Journal of Theoretical and Applied Information Technology
31* December 2013. Vol. 58 No.3 B

© 2005 - 2013 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

QoS ASSURED DYNAMIC BANDWIDTH ALLOCATION IN
EPON-LTE NETWORKS

S RAMYA,N. NAGARAJAN, *B. KAARTHICK

Mettler-Toledo Turing Software, Coimbatore, INDIA
2*Department of Electronics and Communication Enginge Coimbatore Institute of Engineering and
Technology, Coimbatore, INDIA
E-mail: ‘ramya.swamy@mt.corfswekalnag@gmail.conikaarthick.cbe @gmail.com

ABSTRACT

Ensuring stringent Quality of Service (QoS) requiedts is a critical issue in determining the perfance

of the network. Added to that, when the networkgeapto be converged Ethernet Passive Optical N&twor
(EPON) and Long Term Evolution (LTE) which is eds&nfor today’s bandwidth-intensive customer
needs, it is still more critical. Hence, allocatiofresources to the end-points is the crucial @edn such

a converged network. This paper reports a new setfemallocating time-slots to the end user sewice
converged EPON and LTE networks. And it is enhantedupport QoS by establishing a mapping
mechanism between the LTE bearers and EPON qusimslation results reveal that throughput and other
QoS services, such as jitter, delay excel in thpleyed scheme than the traditional one.
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1. INTRODUCTION networks, like PONs provide an alternative solution
for high capacity backhauling links [2].

In place of traditional voice services, demand for
bandwidth-intensive services like music and video A convergence between the two, EPON and LTE

downloads, streaming services, web surfing, IPTV essential in _the evqutlon_ of new generation
networks. A major challenge in such a process is

zgervigzln":gvigggenfggné” Tht|§ 'iﬂcﬁg;rlsecr;agenl?;%e selection of the right bandwidth allocation
- b ox Y : . 8' orithm since it is exclusively responsible fhet
bandwidth beyond voice and basic data services f lg . . .
: . . allocation of resources in the system. Also, inhsuc
which they have to introduce dramatic changes in

the wired and wireless networking im‘rastructures‘?onverg.ed scenarios: an .effect|ve QoS mapping
echanism would be required between optical and

Also recent technological developments in wired"

. . wireless queues in order to avoid performance
and wireless networks promise seamless access q P

unlimited bandwidth to consumers and busine%%grag:gg? Oéebsit::bgsezOfnl::rshg\?elthagy?;ﬁ?é’

users. : . . ;
bandwidth allocation algorithm for allocating
On the wireless side, the industry faces a stedyandwidth to ONUs and algorithm to accommodate
growth of subscribers and high-speed data servic&3oS mapping.

This ‘has —accelerated —the _developmer_lt and The research community has unfolded different
deployment of fourth generation (4G) wireless

networks, such as LTE that is capable of deIiverin‘rjlsg'eAStS ?;Cét;i 2zganwgr65agriw'(2h f?\)\locv?/t(;?trr]l
speeds better than the current fixed-line broadba P

access systems. The backhauling infrastructu%ention.ing‘ Interleaved_ Polling - with A_daptive
based on microwave links for traffic from a baS(?n >(;cslte Jf;;nceti\fép'ggg% [?s] Ii?] Or;iv?(;i;he ;narilllre]}s:o?/g%
station to a central office will not be sufficiefur DBA alqorithm. In IIgACT pthe OLgr olls peach
high data rates [1]. On the wired network part 9 ' ' P

copper access networks are no longer able to meoe't\lU in a round-robin fashion and dynamically

the ever-growing consumer demand for bandwidti>>9"S bandwidth to them. In order to betteraatili

, the available bandwidth, the next ONU is polled
Latest advances in PON technology have propelleg on before the ourrent ONU has finished

it to be a po_ssible successor to the current COPPE!  iccion. OLT grants the ONU's requested
based solutions. Also next generation Optlcat!andwidth But does not exceed a maximum
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boundary and hence adopts a limited allocatioand 4G access networks such as GPON and
approach. Accordingly, IPACT utilizes bandwidthWiMAX.

