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COMMUNI CATI ONS NETWORK Thi's invention relates to conmmuni cati ggmaget wor ks,
and has particular utility in relation to Passive Optical Ne ﬂl'ﬁ;. (PONs) .
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(54) Titlee COMMUNICATIONS NETWORK

(57) Abstract

A communications network is provided comprising an optical waveguide (1) to which is connected a head-end station (2) and at least
one optical network unit (ONU) (3), an ONU (3) providing an interface to the communications system for connected user equipment (5).
Data received by an ONU (3) from connected user equipment (5) are stored in a buffer (13) prior to transmission to the head-end station
(2). The head—end station (2) is arranged to implement, in conjunction with the ONUs (3), a demand-assignment protocol for the transfer
of data upstream from the ONUs (3) to the head-end station (2) according to which an ONU (3) demands usptream capacity based upon
a prediction of its future capacity requirements, calculated using at least one record of earlier granted capacity by the head-end station (2)
and at least one measurement of a quantity of data awaiting transmission to the head-end station (2) in the buffer (13) of the ONU,




25 , avpid collision at the OLT. PONs enpl oying a TDMA nul ti pl exi ng
techni.que are known as TDMA PONs. Various protocols, known as Media Access
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10 typically, in a local telephone exchange. The OLT controls access to the shared

capacity of the PON and interconnects the PON with a wider telecommunications
network. So called optical network units (ONUs} are connecfed to the “user ends”
of the PON, typically up to 10km downstream from the OLT, to provide points of
connection to users, to multiplex services and to communicate over the PON with
15 the OLT.
Conventionally, data are passed over the PON between an ONU and the
OLT according to a predetermined packet structure, data being muitiplexed within
that predetermined structure for the particular service being provided to a user.
Data interchanges between OLT and ONU take place under the centralised control
20 of the OLT using a predetermined protocol, designed to ensure that the available
capacity of the PON is shared equitably between the connected ONUs and
between the various services being carried. Data passing “upstream” over the PON
from ONUs to the OLT are typically multiplexed according to a Time Division
Multiple Access (TDMA) technique in which data channels are separated in time to
25 avoid collision at the OLT. PONs employing a TDMA muitiplexing technique are
known as TDMA PONs. Various protocols, known as Media Access Control (MAC)
protocols, have been developed to control an ONU’s upstream access to the
shared capacity on a PON. MAC protocols may implement the TDMA muitiplexing
scheme in the upstream direction, or they may implement other packet-based data
30 transfer schemes more appropriate to especially high data rates or to a variabie
rate asymmetric data transport,
A typical “star” PON configuration does not permit ONUs to communicate
directly with each other and to decide among themseives which one will next be

allowed to send data upstream to the OLT. PON MAC protocols therefore tend to



packets in its buffer than the allocation will allowto be transmtted in
that cycle, |leading to packet delay. A demand assignnent policy, on the '

ot her hand, lw%%the al l ocation of capacity to ONUs to vary according to
demand, naki ng 2 efficient use of the PON. PCT/GB9§/P3229 A
nunber of protocols have been d vel oped incorporating the demand assi gnnent
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packets in its buffer than the allocation will allow to be transmitted in that cycle,

{eading to packet delay. A demand assignment policy, on the other hand, allows

the allocation of capacity to ONUs to vary according to demand, making more

15 efficient use of the PON.

A number of protocols have been developed incorporating the demand
assignment policy, or variations on the theme. For example, with a polled. pipeline
protocol, demand for capacity by ONUs may be determined by the OLT by means
of a process in which each ONU is polled in turn by the OLT for a specified

20 maximum number of upstream data packets, the ONU including with any
transferred data a message requesting that a specified number of data packets of
upstream capacity be reserved for its next upstream slot during the next palling
cycle. The capacity requested by the ONU is typically equal to the number of
packets awaiting transmission in the ONU’s buffer. Alternatively, the ONUs may

25 send reservation messages to the OLT to increase or decrease capacity assigned,
as and when required. In either case, the OLT makes a reservation for that ONU in
an overall assignment schedule for the PON based upon the requested capacity,
although allocations of capacity to a particular ONU by the OLT may be subject to
ceilings during periods of heavy demand for capacity to ensure fair allocation

