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The present invention relates in general to methods and apparatus for data
5 synchronisation in a digital c - _ In
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over a branched optical fibre network, to multiple optical network
units (ONUs), or termnations, 10 typically in customer pren ses.

Usi-ng TPON as an exanple, ranging is a known process that enables an

SYNCHRONISATION IN DIGITAL COMMUNICATIONS NETWORKS

The present invention relates in general to methods and apparatus for data
5 synchronisation in a digital communications network.

In telephony over a passive optical network (TPON), data from a single
head-end or central station (exchange) is “broadcast” as a stream of time division
multiplexed {TDM) data frames in the downstream direction, over a branched
optical fibre network, to multiple optical network units (ONUs), or terminations,

10 typically in customer premises.

Using TPON as an example, ranging is a known process that enables an
ONU to transmit data upstream, for example using a time division muitiple access
(TDMA) protocol, without it being corrupted by data transmitted by other ONUs.
In effect ranging compensates for the difference in transmission times between

15 ONUs and the head-end to prevent data from the ONUs, arising from requests from
the head-end, colliding at the head-end.

A system of managing data transport, in particular for TPON, in digital
communications networks, including a ranging process, is described in the
Applicants’ European patent EP 318 332 B1, the contents of which are

20 incorporated herein by reference. In the system described in this patent, the
bandwidth in the upstream and downstream directions is arranged into
“multiframes”, comprising 80 basic frames (for carrying data and housekeeping
information) and two basic frames (the ranging slot) for ranging.

In this description, where necessary for reasons of clarity, the. terms

25 “frame” and “slot” are used interchangeably.

In the ranging process, the round-trip time between the head-end and each
ONU is determined and a programmable transmission time delay is added to each
ONU so that all ONUs have, effectively, the same round-trip time. Typically, the
process needs to be accurate to within one data bit.

30 Ranging generally takes two forms:- course ranging and fine ranging. Both
forms of ranging use a dedicated ranging slot {in TPON, the ranging slot represents
less than 2.5% of the available bandwidth of the system). Course ranging takes

place typically before “on-line” data communications between the head-end and an
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ONU to transmt data upstream for exanple using a tine division nmultiple

access (TDMA) protocol, without it being corrupted by data transmtted
by ot her ONUs. In ef fect rangi ng conpensates=for the difference in
transm ssion tinmes between 1 5 |i€ thes BEEY-gnd to prevent data from
the ONUs, arising fromrequests REptb.b&Dhead gnd, colliding at the
head- end. WO 97/018%6 A syst em apag-ng=data transport, i POFEIBIFRINGET
for TPON, in digital comuni cati ons neté/vorks i.ncluding a ranging

process, is described in the applicants® European patent EP 318 332 Bl.
In-the system described in this 20 patent, the bandwidth in the upstream
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ste
process, the rou é me between
network, for example course ranging. System management communlcatlons, such

10 as fine ranging, is also possible during on-line operation, using for example
dedicated control channels. However, on-line communications is not possible
when, for example, the required ONU or head-end is off-line.

In practice the course ranging process typically also involves an initial
“levelliing” procedure to establish an appropriate optical power level at the ONU.

15 For levelling purposes, in response to a signal from the head-end the ONU
transmits one pulse in each of a series of ranging slots at a low optical power and
increases the optical power until the head-end receives a pulse within its dynamic
range. Only then is the course ranging procedure started. The combination of
levelling and ranging can result in the ranging slot being used many times by the

20 same ONU to adjust its optical power and obtain a correct delay. For convenience,
and unless otherwise stated, references to course ranging on start-up should be
taken to include levelling.

Using TPON as an example, for a PON having 128 ONUs and
implementing 10ms duration multiframes comprising 82 basic frames of 121.95us

25 duration (only two basic frames in each multiframe being allocated to ranging),
ranging for all ONUs would take up to 5.12 seconds, assuming four ranging slots
to range one ONU. While around 5 seconds might not seem a long time, if it is
considered that this time represents a network down-time or “dead zone”, it can
be appreciated that it is a significant amount of time, after, for example, a physical

30 re-configuration of a PON or a head-end crash and before communications may be
re-established. _

Recently, the PON concept has been extended by incorporating optical

amplification stages into one or more of the optical fibre branches of a PON.
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ONU i s determ ned and a programuable transmi ssion tine delay is added to
each ONU so that all ONUs have effectivelv the sanme round-trip tine.
Typi cal ly, the process needs ?HE?E ARLe-EQ ithin one data bit. 35
Rangi ng general ly takes two fornsg} - CO§E§EAL glng d fine ranging. Both
forms of ranging use a dedicatedt eH-fg t he rangi ng sl ot
represents WO 97/01896 PCI/GBY%6/01556 5 5
than 2.5% of the avail abl e bandw dt h of th% systen). Coarse rangi ng takes
pl ace typically before "on-line" data commnicati ons between the head-end
and an ONU can begin. Once coarse ranging is conplete, for exanple to
an accuracy of SuperPINw crohayd@\far farertenr gaagh rthan @ standardt RN, wand [zab rsengs
t he accuracy Lm%B&ﬁJ%%éB BnpEs S (within 1 bit period). Fine ranging then
continues to operate rrng normal, "on-

Applying the values of the above ranging example to ranging a SuperPON,

ranging would take around 140 seconds. However, in reality ranging for a

5 SuperPON would take much longer when account is taken of the greater reach,
and hence the greater round trip delays, of the SuperPON. In fact, the applicants
have shown that ranging all ONUs in a SuperPON may take as long as an hour,
which as a dead zone is totally unacceptable.

In accordance with a first aspect, the present invention provides a point-

10 to-multi-point communications network having a central station and a plurality of
outstations, the central station being operable:

in a first ‘on-line’ mode, to transmit signals to the outstations in a frame
structure containing one ranging frame and a plurality of data frames, and

in a second ‘off-line’ mode to transmit signals the outstations containing

15 more than one ranging frame within any period equal to the duration of the first
mode frame structure.

The invention has an advantage that initial levelling and ranging can be
carried out in the second mode in which the network is not restricted to using one
ranging slot in every n slots {where, as in the example above, a ranging slot is

20 represented by two basic frames and n represents 80 basic frames, and as a result
only 1/40th of the available frame time is utilised}. In effect there is a rapid
exchange of ranging signals between the central station and the outstations and,
as a result, network down-time is minimised in the event a whole netwaork requires
ranging. In one possible embodiment of the invention, using the above example as

25 a basis, in the second mode the 80 basic frames of the multi-frame would be
replaced by 40 ranging frames, representing a 40-fold decrease in the time needed
for ranging the whole network (that is to say, ranging could be achieved in around
128ms). An example of a whole network needs ranging is in a PON, or a
SuperPON, when one head-end fails and a back-up head-end needs to be

30 “switched in”.

The invention introduces the concept of fast, or “start-up” ranging where
all ONUs, or indeed other types of outstations, are ranged before any “on-line”

communications can begin. Obviously, this concept is not limited to TPON,_but
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| i ne" communi cations to conpensate for drift I n the optical system In the
cont ext of this patent specification, "on-line" enconpasses when
comuni cati ons bet ween users +o1s network is possible
by, for exanple, telephony, AGIBHEST AS BEFYi R, etc. "OFf-1ine"
communi cati ons enconpasses, for anpl @ePLBCEByst e lrfanagerrent

comuni cat i ons WORHEEES conmponent ications n BEHGBRO/OISSHy
exanpl e coarse rangi ng. System managenent cgnmunications, such as fine
ranging, is also possible during on-line operation, using for exanple

dedi cated control channel However, on-line conmunications is not

possi bl e wheAthef BTHVeR%HEﬂ"@d tp 1AEY T Of DIOAdREFtoROMBRICIRAS ingtwserk- where .
15 In gagcgtg,@@ptr%.@gregﬁn&@ngl ng process typically also involves
an initial "l evel ling" procedure to establish an appropriate optical
power |evel at the ONI @ preferrgd embpdimanpgingiie fissensd mode manginasicarnes hawd gnal
from the head- engribat (bl equal ttortﬂgamaie%t BRSNS dbiBy B eﬂfth@céﬁfél Statidh
rangi ng slots _at a | ow optical power and I ncreases the optical power
until the head- é7d al“é(?éFs\?%%"“a pul se Wlthl nits dynamic 20 range. Only then

is the coarse rangi ngmeﬂ@awpeth%t@ﬁéﬁgframg &ﬁnﬁuveaaaneas Qf 1east eh@a(%'fheg
and rangi ng candé sult in the ran bei ng used fY,atl nes t he

same ONU to adj (éiferpptal ot&nsws'%oaelﬁv aﬂ?élwm & ‘%Pséﬁr pe tfughessytin Fevns of

conveni ence, tranBshisdidhafefayP bREMoR S afd aliidd proﬁﬁerﬁ@%ﬁoﬂ of Wfa%ﬁmbadq&'sng
on start-up should be taken to_include |evelli

TPON as an exarpiet ep be redyses; thys incrrgsing she m oéﬁepgmg slots per fixed perlogd

10 and hence the whole network may be ranged more quickly.