more efficiently than static DBA PONSs, and is used The technical di . in th :
to develop other EPON DBA algorithms. [4] details__ .. . ica’  discussion .|n € upcoming
other DBA algorithms based on IPACT, that aresectlons Is organized as follows:
two-layer bandwidth allocation, guaranteed » Section 2 describes the proposed algorithm
minimum bandwidth and Intra-ONU bandwidth for EPON-LTE integration in detail
allocation schemes. Against the fact that different ) )

data rates are supported by both PON and SPs and * Section 3 narrates the mapping between

different service levels are assigned according to EPON priority classes and LTE services
customers’ requirements, all the above approaches to ensure QoS for LTE for backhauling
assign a single service level and same aggregate . simulation Model used for evaluating the
data rates to the ONUs. proposal is described in Section 4.

Authors in [5] support QoS by providing the high « Section 5 briefs the overall results of
and low priority services with fixed and dynamic evaluation followed by discussion and
bandwidth allocation respectively. High priority scope of further research.

services are guaranteed with a fixed bandwidth and

the fairness of sharing the bandwidth dynamically i

achieved with a weight-age factor for each ONY  DBA ALGORITHM EOR EPON-LTE
based on its accumulated low priority data. INTEGRATION

Nevertheless, this attempt does not guarantee a

minimum bandwidth for low priority services. A

new view of D.BA is presented in [6], where th.eThe proposed work is detailed in this section. As
different service classes are allocated W'tlaefined in the 802.3ah standard [9], the ONU
b"’.deidth before distributir]g among the ONUs. B eports the OLT of its bandwidth réquirement
this, the class level QoS is prioritized over ON hrough the REPORT packets for which the OLT
level bandwidth allocation. However, practicallygrants time slots by means of GATE packets to
service providers would like to prioritize ONU- Zoch ONU for its transmission. In our proposed
level bandwidth guarantee. [7] focuses on a singlgOrk during each cycle the OLT initially

user-per-ONU scenario, wherein a LLID is assigne ynamically assigns to each ONU a guaranteed

to per-queue in an ONU and OLT allocateﬁninimum bandwidth from the available network

bandwidth on per-queue and not per-ONU basig,nqyidth that meets their SLA (SLA is the
This approach takes the OLT to a higher Ieyel Yontractual agreement on the service-level to be
DBA process. The DBA scheme proposed in [8 rovided to a customer by a service provider). The
attempts to prowde a predlctlgble average packg 1 ig designed to be configured with the SLA
delay _and an 'mpfo"ed d_elay jitter but only for th(?/alues of the ONUs. Thereafter, the OLT
expedited forwarding traffic. apportions the left-out unused bandwidth to the
From the SP’s perspective, fairness is determing@questing ONUs based on the priority of their
by the SLA between the OLT and the ONUs whictiequest. Thus the OLT is capable of guaranteeing
means bandwidth allocated to a ONU in a cycléghe minimum bandwidth and distribute the unused
should satisfy the terms of SLA even before itbandwidth among the ONUs to comply with
request for the current cycle. This will ensuret thasubscriber promise in the event of varying network
any ONU is not affected by another ONUcapacity. Also, fairness is maintained in the syste
overloading the network. Most of the earlier work$y serving the ONUs in a round-robin fashion
enforce the fairness of bandwidth sharing based starting from the last served ONU in the previous
the ONU’s current request. Hence an attempt ®ycle. The algorithm is explained in detail in the
made in this research work to enforce QoS in thi@llowing sections.
EPON-LTE convergence and also fine tune the
DBA process in a different perspective to maximiz%u
bandwidth utilization and minimize packet delay
which are the objectives of a good DBA algorithm
Though EPON and LTE represent fixed PON an
4G mobile access technologies in our work, th
proposed algorithm is also applicable to other PO