30 across ONUs and to ensure that appropriate priority is given, for example, to low
bit rate telephony services. In such circumstances, data packets can be delayed if
they arrive in the ONU's buffer between the time of the last request for capacity
by the ONU and the time of the ONU’s next upstream slot. There are then more
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3 packets in the ONU s buffer than the ONU had asked to send in that slot.
This situation may continue_for several cycles until the data arrival rate
drops. MAC prﬁbgg,g.,; atterrpt to inplenent a control policy o

coping with anges i n demand for servi ce by ONUs. PONs may carry rrany
types of 5 service traffic, fromlow bit rate synchronous services to
variable high bit rate 'data' services. Protocols attenpt to allocate
capacity fairly so that, for exanple, a | o® rate voice connection is not
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gquantity of data ten sent the rom to transmt to the optical
network unit a p@#tmqugnany different fixed and variable rate service types. Thus, the choice of

MAC protocol may have a great influence on the performance of the network.
According to a first aspect of the invention there is provided a
15 communications network comprising:
a head-end station;
an optical network unit having user equipment connected thereto, said
optical network unit being linked to the head-end station by means of an optical
waveguide and including a buffer to store data received from said user equipment;
20 wherein the head-end station includes control means arranged to control
the transmission of data by the optical network unit to the head-end station over
said waveguide, said control means being responsive, on receipt of a request
message transmitted by the optical network unit indicative of the quantity of data
intended to be sent therefrom, to transmit to the optical network unit a polling
25 message including an indication of the quantity of data that the optical network
unit is permitted to send to the head-end station;
wherein the optical network unit includes means responsive, on receipt of
the polling message, to transmit, from the buffer to the head-end station over said
waveguide, a quantity of data less than or equal to the permitted quantity
30 indicated by said polling message, and
‘wherein the optical network unit is arranged to calculate the data quantity
to be specified in the request message to the head-end station using at least one
measurement of buffer fullness in combination with at least one indication of a

permitted quantity of data.



. 25 nessage including an indication of the quantity of data that the .
optical network unit is permtted to send to the head-end station; wherein
t he opti cal e;\lfg{ unit includes neans responsive, on receipt of the

pol i ng nesgialbes' % transnit, fromthe buffer to the headPSHEBINERRDN over
sai d wavegui de, a quantity of data less than or equal to the permtted
quantity 30 indicated by said polling nessage, and wherein the optical
network unit is arranged to calculate the data quantity to be specified in
t he request nessage to the head-end station using at |east one neasurenent
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its request for capacity, than under a conventional demand-based allocation
scheme in which a request for upstream capacity is based simply on the quantity
of data actually in the buffer at the time of submitting the request. The rate at
which data arrives may be derived from observations of the quantity of data held
15 in the buffer (the “buffer fuliness”) at particular instants in time during the latest
and earlier reset cycles. The quantity of data leaving the buffer as data transmitted
upstream by the ONU to the OLT, is defined in general by the upstream. capacity
assigned to the ONU by the OLT. If sufficient data is awaiting transmission in the
buffer it is assumed that the ONU transmits the maximum permitted data quantity
20 indicated by the polling message.

By submitting pre-emptive requests for upstream capacity based upon
predictions of future capacity requirements, embodiments of the invention offer the
chance to minimise delay, and variation in the delay to upstream data transmission
for some or all of the services being transported by the PON. This may improve

25 both the quality of individual services and the overall efficiency of the PON. In
particular, minimising data delay variation is known to be important for maintaining
the quality of constant bit rate services, voice services for example.