In a preferred embodiment of the invention, the transmission paths are
provided by a PON. Typically the branches of the PON comprise optical fibre
transmission lines and the splits are provided by m:n passive optical splitters. m:n
splitters have an advantage over 1:n splitters that multiple {m) inputs aliow one or

15 more backup head-end(s), which improves overall network resilience. Furthermore,
one or more of the optical fibre branches may comprise or include optical
amplification means, for example an optical fibre amplifier. Such amplification
extends the reach and/or the split capacity of the optical network.

The skilled person in the art of digital communications will appreciate, as

20 indicated above, that the present invention relates to any type of communications
network having one or more stations broadcasting data in data frames or slots to
muitiple outstations. Such networks may be referred to generically as “point-to-
multipoint” communications networks For example, the ranging method might be
applied to a geostationary satellite which broadcasts downstream data in siots to a

25 plurality of groundstations, and each groundstation needs to send data upstream in
specific slots. The start-up ranging in this instance would be required to establish
the respective transmission delays between each groundstation and the satellite
before on-line communications could commence. Subsequently, fine ranging
would be used in the normal way to compensate for small changes in position of

30 the satellite. The transmission paths in this instance would obviously be line-of-
sight paths through space and the Earth’s atmosphere. Similarly, the invention
may be applied to a scenario including a single groundstation and multiple

satellites.
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i npl ementing 10ms duration multifranes conprising 82 basic frames of
121.95[err]s duration (only two basic frames in each nmultiframe being
al l ocated to ranging), ranging for all ONUs would take up to 5.12
seconds, assumng four ranging slprs———to—Farge-one ONU. Wile around 5
seconds m ght not seem a |ong tine,THIS SHEET HAS@EEﬂoni dered that this tine
represents a ne¥RSVR8¥own-ti ne or|| " dea®REPLACED it chn be BEFGBeeISHI
that it is a significant amount of time, afger, for. exanple, a physical
re-configuration of a PON or a head-end crash and before comuni cati ons may
be - re-establ i shed. Recently, the PON concept has been

ext ended by i ncor por af Mhdnveptiorc abvigesharaisoi apntias itorotberagesigurationpré massiver e
gf the optical bpHedt nbhvidk1eF efmpte B optical network, and to electrical networks, for

example co-axial or copper transmission ‘networks, or to other possible
combinations of network or transmission medium type. :

5 In one form of the invention, a head-end, for example, is in communication
with a plurality of intermediate stations, for example - repeaters, and it is the
intermediate stations which are responsible for the ranging of their own set of
outstations, for example ONUs. In this case, within the meaning of the invention,
the intermediate stations would each act as a central station for the outstations in

10 their separate networks. A system of this type is described in the applicant’s co-
pending European patent application 94308676.9, the contents of which are
incorporated herein by reference.

In accordance with a second aspect, the present invention provides a
method of ranging an outstation in a point-to-multi-point communications network

15 having a central station and a plurality of outstations, said central station being
operable;

in a first ‘on-line’ mode, to transmit signals in a frame structure containing
one ranging frame and a plurality of data frames,
said ranging method comprising the steps of:

20 al the central station transmitting a first signal to the outstation to
initiate ranging, and in response;

b} the outstation transmitting a second signal to the central station at a
reference time, and thereafter;
c) thé central station transmitting a third signal to the outstation

25 indicative of an advance or delay relative to the reference time to be applied to
subsequent transmissions from the outstation to the central station,

characterised in that the central station is further operable in a second
‘off-line’ mode to transmit signals containing more than one ranging frame within
any period equal to the duration of the first mode frame structure, and in that said

30 ranging steps are performed in the second mode of operation of the central station.

An embodiment of the present invention will now be described in more
detail, by way of example only, and with reference to the accompanying drawings,

in which:
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Super PONs can have a far greater reach than a standard PON, and can serve

around 3500 ONUs. Appl yi ng the val ues of  t he above ranging
exanpl e to ranging a Super PON, ‘ Eﬂ% ' Fg around 140 seconds.
However, in reality ranging for a 8%% you ake nmuch | onger when
account is taken of the greater r : 'the greater round trip
del ays, of the VRAB¥HB®N. | n fact, the applicants have shd®GT/GBR§{01556
ranging all ONUs in a Super PON may take as {ong as .an hour, whi ch as a
dead zone is totally unacceptabl e. I n accor dance with a first

aspect, the present invention provides a 10 commnications network
conprising a central Egueildn adiagram whighalliatiates the gtraetied ofran advangegy PON;

transmtting signals ﬂ&ur@fb gpassl{,a@?\%%&gm errEgb‘?nt&%tJd?rgnc%tdqidr@%f ERIuRS

tinme di vision multTple access receiving signals on a
downst r eam channel from the central station using tinme division

mul tiplex (TDM, in waseh aeifé‘%hmamg oﬁHr-éEa?rtn %&rg&ﬂ Aﬂﬁﬁatéé ﬁﬁlegﬁ%erméd‘ﬁatﬁ%r oPARLY1 NG

t0|tstransm55|onsat|mn eterm ne rangi ng
oper ati on for5 t batranging ¢fensingle Obohgiehe advanced PENfaf didurgyl: 8"d transmi ssion

del ays from the outstapiQnssHoqsiHe d‘é‘c’a”éerqﬁénc%tﬁ&dw Qﬁ'a h@d&den'd%%' @IbUttQ%ffect

network i s operable: (a) in an operational node in which
out st ati ons traft¥iyP BHgiNBe central station in a frame structure havi ng

a plurality of fr a”ESTKeD%IRaWd”'%eLJr%anh Cedidiagrs@tit 3tarl-GPShngity pPokRdliica e
reserved for ranglng operations; and
accordance with the present invention, of an advanced PON.

10 The skilled person will appreciate that start-up ranging is independent of
how subsequent on-line data communications are managed. For example, the on-
line communications may be TPON, which can be managed as described in the
Applicants’ European Patent referenced above, or might be asynchronous transfer
mode-based PON (APON), as described in the applicant’s grated European patent

15 337619B1.

Figure 1 shows a schematic diagram of an advanced PON in which start-
up ranging might be implemented. The network achieves full duplex operation
using parallel upstream and downstream simplex paths. The use of separate
upstream and downstream paths is technically the simplest solution to full duplex

20 operation since there is no cross-talk between upstream and downstream
channels. Howeve_r, the use of parallel networks does incur extra costs due to the
requirement for double the amount of optical fibre in the PON compared with a
single fibre, for example, WDM arrangement, where upstream and downstream
channels travel over the same optical fibres in opposite directions at different

25 wavelengths.

The advanced PON comprises a head-end 10, a feeder network 11, a
distribution network 13 and customer ONUs 15, only one of which is shown for
the sake of clarity. The feeder network 11 comprises downstream and upstream
feeders, referenced 12 and 14 respectively, which exténd the reach of the PON.,

30 An optical amplifier 16 and a repeater 18 are included in the feeder network 11 to
enable the PON to have a large split, to potentially many thousands of ONUs and a

long reach, potentially extending to many hundreds of kilometres.
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(b) in a startup node in which ranging operations are perforned, and in

whi ch outstations in respect of which the ranging operation has been
performed refrain fromtransmtting traffic data until after the
rangi ng operation has been perforned in respect of further outstations,

wher eby capacity on said upstream channel is 25 nade available to permt
more frequent rY&A87918%operati ons than is possible in said PCPEBG/#1556 |

node. The invention has an advazt age that initial levelling and
rangi ng can be carried out in the startlp node in which the network is
not- restricted to using one ranging slot in every n slots (where, as in

t he exanpl e above, a Thendoewpstedaot amglifid0 16 i< pn ecohmb-edpdal/filiraanpitie of kaowe

and n represent 0 W ,@and.as a result onl.y 1/40th of, the
avail,abl e fr aneﬂﬁléhek?%b'u?li%?és%%) 183'“7 ﬁ&e PR [fevsed; e rgd%/‘éepp’tf noise thatisnge
of rangi ng si gniessmittedampstredre. Tendovanstebat dava tansbdrhizs DTDM ﬁgma)nﬁrhtmdhﬁ

as a result, ne -1 | W) I.n.the eyent .a whol e networ
requis es raﬁggﬁ%?g?ér{l@(§Fnalgg%°or{3%iqu“@k'ewﬁﬁg#ﬁgbﬁfngoqac ?ltésefjhvent ion, using

t he above exaPpl e as Bbure Dshxives a bluck dimgsmc ohthenfodetidnblcel &G eta s usedf fion gst- Of

the mul ti-f ra”euwghg gp,ein. a POrI\FR%ﬁcae%% l?d all}\g iﬂaangljnelg 6&16”%’ fh%pﬁtaeasti?é]rwtdl 98 a
40-fol d decrease in the Life neede
comprises three sections, namely an upstream section 20, a ranging control
section 22 and a downstream section 24.
The upstream section comprises a photo-receiver 206, and a demultiplexer
10 204 connected to the photo-receiver. The photo-receiver 206 receives upstream
optical data from the ONU 15 which it converts into an electrical signal. The
electrical signal passes to the demuiltiplexer 204 which separates data channels
from different ONUSs.