ONU estimates its bandwidth requirement for the
rrent cycle which is the queue length of the data
to be transmitted along with the predictive valdie o
H1e arriving data in the waiting time. Total
andwidth requested by the ONU for servicing all
requests for the current cycle is calculated an
e ONU informs the OLT of its requirement by
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framing the REPORT message with the details ar@l QoS MAPPING FOR LTE
sends it to OLT. BACKHAULING

OLT on receiving the REPORT message from a
ONU, processes the message and calculates tl:ug

ONU’s bandwidth requirement. The OLT then further - improve ~ the algorithm, QoS

guaranteeing is done in the converged network by

based on the bandwidth allocation algorithm i X . :
employing a mapping mechanism between the

follows, grants certain bandwidth to the ONU. | S
the proposed algorithm, the OLT on receiving H%OPV?SN priority queues and the bearer-based LTE

request from the ONU assigns the bandwidth in two
levels. In the first level, the OLT grants eithés i  EPON supports eight priority levels with the QoS
SLA bandwidth or its requested bandwidth basefbr the service represented by the numbered pyiorit
on whether the request is higher or lower than thgueue in the 802.1P nomenclature. QoS in LTE is
SLA value. OLT grants the above bandwidtidetermined by QoS Class Identifier (QCI),
immediately to the ONU without waiting for Allocation and Retention Policy. The 9 QCI values
request messages from rest of the active ONUs. Fdefine eight characteristics for IP packets ranging
ONUs with request higher than its SLA agreemenfrom VOIP call to email and chat. The mapping
the first round of GATE message with SLAbetween the EPON priority queue and LTE flows
bandwidth allocation does not generate a REPORJrovides equivalent QoS levels at both ends as
message in response by resetting the ‘Force Repaidtitailed in Table 1.

flag in the GATE message. Whereas, for ONUs

with request lower than or equal to its SLA Table 1. EPON - LTE QoS mapping mechanism

agreement, a single GATE message is sent and the . o
allocation meets its request. This GATE message Priority LTE services ot e
generates a REPORT message in response [o—g WS Signaling affc bypes.
oo, e Wih the transmission process for the nex 1 VOIP Call Best Effort
cycle.

y 2 Video Call Eé(?ffecllrttent

In order to dynamically assign more bandwidth
to the requesting ONUSs, the OLT does the secon

3 Online Gaming Critical

level of bandwidth allocation if available. During 7 Vi - applications

. ideo Streaming Video
the second level of allocation, the OLT sends Video (buffered _
another GATE message to all the high bandwidthh > streaming) Voice
requesting ONUs with its excess request of Voice, video, Internetwork
bandwidth if available. This allocation is donean 6 interactive gaming Control
round-robin fashion starting from the last ONU to TCP-based (e.g. Network
the first in the high requesting ONUs list and also 7 WWW, e-mail), FTP, Control
high priority requirements of the ONUs are served P2P, etc.,

before any of the low priority requirements are

processed. Thus all high bandwidth request ONUS g\ UL ATION MODEL

are given an opportunity to grab more bandwidth i

available. The last served ONU is remembered and

in the next cycle the round-robin process stagmfr The performance of the proposed work is evaluated
the previous ONU. The second GATE messagésing OPNET simulator for the converged LTE-
unlike the first informs the ONU to respond backEPON architecture. A EPON network is devised
with a REPORT message to continue with thwith a single OLT and 16 ONUs with varying
transmission process for the next cycle. SLAs to represent different service levels. To