According to embodiments of the present invention, more or less
sophisticated algorithms may be incorporated in each ONU to predict future buffer

30 fullness based upon a recent history of buffer fullness and permitted upstream
capacity. As a secondary benefit, the ability for example to pre-empt a reduced
requirement in a future cycle helps to minimise wastage of assigned capacity and
releases capacity to other ONUs earlier than may have been possible with a

conventional demand assignment protocol. This helps to minimise delays to



schenme.in which a request for upstream capacity is based sinply on the
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earlier than may have been possi nven assi‘ghment
protocol . This Triwprk ynit arbalfing messop ay:g:dmg an indication of the quantity of data that

the optical network unit is permitted to send to the head-end station;
wherein the optical network unit includes:

15 means responsive, on raeceipt of the polling message, to transmit, from the
buffer to the head-end station over said waveguide, a quantity of data less than or
equal to the permitted quantity indicated by said polling message; and

means to generate a message for transmission to the head-end station
indicative of a quantity of data held in the buffer; and

20 wherein the head-end station is arranged to calculate the permitted data
quantity to be specified in the polling message to the optical network unit using at
least one indication of buffer fullness by the optical network unit in combination
with at least one measurement of a permitted quantity of data.

in some PONs, it may prové advantageous to centralise the algorithms for

25 prediction of future ONU capacity requirements at the OLT. This incurs a greater
processing overhead on the OLT, but advantages may accrue from the access that
the OLT has to information from all the ONUs connected to the PON. Rather than
sending requests to the OLT for capacity already calculated using a prediction
algorithm, an ONU may simply supply factual information to the OLT regarding

30 buffer fullness at the time of its upstream transmission slot, for example, and allow
the OLT to perform the calculation of expected capacity requirements using that
information and information made available over previous cycles. Besides
minimising variation in data transmission delay at an ONU, algorithms centralised in

the OLT may enable a PON to recover more quickly from periods of very high



S transmission of data in subsequent cycles, particularly during times of.
high PON utilisation, so increasing the overall efficiency of the PON.
Accor di ng tqwg ﬁgﬁagd aspect of the invention there is provided a

communi cati o rk conprising: 5 a head-end stBET/GHI8/03332 opt i cal
network unit having user equi pnment connected thereto, said optical network
unit being linked to the head-end station by neans of an optical wavegui de
and including a buffer to store data receéved from said user equi pnent;
wherein the head-end station includes control neans arranged to control 10
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cell header and 48 bytes the ATM payload. Preferably, the optical communications
system is arranged to carry ATM traffic.

Whereas a typical local access network PON may be arranged in a “star”
configuration, split into branches connecting, for example, up to 32 ONUs, each

15 located up to 10km downstream from the OLT, the inclusion of optical fibre
amplifiers and repeaters enables a so called “advanced PON” to be created having,
potentially, a very much larger optical split, of the order of thousands of-branches
and with a reach of several hundred kilometres. Ring or other mixed configurations
may also be used in embodiments of the invention.

20 According to a third aspect of the invention there is provided an optical
network unit connected, in use, to a communications network and to user
equipment, the communications network including an optical waveguide having a
head-end station connected thereto, the optical network unit comprising:

buffer means for the storage of data received from the user equipment;

25 means responsive to a polling message, received over said optical
waveguide from the head-end station, being indicative of a quantity of data that
the optical network unit is permitted to send to the head-end station, to transmit
from the buffer means to the head-end station, over said optical waveguide, a
quantity of data less than or equal to the permitted quantity indicated by the

30 polling message; and _

* means to generate a request message indicative of a quantity of data that
the optical network unit intends to send to the head-end station, and to transmit

the reguest message to the head-end station over said optical waveguide;
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know ng the actual buffer fullness of ea % r.at thaq bei ng
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correspond to actiual deuérating,fatthetend-eadl statah, 4 poiing rhéssagpmluﬂhg amged to
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upstream sl ot. AoAiing&hd pbifingefUbE Sver Wiopththl Whldahias; Pyt es are the

{2) on receiving the polling message, the optical network unit identified

therein transmitting to the head-end station, over said optical waveguide, a
quantity of data less than or equal to the permitted quantity indicated by said

15 polling message;

{3) said optical network unit generating a request message indicating a
quantity of data intended for transmission from said optical network unit to the
head-end station, and transmitting the request message to the head-end station
over the optical waveguide;

20 wherein the quantity of data indicated by said request message is
calculated by the optical network unit using at least one measurement of earlier
buffer fullness in combination with at least one indication of a permitted quantity
of data.