The ranging control section 22 comprises a ranging controller 224,

15 connected to which are a counter 226 and a ranging pulse detector 222. The
demuitiplexed signal from the demultiplexer 204 passes to the ranging pulse
detector 222 in the ranging control section 22 of the head-end 10. During initial
start-up ranging, the only data received are ranging pulses from ONUs, hence the
detector 222 needs only to be able to detect an electrical pulse. For example, it

20 may be a simple trigger circuit.

A detection signal, generated by the ranging pulse detector 222 when it
receives a ranging pulse, passes to the ranging controlier 224. The ranging
controller 224 also receives a timing signal from the counter 226.

The downstream section 24 includes a multiplexer 242, and a laser

25 transmitter 244 connected to the multiplexer 242. The multiplexer is also
connected to the ranging controller 224. The multiplexer combines downstream
electrical data channels from a trunk network {not shown) and an electrical ranging
control channel received from the ranging controller 224. The laser transmitter
244 transmits the electrically muiltiplexed signal downstream as an optical signal.

30 The ONU 15 comprises three sections, which are in effect similar to the
sections in the head-end 10. The three sections are a downstream section 26, a

ranging control section 28 and an upstream section 29,



4 for ranging the whole network (that is to say, ranging could be

achi eved in around 1 28ns). An exanple of when a whol e network needs
ranging is in a PON, or a Super PON, when one head-end fails and a

back-up head-end needs to be "switched in". 5 The invention
I ntroduces the concept of fast, or "start-up" rangi ng where al | ONUs,

or indeed ot her WOR/IOIEI6f outstations, are ranged before any " 8GTIGBA&U1556
comuni cations can begin. Cbviously, this cgncept is not limted to TPON,
but rather nmay be applied to any form of broadcast conmunications
net wor k wher e fast start-up ranging is essential. 10 In a
preferred enbodi ment dhet ABU downstream sehtont r2éndmileisson parthseceiver 262, a

provi ded by a qumuTyp%ﬁﬁueu Mﬁh by 3RS Of gié gﬁ%\'r&%mr %8, gpﬁarﬁ@'wérabre

transm ssion |ines and ts are provi m n passi ve’ opti
splitters. mn alignmopnt ﬁ@@mrr%ﬁﬁevdmram/aamrmg@domrthq demuitjpldaxet e?r@ tamtt a

mul tiple (m i n%ﬁ@n&'c’hﬁm} gg?le&ror 268 gﬁfcﬁ DAk A RN Fafle WA Shgnment

I npr oves over al net wor ' ence. rthernore
5 detector 266 and is also connected to the demultlplexer 264,

A converted optical-to-electrical signal from the photo-receiver 262 passes
to the demultiplexer 264. The demultiplexed signal passes to the frame alignment
word detector 266 which identifies a frame alignment word in a frame alignment
channe! generated by the head-end 10 in all downstream communications. The

10 ranging channel selector 268 selects, from the demultiplexed signal, the ranging
control channel generated by the head-end ranging controller 224, This selection
is made possible because the position of the ranging channel in relation to the
frame alignment channel is a pre-determined relationship which is programmed into
the ranging channel selector.

15 The ranging control section 2B comprises a ranging controlier 284
connected to the ranging channel selector 268, a counter 282 in connection with
the ranging controller 284, and a ranging pulse generator 286 connected to both
the counter 282 and the ranging controller 284.

in the ONU ranging control section 28, the ranging information in the

20 selected ranging channel is received by the ranging controller 284. The ranging
controller 284 controls a counter re-set line 285 connected to the counter 282.
The counter 282 is in synchronism with the head-end counter 226. Synchronism
is achieved using simple electrical circuitry {not shown) which detects bit
inversions in the downstream data signal. The ranging pulse generator 286 is

25 controlled by the ranging controller 284, and receives its timing from the counter
282, as described below. _

The ONU upstream section 26 comprises a multiplexer 264 which is
connected to a packetiser {(not shown) and the ranging pulse generator 286, and a
laser transmitter 262 which is connected to the multiplexer.

30 In the ONU upstream section 29, the multiplexer 294 combines a ranging
pulse provided by the ranging pulse generator 286 with upstream data channels,
from the packetiser {not shown). The -data is transmitted upstream by the laser

transmitter 292,



1 5 one or nore of the optiCaI fibre branches may conprise or include

opti cal anplification neans, for exanple an optical fibre anplifier.
Such anplification extends the reach and/or the split capacity of the
optical network. The skilled person in the art of digital
comuni cations wi |l appreciate, as I ndi cat ed above, that the lE)resent
invention is apR104#%e to any type of 20 comunications netR{FVREREIIAg
one or nore stations broadcasting data in data frames or slots to
mul tiple outstations and outstations transmtting back to the central

station. Such networks nmay be referred to generically as "point-to-

mul ti poi nt" conmuni cathectesinifes vef laad 282 asg affprged tohave gaval dedrepunidparioght
be appl i ed a@nr@ SReR ttl%' mwsycu%ﬁﬁa% | drtRuhi Bhelyr RRGRRRLE deNpatisEan
data,in slots to a plurality of groundstatlons and each groundstati on
needs to send dawt%rﬁge?%émzpw The §ypstpgriods e pEangpdoNendt 1oas 359/6Phas i n

this instance w4l HaQﬁnuhﬁ%ﬂnHQﬂﬁt&IﬁsﬁéﬂEéﬁ Bhe head-B% AOSRACEHEVENU 15. For
transm ssi on del ays between each groundstation and the satellite bef ore

on-1ine conmfi BEMRIHsthe Seaxmes rRwMt i dedgy, Eo8 38R0k SuppiRON isdphidgn which

woul d be used Iaageh&erwuﬁalpewfsroo&ﬁrﬂa@n@?st Qo bSFBL ko @h@ngﬁplbagp%&ﬁ' on
of 30 the satellite. The transm ssion paths in this instance woul

obvi ously be | i FRENers take theirgliping ffo8 & RYERM HFIeGkatet shepwphwhichryclronises

at nosphere. Si ”’tHe&hhMe refRorikNVIgEWéVRP, the sy@ﬁ)h BRcRRPIMY £da tfé? Iﬁgl&ﬁWﬂ’a‘t@ for
i ncluding a sin an%roundstat | on and mul gﬂﬂ' satellit

The invention o & PuR tQ J-26n8Ys. dhan H‘aét’ red $a ?@Lﬁ"éﬂf"f%ﬁs‘anﬂfthﬁ&g‘gf*\%e
10 counter rate is divided down to a count of 1.2/n Gbit/s, where n is an integer

value.
. The number of counts per period determines the accuracy of the start-up

ranging process. For example, 125000 counts per period enables start-up ranging
accuracy to 16 bits (assuming a 2Mbit/s ranging channel}, in which case the value
15 of nis 9600.

An example of the start-up ranging procedure will now be described with
reference to the timing diagram in Figure 3. [n Figure 3, which is not to scale, it is
assumed that the head-end and ONU counters 226 and 282 are synchronous but
not in phase with each other.

20 For simplicity, an arbitrary count cycle of 100 counts per period will be
used to demonstrate how start-up ranging is achieved.

At point A (in Figure 3), the head-end ranging controlier 224 sends a
ranging control signal {the form of which is described below in more detail}, to the
downstream section 24 of the head-end 10, to be forwarded in a downstream

25 multiplexed signal to the ONU 15.

The multiplexed signal is received by the photo-receiver 282 in the ONU
15. The ranging control signal is extracted by the ranging channel selector 268
and forwarded to the ONU ranging controller 284, which receives the signal, at
point B.