. ) ) support the LTE network, a 1Gbps EPON network
A GATE message with zero bandwidth is sent & chosen as the backbone network with a 2ms

each high requesting ONU if no bandwidth is left,5yimum cycle period andus guard to establish

for the second level, since a REPORT message N8Rt transfer between the OLT and ONUS. Al type
to b_e gen_erated from _the_se ONUs in order tg¢ gopyjce requests are loaded to the LTE network
continue with the transmission process for the nex,y gtarts loading after 100ms from the start. &inc

cycle "fmd the first round of GATE messageg jq important to evaluate a system for time caiti
wouldn’t have generated REPORT messages. applications, the system is loaded with delay

sensitive VOIP call requests. The simulation model
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is evaluated for the most critical uplink partlast served ONU is remembered and in the next
although the framework supports both uplink andycle the serving starts from next ONU to the last
downlink transmissions; hence, all connections argerved ONU. To enhance fairness, the second level
in the uplink direction, originating from each userof bandwidth allocation starts from the last ONU in

equipment. the high requesting ONUs list and moves forward
in the list.
5. RESULTSAND DISCUSSIONS Next, QCI packet delay characteristics are

studied for mapping and non-mapping EPON-LTE

This section discusses the results of the executi(grzn\i/per;geenqcﬁuEV)VItirr]‘ tLeeSpCeeﬁlt Xl)s Omggazggritﬁ;ﬂ

of the proposed framework. . . ) .

. improves QoS by serving high priority
The throughput for the .convent|onal SCherm:“requirements with more bandwidth than low
and the proposed scheme is measured under tﬁe

same setup and plotted against time. Figure riority requirements when the bandwidth is
clearly illustrates that the performance of th vailable. When the QoS mapping is employed, the

proposed DBA algorithm is well ahead of thedggypggrr:%al'r-le—g fgr\ggﬁ_;);hr;g'i;gegrseizad k?ea Cg:én
conventional scheme in terms of throughput. Onf'rom the figure 2
the—fly assignments of bandwidth to the ONUSs '
without waiting for requests from all the ONUs
proves to be a positive step towards the betterme
of the DBA process and has helped the system

improve its performance as can be seen from tt §

MMapping
40

-==== Non-mapping

w—————————————————————o= -
plot. On-the-fly grants reduces the idle time iBth z go—oooo___. - R -
OLT involved for the collection of report message:
from all the ONUs and processing all of them tc
determine the bandwidth to be allotted to eac . . . .
ONU and then assigning each ONU with its 0 15 20 25 50
bandwidth allocation. i ) Sa‘“‘”*:”ESM i And N ,
; igure 2: Delay For Mapping And Non-mapping
= X Mechanism
B Proposed-time_average
W Conventional-time_average
Even though not being the only metric in
120000 evaluating the performance of any network system,
Hooe throughput is the most important metric and other
7! QoS parameters should not be compromised for an
%W / improvement in the throughput. Hence it should be
3 / P— verified whether the improvement in the throughput
e/ of voice calls is not achieved at the cost of ttieep
e [/ voice performance metrics, delay and jitter. The
; [/ proposed schema reduces the voice end-to-end
s 1/ packet delay depicted in figure 3 and also maistain
/i the jitter which is depicted in figure 4.
oot I/ Similar to voice metrics, it is important to
. . . . ‘ . verify the video performance metrics. However,
a ! Tml(msac) 3 4 ; figure 5 illustrates that the packet end-to-enchgel

has reduced for the video packets also and figure 6
illustrates that the video traffic received has

. improved for the proposed algorithm.

The framework improves the DBA process by As can be seen from the results obtained, the

e”“@”‘:‘“g QoS by favquring .high priority achieved performance justifies the objective of the
requirements t_han_ low priority requiréments. Als.oresearch work: that is bandwidth allocated to a
fairness is maintained by assigning all ONUs WltrbNU in a cycle should satisfy the terms of SLA in

equal weight which is enforced by assigning eXCeSfe EPON-LTE converged network. Also the

babr!d\’\f"dtﬂ. to q_'ﬁh rﬁqlies:mg tg'\(l)%sum .ﬁ‘ rlound'results emphasis that the research attempt enforces
robin fashion.  'he shortest pa WITaWaySh,3 in such a convergence, and also fine tunes the

be the_ f|rs_t In the list and the process may end BA process to maximize bandwidth utilization
favouring it in each cycle. In order to avoid et

