OSA/OFC/NFOEC 2011
NTuD6.pdf

Frame-level OEO-Regenerating GPON Reach Extender

Janar Thoguluva, Umesh Bakhru, Martin Varghese, Abhishek Kala, Sharief M egeed, David L. Wilson,

Paul Grabbe, Allan Ghaemi
Alphion Corporation, 196 Princeton Hightstown Road, Princeton Junction, NJ 08902, U.SA
E-mail: {jthoguluva, ubakhru, mvarghese, akala, smegeed, dwilson, pgrabbe, aghaemi}@al phion.com

Abstract: We propose and experimentally demonstrate a filawred-OEO-regeneration technique
for GPON reach extension which overcomes the limitg of bit-level OEO-regeneration with

respect to upstream efficiency and transparency.
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1. Introduction

Passive optical networks (PONSs) are the FTTx agchite of choice for network operators worldwide d¢ioi the
low cost, low maintenance, and high reliabilitytioé passive network elements involved. ITU-base®S#Fs one
of the two prevalent PON implementations, the otie@ng IEEE-based EPON. GPON supports a bit rag4&8
Gbps in the downstream (DS) direction and 1.244Gbphe upstream (US) direction. For a given GPOHN,
maximum reach (OLT to ONU physical distance) ararttaximum split ratio (number of ONUs on the PON) a
limited by the transceivers at the OLT and ONUhaligh the GPON transmission convergence (TC) layer
specification allows for a maximum reach of 60 kmd @ split ratio of 128, commercially available G®Class B+
[1] transceivers, which support a 28-dB link budged represent current state of the art, allowatpes to realize a
reach and split at best of up to 32 splits at 20r&ath or 64 splits at 10-km reach. While the ITd4 hlso specified
the Class C+ transceivers [2], they are useful angpecific scenarios since they offer only a nraab4-dB
improvement over Class B+ and also mandate usernwidrd Error Correction (FEC).

The limited reach and split ratio realizable withrent GPON systems constrains operators from deyeg
PONs to their fullest economic benefits, especiallgparse subscriber take-ups (e.g., rural arded}o leads to
inflexible and non-optimal network architecturegy(erequiring a higher than optimal number of calmffice (CO)
locations to serve a given population) [3], whinbrease capital and operating expenditures. Diyethese
constraints, operators have identified the neeéd ®ON reach extender (RE) network elentkat resides between
the CO and ONUand enables the operators to achieve a higher nuofisebscribers and/or a longer reach from
the CO than possible otherwise. GPON reach exterse been standardized in ITU Recommendation G698{t

A GPON RE system can in general be realized usiadgchnique of optical amplification (OA) or opatic
electrical-optical (OEO) regeneration, each witigue pros and cons. OA-based REs operate at theablatyer
and simply amplify the received optical signal, MOEO-based REs (OEO-RESs) perform optical-to-eiteadt
conversion of received optical signal into a hieam, perform 3R (regenerate, reshape and retin o
(regenerate and reshape) regeneration of therbérat and finally perform electrical-to-optical #ension of the
regenerated bit stream. GPON OEO-REs employingehél regeneration are faced with special challsrdjee to
the way GPON upstream works, as described below.

The GPON US direction employs TDMA and operatésurst mode, with the OLT scheduling, in a tightly
controlled manner, the bursts from the ONUs by pieg the Start andStop pointers in the Bandwidth-map field
(BWmap) [5] in the DS frame. Since the dynamic enfithe US bursts’ signal level at the OLT recesan be as
high as 15 dB [1], US bursts are prepended witami#e bits which are used for training by the U&eer to
(re)adjust the clock phase and decision threstayld hew burst. Due to the need in GPON to perfieriatter two
operations within a few bit periods, the MAC fuctiof most commercial OLTs uses precise knowleddmrirst
arrival times to assert a reset signal to the CBWag and the transceiver just before a burst'®etea arrival.

The US receivers of OEO-REs using bit-level regatien cannot perform the above two operations sineg
do not know the burst arrival times upfront. Wlitkese REs can employ burst-acquisition mechanisiois as
signal detection, these mechanisms are slow andreslgnger guard time (between bursts) and preamithich
reduces the US bandwidth efficiency and makes thadh-transparent to the OLT. Another drawback With
level OEO-REs is consumption of some of the prearblik by the RE US receiver, which also necessittte
OLT to allocate extra preamble bits for extendedBCOT his also reduces US bandwidth efficiency amadtes the
RE non-transparent to the OLT. Some OEO-RE implaatims restore lost preamble bits by searchingHer
fixed delimiter pattern in the receiver bit streand reinserting them relative to the pattern. Tishod, however,
is error prone since the delimiter pattern can apps part of the data bits, and also increasesitupeverhead
since the delimiter size and pattern can vary aaediatermined by the OLT.
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This paper proposes an improved OEO-RE technighihwve refer to akame-level OEO-regenerating RE
(FR-RE), that operates at the GPON TC layer, and regease@PON frames, both in the DS and US directions.
With the ability to decode GPON DS frames, inclydihe BWmap and PLOAMd fields, the FR-RE overcothes
drawbacks of the bit-level OEO-RESs, while also dingbadditional capabilities, as discussed latehapaper.