Embodiments of the invention will now be described in more detail, by

25 way of example only, with reference to the accompanying drawings in which:

Figure 1 shows the configuration of a typical known local access PON;

Figure 2 shows the parameters of a polling sequence used in preferred
embodiments of the invention;

Referring to Figure 1, a section of a typical known local access PON

30 having a “star” configuration is shown, including an optical waveguide 1, an
optical line termination unit (OLT) 2 connected to the “head-end” of the optical
waveguide 1, a number of optical network units (ON[Js) 3, each connected to the
end of a branch - a “user end” - split from the waveguide 1 by one or more passive

optical splitters 4, two levels of split being shown in Figure 1. ONUs 3 provide an



cell header and 48 bytes the ATM payl oad. Preferably, the optical

communi cations systemis arranged to carry ATMtraffic. \Wereas a typi cal

| ocal accesgygwhik PON may be arranged in a "star” confi uratlon split
i nto branches connecting, for exanple, up to 32 ONUs, eaclk 52 ed up
to 10km downstream fromthe OLT, the inclusion of optical fi bre anplifiers
and repeaters enables a so called "advanced PON to be created having,
potentially, a very nuch larger optical 8plit, of the order of thousands
of - branches and with a reach of several hundred kilonmetres. Ring or other
m xed confi guintariage o theyPQHN o5 user envipntnenh 5eednodeted to ONYE 3 typicaliwiynooren. 20

Accor ding 1O el ESASRGF nelfs. 11 QI SNnbillled BETubal PnBKLAPS 2l Rt cal

network unit connect i n use communi cat i ons network and to user
equi pnent , t heptisghieasiver |eé?f3°9!@9%6‘?k°Km@PHQH'N@VaW’%hMWMGGQWCPé havi ng

a head- end st Abiren 1CANRAGWRAnIVIY Yeparate &aRdthit CaHld MEeWR! batb 18 GRAPSI Si Ng:
buf fer (r}i for the sto f‘? e of data received fromthe user eqw{oment 25
S I

means r esponhsfeseedtiyely WBN respgetioshe Qb T. the teanswy Rt being Foppactedto ey equi de
from t he headomitdl Béatiitter,6 &l thg rédeflie path ¥ Beind canrpatedito ttlye ﬁt'cdaheentdnat t he

Cranen t 11 onfy REPORVEE bR o orldht iaiat 0 PBSTRL i B Briebisnl ca

wavegui de, a braach bt yneofran#atlapéthsﬁs of ttenwavegeigad andab thlqidmnansmtadr qMant ity
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rressage i ndi ca uant ata t e optl cal networ unl t
i nt ends t 01@eMderaeicen bowe\e@@r f@F’mf shantAreviding aeparate tt'iaa?fQ'Fnat‘d rereive pgthss 8

message to t hgnhigastedldintd aidyOsb pr6Qiied 8k And WalEgtlide Vi A8 Qdir{ Gratfic in both
directions simultaneously, the transmitters (6, 11} and receivers (7, 10) being
connected to the same optical fibre, signals of a different wavelength being used in
each direction.

15 _ The OLT 2 of Figure 1 is shown to include a control unit 12, connected to
the OLT’s transmitter 6 and receiver 7, arranged to control access to the shared
capacity of the waveguide 1 by implementing a predetermined protocol for
communication over the waveguide 1 in co-operation with a control..unit 14
installed in each of the ONUs 3. Data received from user equipment 5 are typically

20 assembled into packets by the respective ONU 3, according to a PON-specific
packet structure, and stored in a buffer 13 within that ONU 3 ready for
transmission upstream over the waveguide 1 to the OLT 2 under the control of the
protocol by the OLT 2 and the respective control unit 14 of the ONU 3. For
example, in a local access PON carrying Asynchronous Transfer Mode (ATM)

25 traffic - an “APON” - the data packets are ATM cells of 53 bytes in length,
comprising a 5 byte ATM header followed by a 48 byte ATM payload. In other
types of PON, the OLT 2 and the ONUs 3 may use a different packet structure to
multiplex services.