Figure 1: System Throughput

s
567



Journal of Theoretical and Applied Information Technology

31% December 2013. Vol. 58 No.3 B
© 2005 - 2013 JATIT & LLS. All rights reserved- T
YT
ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

and  minimize paCket delay' which are the ~#|time_average (in Video Conferencing.Packet End-1... r.:|@®

objectives of a good DBA algorithm. These are the —
. B Conventional-DES-1
achievements of the proposed work compared to B Propased-DZ5-1
the earlier attempts by various research Works | ;g time average (n Video Conferencing Packel Encto-fd Delay (sec))
discussed in the literature review [3], [5], [63]. _—
v 055
| time_average (in Voice.Packet End-to-End Delay (s... ['Ll@E| =
W Convertional-DES-1
B Proposed-DES-1 045+
e time_average (in Voice Packet End-to.End Delay (sec)) a0
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Figure 5: Comparison Of Video Packet End-to-End
) Delay And Jitter In Conventional And Proposed Scheme
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Figure 3: Comparison Of Voice Packet End-to-End i o e s
Delay In Conventional And Proposed Scheme g e e00e (D el bt i
ﬁlime_a\reragu (in Voice. Jitter (sec)) ] \
M Convertional-DES-1 e
B Proposed-DES-1
oo time_average (in Voice Jiter (sec)) =+
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0,00002 A Figure 6: Comparison Of Video Packet Traffic
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Figure 4: Comparison Of Voice Packet Jitter In 6. SUMMARY AND CONCLUDING
Conventional And Proposed Scheme REMARKS

The performance of the network system is
largely determined by the efficiency of the chosen
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DBA algorithm. Hence in this paper, a DBA[7] G. Kramer, On Configuring Logical Links in
scheme that meets the customer SLA, such as EPON, whitepaper :
bandwidth, delay, and jitter is proposed and vedifi http: //Mmww.ieeecommunities.org/epon/.

using simulations. The paper also addresses anotf[g] S. Choi, J. Park, SLA-aware dynamic bandtvidt
key factor critical in determining the performance  gjiocation for QoS in EPONSs,|EEE/OSA
of EPON-LTE convergence which is QoS mapping  Journal of Optical Communications and
between the user equipments and ONUs. The Networking, Vol. 2, n. 9, pp.773 -781, 2010.

scenarios and performance evaluation discussed Q] IEEE 802.3ah. Ethernet in the First Mile Kas
this paper are based on EPON-LTE network. The ™ g0 ' [Online]. Available:

etwork has. significantly inoreased aiong with.. P/ icesB02 org/Sfminde il
ensuring QoS in the network. Also, the systerr(lo] H. kEktstrom, thS C?EEEI mct:he 3GEPt¢voIved
proves to be an efficient high capacity backhaul I;\)/lac et f/ysl e4rgs, 5 76ogn3ml;r(1)|83|ons
network with the fact that the measured delays for agazme: L4/, N. 2, Pp. o o
all services are well within the limits defined the  [11] R Ludwig, H. Ekstrom, P. Willars, N. Lundia
LTE standard. An evolved 3GPP QoS concept|EEE
Still, there exists a limitation in the algorithm  Vehicular Technology Conference, Vol. 1, pp.
that it only frames a model for bandwidth allocatio 388-392, 2006.
between OLT and ONUSs, but does not deal with thél2] M. A. Ali, G. Ellinas, H. Erkan, A.
resource allocation among the services in a ONU. Hadjiantonis, R.Dorsinville, On the Vision of
Therefore, the future research work can be carried Complete Fixed-Mobile Convergencéournal
out by extending the algorithm to address this of Lightwave Technology, Vol. 28, n.16, 2010.
limitation.
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