30 The ranging control signal sets the ONU ranging controller 284 into its
ranging mode.

The ONU ranging controller 284 instructs the ranging pulse generator 286

to return a ranging pulse, via the upstream section 29 of the ONU 15, to the head-



35 optical network, for exanple a star optical network, and to el ectrical

net wor ks, for

5

exanpl e co-axial or copper transm ssion networks, or to other possible

conbi nati ons of

network or transm ssion nedi umtype. I n one

formof the invention, a head-end, for exanple, is in conmmunication
with a plural i WO23018%4t er nedi ate stations, for exanple repeaPCTEBEMISEt s
the 5 internediate stations which are reﬁponsi ble for the ranging of

their own set of outstations, for exanple ONUs. In this case, within

t he meani ng of

as a central stenditth fbe rangimgquisstoenerets 386 awaits thhaiext reegtalonzerormount rdis .

systemof this
Eur opean pat ent

5

10

15

20

25

30

the i nventi on, the intermedi ate stations would each act

ﬁwg%‘a}xﬁér ?55 %gb§3§w 66,@%&8?4& t?\@%rgﬁnr%;cﬂﬂlse 'f° ?e HaRh . itdd to
pplicatron 94 .9, corresponding to I'nternati onal
the head-end 10,

On receipt of the ranging pulse, the ranging pulse detector 222 signals to
the ranging controller 224 that the ranging pulse has arrived, at point D.

The ranging controller 224 associates the arrival of the pulse (point D)
with a count value T from the counter 226. The count value 1, at point D, equals
the number of counts by which transmission by the ONU 15 should be delayed to
ensure that a puise transmitted from the ONU at a count value of zero at the
counter 282 reaches the head-end 10 at a count value of zero at the counter 226.

To effect such a delay, the head-end ranging controller 224, at point E,
provides a message to be transmitted to the ONU ranging controller 284, which
informs the ONU ranging controller to delay upstream transmission by the
appropriate value 1.

The message from the head-end ranging controller 224 is received by the
ONU ranging controller 284, at point F. The next time the counter 282 should
reset to zero, at point G, the ranging controiler 284 signals to the counter 282 to
reset to a count value of 1, thus providing a count delay of .

Thus, the next time a ranging pulse is transmitted by the ONU 15 at a
counter value of zero, point H, of the counter 282, the pulse should arrive at the
head-end 10 when the head-end counter 226 is also at zero, at point |.

In accordance with the above ranging process, an ONU In a 300km
SuperPON can be ranged in as little as 12 ms.

For 3500 ONUs, this would allow full ranging, ignoring ievelling, in just
over 30 seconds.

In practice, the system cannot be assumed to be noise-free, and checks
should be performed. This might lengthen the ranging cycle of a single ONU 1015
ms, increasing the total time to range to just under 1 min. To achieve ranging in
this time requires all available upstream bandwidth, that is, no data traffic can be
transmitted on the upstream.

Figure 4 illustrates the information broadcast by a head-end to initiate

start-up ranging. It should be remembered that no on-line data interchange is

A



10 publication No. W96/ 16490. I n accordance with a second
aspect, the present invention provides a nmet hod of operating a

comuni cati on network conprising a central station and a plurality of
outstations, including for transmtting signals on an upstream channel
fromthe outstations to the central station using tine division nmultiple
access 1 5 (TDVEP9ZP9 r ansnitting signals on a downstream chBEHEGBIMISH t he

central station to the outstations usmlgtlme_dlwsmn mul ti pl ex
(TDM, and including perform ng rangi ng operations to determ ne timng
adj-ustments which are applied by the outstations to their

transmi ssi ons t dakingnpagesendethat all GNUsdn itingPONzane imi & stapdbylgiodgs“listening"rfora t he

outstations to bhadesR ot thalabd. gf;d_ wherein the nethod includes the steps
20 qf: (a) in an operational node, transmitting fromthe outstations
to the central stati ofhe informatiomg¢nesgted @vﬂh@rwwgmtrn@eranqwdﬁsed 2+byteofield

Fanging oper ali pe i N, L) whERentics yRT QNPTE 18 B8 Pkl i -
operations, ahdZ2rete fieldi 53 “ﬂ’!'éhﬁ'lz ENUs rragegmiset 3sng “stadtf fapginga cantfel mpmmand.

outstations in pAEHRGE re‘a&lvmlg BrdabB€ask %Qﬂrﬁ}ﬂloﬁ gﬁtac;n'fyp{he one W WRgh Rie’ﬁgntifled m n

performed until after the ranging operation been or ned
of further outsthf ja8¢ress felsr Eﬂé'ytscabefétl{fvnﬂ)rﬁ SQITQ@QUBB'F? eaHﬁ\drmrﬂﬂet ths Ch‘ﬂéie

avai | abl e t o0 pehbiresd ahd rdrghigUEsHhmhAd) GthE heaBRhA1cORBItE BaNa IretuRP SR € Th
sai d oper ati onal node.
waiting time is known as an idle time 54, since the head-end does nothing, unless

10 of course no response occurs within a pre-determined “failure” time.

On receipt of the ranging pulse, ihe head-end ranging control 224
calculates the amount of required delay and then addresses the same ONU in a
further 2-byte address field 56 foliowed by a 2-byte reset value field 58 containing
the delay 1, in number of counts. The ranging procedure may be repeated for the

15 same ONU to check that correct counter alignment has been achieved.

Once the head-end 10 is satisfied that an ONU has been ranged, the next
ONU is addressed.

When all ONUs have been successfully start-up ranged, fine ranging, if
required, and on-line data communications including fine, corrective ranging can

20 proceed, as described, for example in the Applicants’ European patent EP 318 332
B1, referenced abo;re.

Although Figure 2 represents a system suitable for start-up ranging in
accordance with the present invention, the head-end upstream and downstream
sections, 20 and 24, and the ONU downstream and upstream sections, 26 and 28,

25 are used for both start-up ranging and subsequent off-line and on-line
communications. The ranging control sections 22 and 28 are however used
substantially only for start-up ranging purposes, with the exception of the counter
282, The rahging controllers 224 and 284 could be realised in software in suitable
programmable computers. However, the high speed of the communications

30 involived (although not as high as the main upstream and downstream data rates)
would typically warrant the use of custom-built hardware circuits.

The counter 282 has a further connection {not shown) to an upstream

scheduler (not shown) in the ONU. Once start-up ranging is completed, the



30 An enbodi nent of the present invention will now be described in

nor e detail, by way of exanple only, and with reference to the
acconpanyi ng draw ngs, i n which: Figure 1 is a diagram
which illustrates the structure of an advanced PON, Figure 2 is
a bl ock diagram which represents the advanced PON of Figure 35 1; _

6 VERQUPIBSE3 i s a timing diagram which ill ustrat esPGHEBI$05%6i ned
nature of start- up ranging of a singlg,ONU of the advanced PON of
Figure 1; and Figure 4 shows the data sequence fromthe
head-end to an ONU to affect start-up ranging.

upstream scheduler receives the count value from the counter 282, in combination
with any other ranging, for example fine ranging. The scheduler buffers upstream
data and forwards it to the muitiplexer 294 to be transmitted upstream at the
correct time. Typically, data is sent upstream at a fixed offset, which is different

5 for each ONU, from the zero count of the counter 282. The offset for each ONU is
determined by the head-end.

The method and apparatus described above reflect one simple embodiment
of how start-up ranging may be achieved. The teaching in the description may be
adapted by the skilled person to suit many variants of the invention without

10 moving outside the essence of the invention. For example, synchronisation may
be achieved using a synchronisation reference signal from the head-end rather than
relying on the need to synchronise an ONU counter with a head-end counter.
However, it is believed that the present description reflects one of the simplest
ways of achieving start-up ranging.

16 The skilled person will appreciate that whilst the foregoing example of
start-up ranging is specific to a digital communications network incorporating a
PON, the concept of start-up ranging described in detail in this specification can be
applied to any form of network incorporating a central station which broadcasts
information to multiple outstations, where outstation communications with the

20 central station is susceptible to initial synchronisation using start-up ranging.



5 The followi ng description considers the start-up ranging
procedure in accordance W t jrtre—prese _nvention, of an advanced PO\
The skilled person will apprecis é"htSlamtsﬁ gﬁ‘{\ up ingi ng i s i ndependent of
how subsequent on-line data comjuni caRLpnﬁpp@e ﬁ‘hnged For exanple, the
on- | i ne comruni cati ons nmay De TPON=—whiLt be managed as descri bed
in the 10 appWQHMM¥S Eur opean pat ent 0318332 ref er enced ab REI/GRAGOMSG Nt
be asynchronous transfer node-based PON;( APON), as described in the

applicant's granted Eur opean patent 33761 9Bl. 1
shows a schematic di agram of an advanced PON i n which st;H"I“l Illlmﬂuﬂﬂmmlng
m ght be inplenented, The network achi ev&sAME| dupl ex operati on s USl ng
paral | el upstream and downstream si npl ex paths. The use of separate

upst ,eam and downstream paths is technically the sinplest solution to full
dupl ex oper kt i on AiPSEEIT-REREPGIRE ARMEHBISatqNg| REtWETKVBBYING 7S Crtsah stalipn

downstr eam &t PRtafity m&%onstﬂ% éé‘ﬁ?rapétaﬂ%{@éln‘\fbpé?%l&or ks does incur
extra costs due to the ui rerrent for e amount of opti cal

fibre in the°PON COIT]j%.IaefHSWOP ing mgde.stofgansnyt fgrels 1o theequytsiatians {pr)frame

arrangenent, WhanRtBTbhRMNAg cHGaARNEFhME Y a plursmwalaﬁ frdmelangver the
sane optical fibres in opposite directions at different vavel engt hs.
The advanced PON conp?iastesond (pihlinee iepde 19, rapsmitotignaly de aytstations cgntaining

]gh stribution nehgrr thakdndteandint FamR withhSnd Deriedlejuaing Bt dibitR fStheawn
or

mode frame structure.

