelengthes

If eligible
wavelengt exists

Sort wavelengths by
ONSR value

l

Assign wavelength

with best ONSR value
l Send RESV message
to reject this multicast
Add OSNR value into request

path message

!

Forward path message

to the next node
T

Fig.1 Mediate node flowchart of OC-MLPM

Step 5: The wavelength with the best OSNR value
will be pre-allocated to the connection request.

Step 6: The OSNR value of the pre-allocated
wavelength will be added into the Path message, and
this Path message will be sent to the next node.

Step 7.

terminal node to the source node, which will reserve

A Resv message will be sent from the

wavelengths resources that satisfies both requirement
of availability and OSNR for the multicast connection
request.

Step 8: The multicast-tree is really established
and the signaling procedure is completed.

Step 9: If there exist no eligible wavelength, Resv
messages will be generated and sent to the source node
nodes, and the multicast

from the destination

connection request will be rejected.

3 Simulation results and analysis

In order to evaluate the performance of the
proposed mechanisms and demonstrate the validity of
the analytical conclusion, a simulation software
platform test-bed is constructed. As shown in Fig. 2,
the simulated topology consists of 4 interconnected
domains each with a 14 nodes 21 links NSEFNET
( National Science Foundation Network ) topology.
Assume that there are 16 available wavelengths in each
link and the wavelength reservation delay at each node

of the segment path is set to be 5 ms. message delivery

0306004~ 3
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delay in each link are 1 ms. Connection requests follow
the Poisson distribution and are uniformly distributed

across the network.

Fig. 2 Network topology

The following five mechanisms are studied in the
simulation; FR, FF, OC-MLPM, CD and CWL. The
made by major
performances: OSNR

factor, the real blocking probability with OSNR factor

comparison s observing 3

blocking probability without

and the average setup time of connections.

In this simulation, OSNR constraint is introduced
Thus, the
wavelength continuity, wavelength availability and the
OSNR

requests are set to be Poisson distribution with per

into consideration. constraints include

eligibility. Moreover, multicast connection
minute and their holding-time follow the exponentially
distribution with the average value of one minute.
Statistics of blocking probability on both control
plane and data plane is conducted. We firstly observe
the blocking probability on control plane and show this
result in Fig. 3. Then the blocking probability on data
plane is obtained and given in Fig. 4. Combining the
simulation results of Fig. 3 and Fig. 4, comparison is

made on the blocking probability of various schemes.

o
—

Total blocking probabilities

0.01
e x v 0C-MLPM
/"/ i d —<4- CD
4 S -~ CWL
1E-3 bk
E 7
0 100 200 300 400 500
Erlang

Fig. 3 Blocking probability of control plane

i i

Total blocking probabilites

o o FF
%= OC-MLPM
—~<¥ CD
~¥- CWL
0 100 200 300 400 500
Erlang

Fig. 4 Blocking probability of data plane

In Fig. 3, the blocking probability from the view of
control plane is shown. The OC-MLPM has lower
blocking probability than that of others. And CD/CWL
schemes are a little worse than the OC-MLPM, while
FF/RF show the worst result on blocking probability.
The CD f{ailed to solve the more than two connections,
while OC-MLPM can solve the same direction collision
of more connections by wavelength pre-assignment and
schedule, and it can also solve the opposite direction
collision. Moreover, CWL is better than FF/RF, but
CWL fails to solve collision. Therefore, OC-MLPM
performs better than others in blocking probability. Of
course, this comparison only considers the wavelength
availability and collision from the control plane aspect.
What must be pointed out is that, the false successful-
signaling exists in all schemes except the OC-MLPM.

The blocking probability from the view of data
plane is shown in Fig. 4. By comparing Fig. 4 with
Fig. 3, values of all schemes rise in some degree under
the OSNR constraint, especially the RF and FF. It is
also shown in Fig. 4 that the OC-MLPM can achieve
better result than other schemes in the blocking
probability from both aspects of data plane and control
plane. That is because the “false signaling-success”
occurs in other schemes and their total OSNRs may fail
to meet requirements by multicast services.

Comparison of the average time of multicast
lightpath establishment can be observed in Fig. 5. In
this simulation, we take the delay time and process
As the

values of these five schemes mainly

time of signaling message into consideration.
result shows,
increase slightly as the traffic soars. Values of FF and
RF are nearly the same with each other, so is the OC-
MLPM. The average setup time of multicast lightpath
of CWL is a bit higher than that of the OC-MLPM,
because OC-MLPM uses a much easier fixed length
array. The average time of connection setup of OC-
MLPM/CWL is longer than that of FF/RF/CD. For
OC-MLPM/CWL allocates wavelength in the forward

phase and backward phase . the increased process

g N1 T T a1
s @ R T gyt T
«% v 7~ - g‘-:-'it TECSTE -
2 40
§ — e — - — R — e — - —
=} e — e — H— B
i<l ¥ — 7 ;
E 7O RF
= U %= OC-MLPM1
£ ~4 CWL
g - (D
b 10
5]
>
< 0
0 100 200 300 400 500
Erlang
Fig.5 Comparison of connection setup time
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complexity in OC-MLPM/CWL consumes extra time,

which is the unavoidable cost of lower blocking

probability of the proposed mechanism.

4 Conclusion

In this paper, an OSNR constrained multicast
lightpath provisioning mechanism (OC-MLPM) has
been proposed, in order to guarantee that the lightpath-
tree of multicast can be established smoothly and to
avoid “ false signalling-success” when establishing
lightpath-tree for multicast service in data plane. To
evaluate the performance of proposed mechanism, a
test-bed of wavelength-routed optical network was
designed, and the performances of different assignment
schemes have been analyzed. The simulation results
reflected better performances of the proposed
mechanism in terms of real blocking probability of the
light path establishment.
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