Preferably, a polled demand assignment protocol may be implemented, by

30 the control unit 12 of the OLT 2 in co-operation with control units 14 of the ONUs
3, in which the OLT 2 cyclically polls each of the ONUs 3 in turn for data to be
transmitted upstream by each ONU 3 in its respective polling slot. During each
polling cycle, known as a “reset cycle”, the control unit 12 arranges, typically, to
poll every connected ONU 3 once, providing the opportunity for the ONU 3 to



7 wherein the optical network unit further 'ic.orrpri ses neans to calculate the
quanti.ty of data to be indicated by said request nessage using at |east one

nmeasur enent Ofycedpbiogr buffer fullness in conmbination with g{, ?9%} P
indication of a permtted quantity of data. 5 Accor di hg ourth

aspect of the invention there is provided a nethod of transferring data
bet ween a head-end station and an optical network unit, connected together
by an optical waveguide, conprising the stébs of: (1) generating, at the
head-end station, a polling nessage including the identity of an optical
networ k unit antrassmit pdieonitied mugberofoimm backetso fATd4 tellst florexaninde, Wpstream to
identified optigalof n@EWnﬁQuﬁer i3 permtted to send to the head-end
station, and transmttin 1T ng message over the optical wavegui de;
(2) on receiving theR?SQH"PQr'Fg 8a4jed spiiRs efpinterastionstheswrenthe OLfcandi 4 ed

therein transm phkiBGlal ONWEs GRANENE HaRt bQr WKRTa St%néaloﬂ’érﬁé}@ a¥rcEnat de,
a quantity of data less than or equal to the permtted é]uantlt I ndi cat ed

by said 15 pdl Plotgealevengaumpey)of pgl,}gpg (repat) exetesn AL aRst €Y ﬁPFQ'EﬁaWéP e QT a
request nmessage sertiiig: 3t ianFolfing] HtBEdgk YtoOthedONB inBlugiRgesh indicatidrnBf Peffitted
o e O g B ke L b o, R0 S0 b PR B8
wherein the quamspbtyseon‘o tthat;mllmgdmasaagad- dxsighed db then)ONU forethstaigeeti cycle. The
e oo Y, B AR SRt trd 8550 BB 7 O 0
pernitted qua@t nlpg/peyfmt@a:t guantity, accompamed by a message including a request to the OLT
to grant permission for the ONU to transmit a particular quantity of data during the
next reset cycle. For example, in Figure 2, RESET CYCLE N begins with the OLT
sending a polling message addressing the particular ONU, including an indication
that the ONU may respond by transmitting a maximum permitted quantity of data
15 P, to the OLT during that reset cycle. The quantity of data P, is determined by the
control unit 12 of the OLT according to an upstream capacity assignment schedule
maintained for the PON by the control unit 12, defining the upstream capacity to
be assigned to each ONU during each reset cycle. in constructing the assignment
schedule, the OLT takes account of demand for access by others ONUs connected
20 to the PON and of a need to ensure fair access to PON capacity among ONUs and
among the different service types being transported by the PON.

On receipt of the polling message from the OLT, the ONU transmits, from
its buffer 13 via transmitter 11 under the control of its control unit 14, a quantity
of data S, to the OLT where Sy = Py. Accompanying the transmitted data, the ONU

25 sends a request message to the OLT including an indication of a quantity of data
'Ry that the ONU seeks permission to transmit to the OLT during the next reset
cycle, RESET CYCLE N+ 1. On receipt by the control unit 12 of the OLT, the
request for capacity Ry by the ONU is assessed in the light of capacity requests by
other ONUs, and the resultant assignment, in this example Py.,, is entered into the

30 assignment schedule for the next reset cycle, RESET CYCLE N+ 1.