10
2. A communications network according to claim 1, wherein the first mode
frame structure is a multi-frame comprising a plurality of basic frames, fewer than
half of the plurality of basic frames being arranged consecutively as said one
ranging frame.

15
3. A communications network according to either one of the preceding
claims, wherein the second mode frame structure comprises consecutive ranging

frames.

20 4, A communications network according to any one of the preceding claims,
wherein all ranging frames in said second mode have a duration at least equal to
the longest round-trip delay from the central station to any of the outstations and

back to the central station.

25 b5, A communications network according to any one of claims 1 to 3, wherein
all ranging frames in said second mode have a duration at least equal to the
difference between the round-trip delays from a fixed point in the network to
closest of the outstations and back and from the fixed point in the network to the
furthest of the outstations and back.

30
8. A communications network according to any one of the preceding claims,

wherein the central station includes a cyclic counter, and wherein the number of
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25 the sake of clarity. The feeder network 11 conprises downstre m_and
upstream feeders, referenceg=t2—and 14 respectively, WT “ lHH“l
reach of the PON. An opti cgl TarpbhEEELAL LMD a repea L 5 %

included in the feeder network he PON to have a large

1t G = ™ rb(::e'

split, to potentially many thousamis=ot- Js—and | ong reach,

potential |y exEh##H#p6t o nany hundreds of Kiloneires. PCT/GBYG{pYSSS

97/ 01896 14 PCT/ GB96/ 01556
7 The downstream anplifier 16 is an er bi um doped fibre

amplifier, of known . Adigital repeater 18 in the upstreamis used
to reduce t he neRUDEs pquaqycresof the counter determines the duration of each ranging frame in

the second mode.

7. A communications network according to 6, wherein each of the
b5 outstations includes a cyclic counter arranged to cycle at the same frequency and

with the same number of counts as the counter in the central station.

8. A central station configured for use in a point-to-multi-point
communications network according to any one of the preceding claims.

10
9. An outstation configured for use in a point-to-muiti-point communications

network according to any one of the preceding claims.

10. A point-to multi-point communications network having a central station
15 and a plurality of outstations, the central station being operable for the purposes of
off-line ranging to transmit more ranging frames to the outstations than are

transmitted to the outstations in the same period during on-line communications.

11. A method of ranging an outstation in a point-to-multi-point
20 communications network having a central station and a plurality of outstations,
said central station being operable:
in a first ‘on-line’ mode, to transmit signals in a frame structure containing
one ranging frame and a plurality of data frames,
said ranging method comprising the steps of:
25 al the central station transmitting a first signal to the outstation to
initiate ranging, and in response;
b) the outstation transmitting a second signal to the central station at a
reference time, and thereafter;
c) the central station transmitting a third signal to the outstation
30 indicative of an advance or delay relative to the reference time to be applied to
subsequent transmissions from the outstation to the central station,
characterised in that the centra! station is further operable in a second

‘off-line’ mode to transmit signals containing more than one ranging frame within
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transm tt The downstream data transport is a TDM signal, whil st
t he u‘m@m@ transport i-s—FbMA—wi-th-data. being packetised. 5

Fi gu a %l dck di agram d T sHapT Hiagnalznellenent s, used for start-
up rang| ng, in a PON head-end 1Q| and iREPLASEDQl U 15. The head-end 10
conprises three_sections, nanely =on 20, a ranging control

section 22 and ¥OdEWE% r eam secti on 24. The upst r BEHGBEEISHN
conpri ses a photo-receiver 206, and a denulyg pl exer 10 204 connected to
t he photo-receiver. The photo-receiver 206 receives upstream opti cal

data fromthe ONU 15 which it converts into an electrical signal. The
el ectrical signdhY pgriaderauabto the dyeationtaf she fist mools fremecstrentyrer aned that said

channel s fr eaRgiHgl dt6seatt peMbitned in the second modb®f Beé}g’b \quﬁgtcremralssqgﬁd

22 caonhprises a ranging control l er 224, 15 connected to ch are a counte
226 and a rangi ng pul se detector 222. The demul ti pl exed signal fromthe

demul ti pl exer 2Q@4, pasgesmbtholi NEof aRAGIAE PaH S@utstatiofEl Ct QF ‘?‘ﬁ'%"' |
rangi-ng control section 22 of the hegdgen 10 .uleaJlrol n |n|9t|a O%GH‘; nt

rangi ng, the dnFYMBRpicationsengerk  Brigra )i esteblishing s'opinen cRUsUNicstiors. th@d

detector 222 neagsvdR!baving Receblal stioHehRf Bfaramhﬁ%rblﬁééan@hﬂ , Said Fkthod
exanple, it 20 nﬁ% be a sinple trigger circult tection

si gnal , gener at S§Uding; the r"&ﬂ@?l gtagion srerigenisgt Bere 29ngife (PPEfations  dusingi said a
rangi ng pul se, pagR@IhaPateRnERDG dlBing O6H-fird) bEhmeAtatidiierof 8MP5i%6n duration.

10 13. A method for ranging outstations in a digital communications network, the
network comprising multiple transmission paths between a central station and a
plurality of outstations, wherein substantiaily all upstream bandwidth between the

outstations and the central station is made available for ranging.

15 14. A method for ranging as claimed in claim 13, wherein substantially all
upstream bandwidth is split into a stream of ranging slots, each slot having a
period at least equal to the greatest transmission delay between the central station

and any outstation.

20 15. A method for ranging as claimed in claim 13, wherein substantially all
upstream bandwidth is split into a stream of ranging slots, each slot having a
period at least equal to the differential transmission delay between the closest and

furthest outstations and a fixed point .

25 1B. A method for ranging as claimed in any one of claims 13 to 15, including

an initial levelling stage.

17. A method for ranging according to any one of claims 13 to 18, wherein
the transmission medium comprises a passive optical network.

30
18. A method for ranging as claimed in claim 17, wherein at least one of the
optical fibre branches of the passive optical network comprises optical

amplification means.
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controller 224 al somecei ves a timng signal fromthe counter 226.

The m‘“ﬂlm H n 24 includes a multiplexer 242, and a | aser 25
tran m“f

cted to tfremurttrprexer—242; The nultiplexer is also
connectetl t'o t'he ranging cont ripl"Fés SHEET HAREERM {/i pl exer conbi nes
downst r eam el ectrical datgdlchanféi"$*£F8m a tflunk network (not shown)
and an el ect ri P 97U ng control " channel Tecei ved from tR(E/GRAGHLISIG
controller 224. The laser transmtter 444 transmts the electrically
mul ti pl exed signal downstream as an optical signal. 30 The ONU 15
conprises three sections, which are in effect simlar to the sections

in the head-end 10. The three sections are a downstream section 26, a

rangi n control ecti tr.e 9
og) 81886 19. P néRo@r 8ndiRy s BiTlnneC id Mhird918, whereln sa d@%@f%’ﬁ%

| |
amplification means comprises an optical fibre ampllfler.

5 20. A communications network comprising multiple transmission paths
between a central station and a plurality of outstations, wherein the network is

arranged to be ranged on start-up in accordance with any one of claims 13 to 19.

21. An optical network unit in a passive optical network ranged in accordance

10 with the method of any one of claims 13 to 19.

22. A method of ranging outstations in a digital communications network, the
network comprising multiple transmission paths between a central station and a
plurality of outstations, the method comprising the steps of:

15 a. transmitting a first signal from the central station to a given
outstation to cause the outstation to return a second signal at a reference time to
the central station;

b.  receiving at the central station the second signal, determining the
time difference between the actual time of receipt of the second signal and a

20 required time for receipt and generating a third signal for causing the outstation to
change said reference time such that subsequent signals from the outstation arrive
at the required time,

wherein said steps are repeated for all outstations in the network and
substantially all upstream bandwidth between each given outstation and the

25 central station is made available for ranging.

23. A method according to claim 22, wherein substantially all upstream

bandwidth is arranged as a stream of upstream ranging slots of equal period.