2. Frame-level OEO regeneration

A high-level block diagram of the FR-RE prototypmat was implemented in this work is illustratedFig. 1. In
addition to the processing blocks that exist inldiel OEO-REs, the FR-RE comprises two new bloeks,the DS
and US frame regeneration (DS-FR and US-FR) bloekéch were implemented using an FPGA and serialize
deserializer hardware. The DS-FR block de-seriglizzeived DS bit stream, and recovers and decbeeDS
frames to determine key US control information umthg: pattern and size of the preamble and dedimipre-
assigned delay, ONU equalization delay (eq. dekay,the Start and Stop pointers in the BWmap fiehet DS-FR
block finally serializes the frames, which are thetimed and transmitted to the ONUs.
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Fig. 1: Frame-level OEO regeneration

In order to determine the US burst arrival timés, ER-RE first needs to determine the start, frisnown view
point, of the US frame relative to the DS frameaisval time. We refer to this time delta as ®c delay, which is
equivalent to the OLT's Zero-distance eg. delayg@)e The FR-RE employs the procedure shown indfiehblf of
Fig. 2, during the ranging of the first ONU, to elehine the Sync delay based on the round trip detely FR-RE
to that ONU and the eq. delay assigned to that ®ithe OLT. Subsequently, the FR-RE applies the decoded
Start and Stop pointer values relative to the W start time, as shown in the right half of Rigto determine the
expected burst arrival times and accordingly agkerteset signal to the US RX and BCDR. Afterelinkates and
receives the upstream bursts, the US-FR block daliges them, restores lost preamble bits, anallfirserializes
the bursts, before they are re-timed and transthittehe OLT.

Besides overcoming the shortcomings of the bitl@EO-REs, frame-level regeneration in the FR-R&bdes
accurate per-burst optical power measurementstenfbliowing additional capabilities that improvetOLT-ONU
end-to-end link performance: correction and re-eivap of FEC-encoded payload, and repair of thendtdr
pattern and PSync (physical synchronization) doneash field.

3. Experimentsand results

The setup shown in Fig. 3a was used to study thienpeance of the prototype FR-RE system that wasl uis this
work, shown in Fig. 1. The variable optical attetous VOA-1 and VOA-2 were used to adjust the trankl access
optical budgets, respectively. Bidirectional Etregrfiows were setup between the OLT and ONUs. ThE Gses a
short 64-bit preamble. The trunk vs. access optrsd budget operating contour was plotted for ath ® end
(OLT-ONU) system BER of I8 between the OLT and ONUSs, representing all usebfebinations of trunk and
access loss values meeting'1BER. The BER was measured using Ethernet fransdssneasured and reported
by an Ethernet test set. As shown in Fig. 3b, tReRE system is compatible with both Class B+ anas€IC+
budgets on the access side, and enables thetlather extended by a wide 6-31.5 dB trunk budgets BHows a
GPON reach of 60 km at 128 splits, and CO constitidaby allowing an existing Class B+ or C+ OLT-p¢e.g.,
in a remote-OLT) to be replaced with a RE whickhasnected to an OLT port that can be located aaviay as 60
km from the RE. Furthermore, no trunk-access logsrdlependence for a wide 6-31.5 dB trunk budgegesand
13-33 dB access budget range (shaded area irgtive fiallows flexible placement of the FR-RE in tregwork.

" The Sync delay of the FR-RE is same for bursts fai ONUs since the US frame start time at theRERprecedes the OLT's Teqd value by a
fixed duration. Also, the first ONU can be the enhibed management ONT within the FR-RE [4].
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Fig. 3a) Experimental setup
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4. Conclusion
We have experimentally demonstrated a frame-leD@egeneration technique for GPON reach extertbian

overcomes the limitations of bit-level GPON OEOQOdfeaxtenders with respect to upstream efficienaly an
transparency. The frame-level regenerator usesmalrinspection of downstream frames to determirsgtrapm
burst arrival times. We have presented a°BER contour plot of trunk and access loss, whiuws a realizable
6-31.5 dB trunk budget and 13-33 dB access budfetying a PON reach of 60 km at 128 splits and CO
consolidation, even using a short 64-bit preanblethermore, no trunk-access loss interdependentese ranges

allows flexible placement of the frame-level regater in the network.
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