Immediately prior to upstream transmission during RESET CYCLE N, the
buffer fullness in the ONU is indicated in BOX 20 of Figure 2 as By. At the
moment immediately following upstream transmission by the ONU, the buffer

fullness is indicated in BOX 21 as By*, representing the quantity of data delayed in



Enbodi nents of the invention will now be described in nore detail, -by 25.
way of exanple only, with reference to the acconpanying draw ngs in which:
Figure 1 sh%!,%%%lconfiguration of a typical known |ocal access PON
Figure 2 shows the parameters of a polling sequence used iRCTFRIBERELd
enbodi nents of the invention; Referring to Figure 1, a section of a typical
known | ocal access PON 30 having a 'star" configuration is shown,

i ncluding an optical waveguide 1, an optial line termnation unit (OLT) 2
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fuliness at that time, the ONU transmits al} the data actually awaiting transmission
in the buffer. It then follows that the quantity of data being delayed in the buffer
after upstream transmission during RESET CYCLE N is
B; =By ‘S;\' .
15 Z By =Py ciirirrriinenicnsiensr e e e seaar e sserenene weee (2)

The ONU may therefore note the buffer fullness at particular tim_éé; - in the
example of Figure 2, immediately before and immediately after ngstream
transmission - and from this information deduce from formula (1) above the
quantity of data arriving at the buffer during each reset cycle. Further, to ena_ble a

20 pre-emptive prediction to be made of the likely requirement for upstream capacity
during the next reset cycle, the permitted capacity assigned for at least the current
reset cycle may be used to ensure that the quantity of delayed data is known,
from formula {2), at the time of making the pre-emptive prediction. Thus,
embodiments of the invention may use a knowledge of both buffer fuliness and

25 permitted upstream capacity over one or more reset cycles to make a prediction of
future buffer fullness, prior to upstream transmission, and hence_ to make
appropriate pre-emptive requests for upstream capacity.

In conventional PONs, a request for upstream capacity is based solely on
the quantity of data held in the ONU’s buffer immediately prior fo assembling and

30 transmitting the request message to the OLT. Thus, for example in Figure 2, the
quantity of data indicated by the request message sent during RESET CYCLE N
would be Ry = By under a conventional scheme. However, a conventional scheme

suffers the disadvantage that no account is taken of the actual upstream capacity



single, optical fibre may be provi ded as the wavegui de 1 tocarry traffic in
both directions sinultaneously, the transm-tters (6, 11) and recei vers (7,

10) bei ng conw@Whgshet © the same optical fibre, signals of a
wavel engt h bel ng used in each direction. 15 The OLT ﬂ;éé gure lis

shown to include a control unit 12, connected to the OLT's transmtter 6
and receiver 7, arranged to control access to the shared capacity of the
wavegui de 1 by inplementing:a predeterm net protocol: for communi cation over
the waveguide 1 in co-operation with a control-unit 14 installed in each of
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OLT 2 cyclically po I's” each urn
transmtted t@swelamabylgaaemmrgpswqm sapagitypect i ve polling slot. During

each polling cycle, KQQWhiRs @ ehBoG@merisClof” thet IeRBdH, " Psted@i b Iréquilstirg'ges.
typically, to poll every connected ONU 3 once, providing the opportunity
for .the ONU 3 t ypstream capacity using only the latest buffer fuliness, theé control unit 14 of an

ONU may be modified to perform a pre-emptive calcuiation to predict the likely

buffer fuilness during the next reset cycle and to request upstream capacity, Ry for
15 example, based upon the result of that calculation. Such a calculation may be

based upon any combination of one or more readings of buffer fullness and of

permitted ubstream capacity. If readings from earlier reset cycles are to be used in

a calculation, the control unit 14 of the ONU may be arranged to store as many

earlier readings as necessary, for example in memory as a rolling record of readings
20 from the preceding x reset cycles.

By way of exampie, some simple formulae for use by embodiments of the
invention in pre-emptive calculations will now be discussed using the terms
i_ntroduced by Figure 2. For example, the control unit 14 of an ONU 3 in a preferred
embodiment may perform a calculation during RESET CYCLE N to predict that by

25 the time its poliing slot arrives during the next reset cycle, N+ 1, the buffer 13 will
contain a quantity of data equal to the latest buffer fullness B, at the instant
before transmitting data to the OLT 2, plus the difference between that buffer
fullness and the quantity of data P, that the ONU 3 is permitted to transmit during
the current reset cycle N. Therefore the control unit 14 assembles a request

30 message requesting a quantity R, of upstream capacity where

Ry = B3+ By = Py eoeeeeeeenscsnsessssseessessesssssssssssssssssneses ceereneaenereses (3)

subject to a minimum request of zero upstream capacity.