30 24. A method according to either c¢laim 22 or 23, wherein said reference time
coincides with the beginning of the next upstream ranging slot occurring after

receipt of a signal from the central station.
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8 The ONU downstream section 26 includes a photo-receiver

I e R TR
: _

demul tipl eéxerr 284, *and a rangiLng cHaEmelcsel et g 268 which is
connected to the frane word alignment — eetor 2616 and is _al so connected
to the demul ti PiOXK&E8964. A converted optical -t o PETEERISOLRP
signal fromthe photo-receiver 262 passes 17 to the denultiplexer 264. The
derul ti pl exed signal passes to the frane alignnent word detector 266
whi.ch identifies a frame alignnent word in a franme alignment ~ channel
generat ed by tH#® head Baidod @csaiding o aAv PR ?fe%fr@o?fﬁﬁs’n?‘ga@h%ﬁa saiiifaference
rangi ng channelingels@HaRfed?BP siiftnG Ghe phidedN thB @ipsesam tdnBlng dsts By bmodidte
rangi ng control channel generated by the head-end ranging controller
224. "This sel e®@H@nto the P@er@ﬁ@'eméﬁme@nb@eaiﬁ@'tw 96 dpeeiRsnofothe pecond
rangi ng channelsidngi &1 @k ir@duirk® tikda%or receipt.2me al i gnment channel is a
pre-determ ned relationship which is programed into t he rangi ng
channel sel eBtor. 15 The rangi ng control section 28 conprises a

rangi ng controldeer 2@dmethod according to claim 25, in which a cyclic counter associated with

the outstation determines the period and phase of the slots, where the start of the
counter period is coincident with the beginning of a slot and the counter period is
equal to the period of a slot.

10 _
27. A method according to claims 26, wherein a cyclic counter associated
with the central station is arranged to cycle with equal period to the upstream

ranging slot period.

15 28. A method according to claim 27, wherein change of the reference time is
effected by changing the phase of the cyclic counter associated with the
outstation relative to phase of the cyclic counter associated with the central
station, such that a signal sent from the outstation at the beginning of an upstream
ranging slot arrives at the central station at the beginning of a cycle of the cyclic

20 clock associated with the central station.

29. A digital communications network, the network comprising multiple
transmission paths between a central station and a plurality of outstations,
wherein for establishing synchronisation between the central station and each of
25 the outstations, the central station comprises:
means for transmitting a first signal to a given outstation; and
means responsive to the time of receipt of a second signal from the
outstation to calculate a delay for the second signal and for transmitting to the
outstation a third signal representative of the delay, and each outstation
30' comprises:
means responsive to the receipt of said first signal to transmit said second

signal at a reference time; and
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connect ed ' channel selector 268, a counter 282 in connection
wth II'&"!EN ﬁt roll er and a_ranging. pul se generator 286
connect e count gf gllng controller 284.

I'n the ONU*rangi ng control secti Tag%sgﬁ&giggr%?ﬁgul nformation in the 20
sel ected rangi ng channel is recetved-hy—the—ranginy controller 284. The
rangi ng contPIFPBP6 284 controls a counter re-set |ine 285PEHABMMIEE t o
the counter 282. The counter 282 is injgynchronismwth the head-end
counter 226. Synchronism is achieved using sinple electrical circuitry
(not shown) which detects bit i nversions in the downstream data signal.
The ranging pul se gerlBFAPJFSPRggive Jo mgid thifd: sigial &) aler s9E "PISFRICRGIMORY 31 | er
284, and recei ve.smurttseqtm]rfb@g.dfdegmthe count er 282, as described bel ow.
The ONU upstream section 26 conprises a nultiplexer 264 which is

connected to a packet‘i"%?‘”(t%f'etg‘f?M)a’ﬁ’ﬁaeq i Usea k| Mtse Sutilaklerubatantially e,
and a | aser of tHanggstiebAlbadBwidthibetivdeh HRULRRLGSh by tCcdRlal ishhiBX 8¢ £0r30
In the ONU upstream section 29, the multiplexer 294 conbi nes a rangi ng
pul se provided By R‘ﬁ’i@sPé’ﬁQﬁ”ﬁ@‘gpul se generator 286 with upstream data
channel s, fromthe packetiser (not shown). The data is transmtted
upstream by the | aser transmtter 292.
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The counters 226 and 282 are arranged to have equal fixed count periods
during which tinme they accunul ate, or count. At the beginning of each
period, the counters reset to zero. The fixed periods are arran d to
be at | east a3v@9xQ18%as the maxi mumround-trip del ay betXieB6M
head-end 10 and the ONU 15. For 5 exanple, the maxi mumround trip deI ay
for a 300km SuperPON i s 3nms, in which 1/¥ase the count period for both
counters would be set to 3ms. Typically, both counters take their
timng froma systemclock (not shown) which synchronises t he whol e
net wor k. However, the systemclock runs at a far higher bit rate, for

4
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ONU
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DISTRIBUTION

FEEDER
FIGURE 1
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exanple at up to 1.2CGbit/s, than that required for the counters, and

therefore the 10 counter rate i s[fiw=ges down-to _a_count of 1. 2/n Ghit/s,
where n is an integer val ue.l THSSHEETI—'AS BheN Fnber of counts per
period determ nes the accuracy of|{the SBEPiLAGHED ngi ng process. For
exanpl e, 125000 counts per period enmabres—StHrt=up=F'angi ng accuracy to

16 bits (assurwQgrea8®\bit/s rangi ng channel) in which case P&ECHEY*15

of nis 9600. An exanpl eﬁ éjhe start-up r angi ng rocedure will
now be described with q eference td/ etlmngndlagram igure 3. In
Figure 3, which Ls.nof.tafScale,. it S — —assunefi-t bat. thb. ka“' nd and
ONU counters 22b : Ot i  th each
ot her. 20 I FqQr sinplicit bunt cycle of| 180 counts
per period willy used®t 0 dg thup rahgi ngfisl
achi eved. At éownt A P head- epd rahgiing
controller 224 L ds 4 | | 1 thesf orin of fhijch is
descyi bed bel oWl i norde Hmaj ) epnfsec{i on P4 of the
head-end 10, tol f ojwal %U] G Il Y i %Ie d si gndl to the
ONU 15. } <11e B o) vied \ he
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1 5. The ranging control signal is extracted by the rangi ng channel

sel ector 268 and forwarded to the ONU rangi ng controller 284, which
receives the signal, at point B. 30 The rangi ng control signal
sets the ONU ranging controller 284 into its rangi ng node.

The ONU rangin ‘Sg l;rol I er 284 instructs the ranging pul se generator 286
to return a ra%& 8 via the upstream section 29 of theP@NCBXHISISO

t he head- V\O 97/ 01896
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"eHp7/801 2:0Pherareangpg493ul e gener at or 286 awaits the next reset (or zero
count) of the counter 282 and, at point C, generates the ranging pul:se -
to bé transmtted to t he head-end 10. - On receipt; of the:
rangi ng pul se, the ranging pul se detector 222 signals to 5 the ranging:+
controller 224 that the rangi ng pul se haslarrived, at point D

The rangi ng controller 224 associates the arrival of the pul se (point D)
with a count value [err] fromthe counter 226. The count value [err], at

poi nt D, equal s t he nunber of counts by which transm ssion by the ONU
15 shoul d be del ay@¥NEHRONISARON BN PHATAR GRVIEWINICATEINSE NETWORBKEt he ONU at
a count value of zero at the 10 counter 282 reaches the head-end 10 at a
count value of zero at the counter 226. To effect such a del ay,
t he head-end rangi hitp BGAERINYTtiopTglates ineinatal (0 methodsr g erparatusréersdaie t o

be transmist t &hchrorlidiRioa AdleHl BEMARIAda@bhEhewRstk. Whi Ch informs the ONU
ranging controller to delay upstreamtransm ssion b appropriate

value [err]. 15 In telephony,ovgedsRafsiver oRfiGeh @CHEY- éﬁf@%aﬁ&%&oﬁbﬁt?im?er
224 is receinad-dnd bMeentral sEdn! (@REdMGeCRMDrSddcast 288 stleaPObfMtimb.diviign next
time the Courghﬁlrple%(%czi Fljb%f)l céla'ta frames in the downstream direction, over a branched
optical fibre network, to multiple optical network units (ONUs), or terminations,
10 typically in customer premises.

Using TPON as an example, ranging is a known process that enables an
ONU to transmit data upstream, for example using a time division muitiple access
{TDMA) protocol, without it being corrupted by data transmitted by other ONUs.
In effect ranging compensates for the difference in transmission times between

15 ONUs and the head-end to prevent data from the ONUs, arising from requests from
the head-end, colliding at the head-end.

A system of managing data transport, in particular for TPON, in digital
communications networks, including a ranging process, is described in the
applicants’ European patent EP 318 332 B1. In the system described in this

20 patent, the bandwidth in the upstream and downstream directions is arranged into
“multiframes”, comprising 80 basic frames (for carrying data and housekeeping
information) and two basic frames (the ranging slot) for ranging. European patent
specification 0618444A concerns a similar system where however coarse ranging
signals from an outstation are transmitted at low magnitudes for the duration of a

25 complete muitiframe but sampied at the main station only during a ranging window
during which other outstations transmit no data. European patent specification
061443A discusses the use of a quasi-oversampled ranging bit pattern for this
purpose.

In thi§ description, where necessary for reasons of clarity, the terms

30 “frame” and “slot” are used interchangeably.

In the ranging process, the round-trip time between the head-end and each
ONU is determined and a programmable transmission time delay is added to each
ONU so that all ONUs have, effectively, the same round-trip time. Typically, the
process needs to be accurate to within one data bit.

35 Ranging generally takes two forms:- coarse ranging and fine ranging. Both

forms of ranging use a dedicated ranging slot (in TPON, the ranging slot represents
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users of a communications network is possible by, for example, telephony,
facsimile, television, etc. “Off-line” communications encompasses, for example,
system management communications between components of the communications
network, for example coarse ranging. System management communications, such
as fine ranging, is also possible during on-line operation, using for example
dedicated control channels. However, on-line communications is not possible
when, for example, the required ONU or head-end is off-line.

In practice the coarse ranging process typically also involves an initial
“levelling” procedure to establish an appropriate optical power level at the ONU.
For levelling purposes, in response to a signal from the head-end the ONU
transmits one pulse in each of a series of ranging slots at a low optical power and
increases the optical power until the head-end receives a pulse within its dynamic
range. Only then is the coarse ranging procedure started. The combination of
leveiling and ranging can result in the ranging slot being used many times by the
same ONU to adjust its optical power and obtain a correct delay. For convenience,
and unless otherwise stated, references to coarse ranging on start-up should be
taken to include levelling.

Using TPON as an example, for a PON having 128 ONUs and
implementing 10ms duration muitiframes comprising 82 basic frames of 121.95us
duration (only two basic frames in each muitiframe being allocated to ranging},
ranging for all ONUs would take up to 5.12 seconds, assuming four ranging slots
to range one ONU. While around 5 seconds might not seem a long time, if it is
caonsidered that this time represents a network down-time or “dead zone”, it can
be appreciated that it is a significant amount of time, after, for example, a physical
re-configuration of a PON or a head-end crash and before communications may be
re-established.

Recently, the PON concept has been extended by incorporating optical

amplification stages into one or more of the optical fibre branches of a PON.
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place and that all ONUs in the PON are in a standby m)de "l'isteni 'ng" for: a

br oadcast from the head-end. The information generated by the

rangi ng controller includes a 2-byte field 50 containing an ONU

addr ess, whi
52 vvhich aII

i dentified iaround 3390 @QWlsess fiel d reacts by returning a rangi ng pul se.
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and ﬁwenceh%'?édgreeggerrrgﬂrgcj trgp ggg&sr Oolf t%e %uperPON. In fact, the applicants

have shown that ranging all ONUs in a SuperPON may take as long as an hour,
which as a dead zone is totally unacceptable.

In accordance with a first aspect, the present invention provides a
communications network comprising a central station and a plurality of outstations
for transmitting signals on an upstream channel to the central station using time
division multiple access (TDMA) and receiving signals on a downstream channel
from the central station using time division multiplex (TDM), in which each
outstation has timing means for applying to its transmissions a timing adjustment
determined by a ranging operation for that station, to compensate for differing
transmission delays from the outstations to the central station, and in which the
network is operable:

{a) in an operational mode in which the outstations transmit to the central station
in a frame structure having a plurality of frames containing traffic data and at least
one frame reserved for ranging operations; and

{b) in a startup mode in which ranging operations are performed, and in which
outstations in respect of which the ranging operation has been performed refrain
from transmitting traffic data until after the ranging operation has been performed
in respect of further outstations, whereby capacity on said upstream channel is
made available to permit more frequent ranging operations than is possible in said
6perational mode.

The invention has an advantage that initial levelling and ranging can be
carried out in the startup mode in which the network is not restricted to using one
rangihg slot iﬁ every n slots (where, as in the example above, a ranging slot is
represented by two basic frames and n represents 80 basic frames, and as a result
only 1/40th of the available frame time is utilised). In effect there is a rapid
exchange of ranging signals between the central station and the outstations and,
as a result, network down-time is minimised in the event a whole network requires
ranging. I[n one possible embodiment of the invention, using the above example as
a basis, in the second mode the 80 basic frames of the muilti-frame would be

replaced by 40 ranging frames, representing a 40-fold decrease in the time needed
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ware CIr
provided by a PON. Typically the branches of the PON comprise optical fibre

transmission lines and the splits are provided by m:n passive optical splitters. m:n
splitters have an advantage over 1:n splitters that multiple {(m) inputs allow one or
more backup head-end(s), which improves overall network resilience. Furthermore,
one or more of the optical fibre branches may comprise or include optical
amplification means, for example an optical fibre amplifier. Such amplification
extends the reach and/or the split capacity of the optical network.

The skilled person in the art of digital communications will appreciate, as
indicated above, that the present invention is applicable to any type of
communications network having one or more stations broadcasting data in data
frames or slots to multiple outstations and outstations transmitting back to the
central station. Such networks may be referred to generically as “point-to-
multipoint” communications networks For example, the ranging method might be
applied to a geostationary satellite which broadcasts downstream data in slots to a
plurality of groundstations, and each groundstation needs to send data upstream in
specific slots. The start-up ranging in this instance would be required to establish
the respective transmission delays between each groundstation and the satellite
before on-line communications could commence. Subsequently, fine ranging
would be usea in the normal way to compensate for small changes in position of
the satellite. The transmission paths in this instance would obviously be line-of-
sight paths through space and the Earth’s atmosphere. Similarly, the invention
may be applied to a scenario including a single groundstation and multiple
satellites.

The invention obviously also applies to other configurations of passive

optical network, for example a star optical network, and to electrical networks, for
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upstream schedul er receives the count val Ge fromthe counter 282, in

conbi nati on with any other ranging, for exanple fine ranging. The

schedul er bUEiﬁﬁﬁleURﬁiéﬁﬁmor copS@t araMafhi Js‘i}fry"aﬁéjt%o'rlﬁs,t QrthE '&Hetr' ?o@%ﬂﬁe 294
to be transm tt stream at ﬂ correct time. Typicall
sent upstreaﬁ?'ﬁ‘g'”gt'gﬁ«g ”%tf"‘f%‘ﬁto”r\ﬁﬂ?rEﬁS'PE eRFYBA¥PR: 5 for each ONU, from

the zero count of “trhend futmt & thd8denlibe, #hbsebnd, Tbr 8R&APIENY ih Sommunication
with a plurality of intermediate stations, for example repeaters, and it is the

5 intermediate stations which are responsible for the ranging of their own set of

outstations, for example ONUs. [n this case, within the meaning of the invention,

the intermediate stations would each act as a central station for the outstations in

their separate networks. A system of this type is described in the applicant’s co-

pending European patent application 94308676.9, corresponding to International

10 publication No. W096/16490.

In accordance with a second aspect, the present invention provides a
method of operating a communication network comprising a central station and a
plurality of outstations, including for transmitting signals on an upstream channel
from the outstations to the central station using time division multiple access

15 (TDMA) and transmitting signals on a downstream channel from the central station
to the outstations using time division muitiplex {TDM), and including performing
ranging operations to determine timing adjustments which are applied by the
outstations to their transmissions to compensate for differing transmission delays
from the outstations to the central station, wherein the method includes the steps

20 of:

(a) in an operational mode, transmitting from the outstations to the central station
in a frame structure having a plurality of frames containing traffic data and at least
one frame reserved for ranging operations; and

(b) in a startup mode, performing ranging operations, and refraining from

25 transmitting traffic data from outstations in respect of which the ranging operation
has been performed until after the ranging operation has been performed in respect
of further outstations, whereby capacity on said upstream channel is made
available to permit more frequent ranging operations than is possible in said
operational mode.

30 An embodiment of the present invention will now be described in more
detail, by way of example only, and with reference to the accompanying drawings,
in which:

Figure 1 is a diagram which illustrates the structure of an advanced PON;

Figure 2 is a block diagram which represents the advanced PON of Figure
35 1;
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how subsequent on-line data communications are managed. For example, the on-
line communications may be TPON, which can be managed as described in the
applicants’ European patent 0318332 referenced above, or might be asynchronous
transfer mode-based PON (APON), as described in the applicant’s granted
European patent 337619B1.

Figure 1 shows a schematic diagram of an advanced PON in which start-
up ranging might be implemented. The network achieves full duplex operation
using parallel upstream and downstream simplex paths. The use of separate
upstream and downstream paths is technically the simplest solution to full duplex
operation since there is no cross-talk between upstream and downstream
channels. However, the use of parallel networks does incur extra costs due to the
requirement for double the amount of optical fibre in the PON compared with a
single fibre, for example, WDM arrangement, where upstream and downstream
channels travel over the same optical fibres in opposite directions at different
wavelengths.