9 transmt a permtted nunber of data packets, ATMcells for exanpl.e,
upstreamto the OLT 2 fromits buffer 13. Referring to Figure 2, a series
of interact |vg§|§%z§%dvmen the OLT and a particular ONU is shown, as nay occur
with a typic nd assignment 5 protocol, over a nunberPCIfGRI§PI22hg
(reset) cycles. Areset cycle begins with the OLT sending of a polling
nmessage to the ONU including an indication of permtted upstream capacity -
the quantity of data that the ONU may tragsmit to the OLT in response to
the polling nmessage - assigned to that ONU for that reset cycle. The ONU

responds by transm téinuth @) feaiiks the Ké‘ina\datr%f e ddnerolbnlt 1£56a &Mnﬁ'&naﬁqua'

to 10 the per uantity, anj ed a nessage including a request
to the QLT o WNSFR e arrauicy h A GrERbBRerH 1 PERCAH Lot oot FaregPapnd
guantity of dahecorent mgffbhmnmxtanu teede df WatLtrarfsatisstonadgdyelfrom Fdringla (2} 2,
RESET CYCLE N ndj n |l ddres |ng t he
particul ar 613‘399[% nfhe‘é‘ébserv%ﬁ%: nd L(?g?sl %Jﬁj e‘? ﬁoafr%qﬁteswiﬁ'ﬁ?sgssb na %fs
transmtting cadivesoeny mllperrnmqsecb gpstreaim sapaéityd bor ethiﬁextPHSthpvphe F@m:llajuri ng
that reset cygqhfmg h@egmnaédt Yo Qbe, ddHethalibbly sthqe.to%aﬂm@g@wraunﬁeocmﬂtﬁeol uni t
12 of the O.T accor Ing to an upstream capacity asSignment sc

mai nt ai ned f ornepigst ogpgepyof those Phseryed differences %@Wﬁhpvﬁg 3 Feauspes Pbahn

capacity to bgyrgmaingeesect @yQas; fathblihshiinat\ef SR theIQ8S refat Gy &le N| Bo that:
constructing the assi gnrrent schedul e, the OLT takes account of demand for

access by others ONgs cgnnegd 2050 t fye PEN and of a need to ensype fair
access to PON capaci t'y a}m ~aRong the Al fferent SEr Vi ¢e types
bei ng transported by the PC]\I On receipt of the polling nmessage fromthe
OLT, the ONG tWhere D{} FeRfesents a function to round the quantity resulting from the

calculation within the bracket to the nearest integer value.

Formula {4) has the effect of “smoothing” the adjustment to the latest
buffer fullness from one reset cycle to the next by taking account of a history of
delays rather than just the latest delay. This can heip to reduce data delay variation

15 compared with Formula {3) in which an immediate and full adjustment is made to
compensate for an observed delay which may, predictably, either not: be fully
necessary or may indeed be inadequate given the average delay over the preceding
reset cycles. The requested capacity of Formula (4) is again subject to a minimum
request of zero, although the portion of the formula in the brackets {} may be

20 negative.

Alternatively, predictive calculations may take account of the rate at
which data arrives in the ONU buffer 13 over one or more reset cycles, and any
variation in that rate. By Formula (1) above, data arrival rate may be deduced from
the difference between the latest buffer fullness and that immediately following

25 the preceding data transmission. By observing the way in which data arrival rate
changes over a sequence of reset cycles, a prediction of data arrival rate for the
next reset cycle may be made by adjusting the latest observed data arrival rate by
a predictable amount. Thus, the change in buffer fullness up to the moment of the
next upstream data transmission may be predicted. For example, in the simplest