The advanced PON comprises a head-end 10, a feeder network 11, a
distribution network 13 and customer ONUs 15, only one of which is shown for
the sake of clarity. The feeder network 11 comprises downstream and upstream
feeders, referenced 12 and 14 respectively, which extend the reach of the PON.
An optical amplifier 16 and a repeater 18 are included in the feeder network 11 to
enable the PON to have a large split, to potentially many thousands of ONUs and a
long reach, po-tentially extending to many hundreds of kilometres.
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1807/87 12:06 upatentp\word\24930 pPTTUINI Cat i ons net wor k conprising a central station
and a plurality of 5 outstations for transmtting signals on an upstream

channel to the central station using time division nultiple access’..,
(TDMA) and receiving signals on a downstream channel: fromt'he centra)’
station using time division multiplex (TDM, in which each out station

has timng nme its transm ssions a timng adjustnent
det er m ned byaﬂmﬂﬁmmmmu ﬁmon for t@%wﬁ.’t ation, to conpensate for
differing 1 0 transmtssi*onsdetays from tstations to the central
station, and in which the network i s operabl e: (a) in an
operational node i'n which the outstations transmt to the central station

in a frame structure having a plurality of frames containing traffic data
and at |east!: A communications network comprising a central station and a plurality of

5 outstations for transmitting signals on an upstream channel to the central station
using time division muitiple access (TDMA) and receiving signals on a downstream
channel from the central station using time division multiplex (TDM}, in which each
outstation has timing means for applying to its transmissions a timing adjustment
determined by a ranging operation for that station, to compensate for differing

10 transmission delays from the outstations to the central station, and in which the
network is operable:
(a) in an operational mode in which the outstations transmit to the central station
in a frame structure having a plurality of frames containing traffic data and at least
one frame reserved for ranging operations; and

15 (b} in a startup mode in which ranging operations are performed, and in which
outstations in respect of which the ranging operation has been performed refrain
from transmitting traffic data until after the ranging operation has been performed
in respect of further outstations, whereby capacity on said upstream channel is
made available to permit more frequent ranging operations than is possible in said

20 operational mode.

2. A communications network according to claim 1, in which the central
station comprises:
means for transmitting a first signal to a given outstation; and
25 means responsive to the time of receipt of a second signal from the
outstation to determine the time difference between the actual time of receipt of
the second signal and a required time for receipt and for transmitting to the
outstation a '_chird signal representative of the difference, and each outstation
comprises:
30 means responsive to the receipt of said first signal to transmit said second
signal at a reference time; and
means responsive to said third signal to change said reference time such

that subsequent signals from the outstation arrive at the required time.
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means responsive to said third signal to change said reference tinme such

4, A network according to claim 1, 2 or 3, wherein the channels are provided

10 by a passive optical network.

5, .A network according to claim 4, wherein the passive optical network
comprises at least one optical fibre branch which includes optical amplification
means

15
6. A communications network substantially as herein described with

reference to the accompanying drawings.

7. A method of operating a communication network comprising a central
20 station and a plurality of outstations, including for transmitting signals on an
upstream channel from the outstations to the central station using time division
multiple access (TDMA) and transmitting signals on a downstream channel from
the central station to the outstations using time division muitiplex (TDM), and
including performing ranging operations to determine timing adjustments which are
25 applied by the outstations to their transmissions to compensate for differing
transmission delays from the outstations to the central station, wherein the
method includes the steps of:
{a) in.an operational mode, transmitting from the outstations to the central station
in a frame structure having a plurality of frames containing traffic data and at least
30 one frame reserved for ranging operations; and
(b} in a startup mode, performing ranging operations, and refraining from
transmitting traffic data from outstations in respect of which the ranging operation
has been performed until after the ranging operation has been performed in respect
of further outstations, whereby capacity on said upstream channel is made
35 availabie to permit more frequent' ranging operations than is possible in said

operational mode.
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3. A network according to claim2, in which the central station has''a "
cyclic counter; each outstation has a cycli.g Counter arranqed ‘to.be.,y .7
synchrom unter of the central EE Gl ve'
outstatio Gﬂl&ﬂ“&m Illl)"[mange the 5 reflérenc NMepk8; KRS b 'g ,To change

t he phase eLCycCl I eount er associ at ed ; Lion

relative to phase of the cyclic counter associated with the central

station by an anount determned by the third signal.
8. A method according to claim 7 in which the ranging operation comprises

the steps of:
a. transmitting a first signal from the central station to a given
5 outstation to cause the outstation to return a second signal at a reference time to
the central station;
b. receiving at the central station the second signal, determining the
time difference between the actual time of receipt of the second signhal and a
required time for receipt and generating a third signal for causing the outstation to
10 change said reference time such that subsequent signals from the outstation arrive
at the required time,

wherein said operation is repeated for each outstation in the network.

9. A method according to claim 11, in which the central station has a cyclic
15 counter and each outstation has a cyclic counter synchronised to the counter of
the central station and the said change of the reference time for any outstation is
effected by changing the phase of the cyclic counter associated with that
outstation relative to phase of the cyclic counter associated with the central

station.
20

10. A method according to claim 7, 8 or 9, wherein the channels are provide

by a passive optical network.

11. A method according to claim 10, wherein the passive optical network
25 comprises at least one optical fibre branch which includes optical amplification

means.

1.2. A method for ranging outstations in a digital communications network, the

network comprising multiple transmission paths between a central station and a

plurality of outstations, wherein substantially all upstream bandwidth between the

30 outstations and the central station is made avaiiable for ranging.
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‘including performng rangi ng operations to deternine timng adjustments

whi ch are

conpensate for differing transm ssi on del ays fi;
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reference time is operable to change the phase of the cyclic counter associated
with that outstation relative to phase of the cyclic counter associated with the

central station by an amount determined by the third signal.

4, A network according to claim 1, 2 or 3, wherein the channels are provided

by a passive optical network.

5. A network according to claim 4, wherein the passive optical network
comprises at least one optical fibre branch which includes optical amplification
means

6. A method of operating a communication network comprising a central
station and a pluré!ity of outstations, including for transmitting signals on an
upstream channel from the outstations to the central station using time division
multiple access {TDMA) and transmitting signals on a downstream channel from
the central station to the outstations using time division muiltiplex {TDM), and
including performing ranging operations to determine timing adjustments which are
applied by the outstations to their transmissions to compensate for differing
transmission delays from the outstations to the central station, wherein the
method in¢ludes the steps of:

(a) in an operational mode, transmitting from the outstations to the central station
in a frame structure having a plurality of frames containing traffic data and at least
one frame reserved for ranging operations; and

(b} in a startup mode, performing ranging operations, and refraining from
transmitting traffic data from outstations in respect of which the ranging operation
has been performed until after the ranging operation has been performed in respect
of further outstations, whereby capacity on said upstream channel is made
available to permit more frequent ranging operations than is possible in said
operational mode.
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7. A met hod according to claim 6 in which the ranging

operation conprises the steps of: a. transmtting a
first signal from the central station to a given 5 outstation to caus

the outstation to return a second signal at a refer¢ Brie qornrih
central station; b. receiving at the ¢ ‘ﬁéqjmﬁﬁiﬂ?ﬁ* I1e
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the steps of:

a. transmitting a first signal from the central station to a given
outstation to cause the outstation to return a second signal at a reference time to
the central station;

b. receiving at the central station the second signal, determining the
time difference between the actual time of receipt of the second signal and a
required time for receipt and generating a third signal for causing the outstation to
change said reference time such that subsequent signals from the outstation arrive
at the required time,

wherein said operation is repeated for each outstation in the network.

8. A method according to claim "7, in which the central station has a cyclic
counter and each outstation has a cyclic counter synchronised to the counter of
the central station and the said change of the reference time for any outstation is
effected by changing the phase of the cyclic counter associated with that

outstation relative to phase of the cyclic counter associated with the central
station.

9 . A method according to claim 6, 7 or 8, wherein the channels are provide
by a passive optical network.

10. A method according to claim 9, wherein the passive optical network
comprises at least one optical fibre branch which includes optical amplification
means.

11. A method for ranging outstations in a digital communications network, the
network cz')mprising multiple transmission paths between a central station and a
plurality of outstations, wherein substantially all upstream bandwidth between the

outstations and the central station is made available for ranging.
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(57) Abstract

In a digital communications network comprising a branched passive optical network (11, 13) connecting a head-end (15) with a
plurality of optical network units (15), the time taken to synchronise, by ranging, all optical network units (15) and the head-end (10),
when the network needs to be initialised from scratch, is minimised. This is achieved by making all bandwidth in the upstream direction
of the network (14) available for the purpose of course ranging. Once the whole network is ranged, then bandwidth is made available, in
the normal way, to combined data communications and operations and management functions.