30 case, the control unit 14 may predict that the same quantity of data will arrive at
the buffer 13 (adding to any delayed data) during the next reset cycle N+1, so

that a request may be made for upstream capacity according to the formula



its, butfer 23 via transmtter 11 under the control of its control unit 14,
a quantity of data SN to the OLT where SN = PN. Acconpanyi ng the
transmtted dgiRdendBf ONU 25 sends a request nessage to the QLT including
an indication of a quantity of data RN that the ONU seeks p&H{E¥B8H# o
transmt to the OLT during the next reset cycle, RESET CYCLE N+1. On
receipt by the control unit 12 of the OLT, the request for capacity RN by
the ONU is assessed in the light of capacii8y requests by other ONUs, and
the resultant assignnment, in this exanple PN+11 is entered into the 30
assi gnnment schedul e f@vr,__tglgq.,m\ext reset cycle, RESET CYCLE N + 1.

| medi ately prior to upstieamtransm ssion during RESET CYCLE N, the buffer
full ness in the ONU iThisimail bapxatedsad BOerme ob bufiferfyliness apd ppmpittedhcanagisy,
noment i nredi atg) gornQlab §¥Y 44 (BPRET €am transni ssion by the ONU, the buffer
fullness is indicated in BOX 21 as BN+, representing the quantity of data
del ayed in 10 t he RNe28y bllifier Punt-i-d--t-he--next..r.8884 - y6l-@uFr.om-+ HR)

nonment i mediately after the transmtted data to e T.durin he
previ ous res£ cycle® 'ﬂﬁ?ﬁ"&%{%ﬁr qi,’“%ﬁ‘b&ﬂ?@ aﬁB’ﬁ%’ﬂ?“t‘P%‘m“%’i%%%‘%ﬁeé’r to
upst r eam t r ans némpitbe cldange g arriia ratersirentthepretalingRESHECYOE®-E 99 that quant ity
of data AN arrived in,th ,O\I%J 5 bug er from connected user equi pnent, where
[err] It is assuned iy Thws ‘X"éﬁpl— Mhat no data arrives in the ONU buffer
during the shorhich BecoMed) b &bndide PEbMD(2Y,r ansmtted fromthe ONU to the
OLT. It is also assuned that the ONU transmts the nmaximum permtted
quantity of data to t#"e‘—':;B;, —2.8;_1—3'\.44'3;_!—})'\. .................................................. (6)

10 subject to a minimum request of zero.

A further level of smoothing to the adjustment in data arrival rate may be
made by taking the average difference in data arrival rate over the latest x reset

cycles, so that

Ry=BL+d,+ ROUND{%Z::N_M(A, -4, )} ....... vereresnsasessesannnen (7)

15 which, by Formulae (1) and (2) may be expressed entirely in terms of buffer
fullness and permitted data quantity.

More complex formulae may be implemented to predict the quantity of

data likely to be awaiting transmission from the ONU’s buffer 13 to the OLT 2 at

the time of the next upstream data transmission opportunity. For example, a

20 statistical model of buffer fullness may be developed over a sequence of reset

cycles, the model being constantly updated as new measures or indications of
buffer fullness and assigned upstream capacity are observed.

Preferably, in another arrangement, the calculation of future capacity

requirement of an ONU may be performed by the control unit 12 of the OLT 2

25 itself, using information supplied by the ONU regarding its buffer fullness at one or

more particular moments during the latest reset cycle, rather than by the control

- unit 14 of the ONU 3 itself. In such an arrangement, the information supplied by an

ONU in the so called “request message” may, instead of being a request for

capacity, R, for example during RESET CYCLE N, simply comprise factual

30 information as to, for example, the latest buffer fullness By of that ONU 3. The

control unit 12 of the OLT 2 may then employ a suitable calculation algorithm,

using formulae adapted from Formulae (1) to (6} for example, arranged to



10 OLT when the opportunity arises or, if the permtted quantity exceeds.

the buffer fullness at-that tine, the ONU transnmits all the data actually

awaiting tr 1.55),0n in the buffer. It then follows that the quantity of
g dam o

dat a being in the buffer after upstream transni ssi¥F/GRIZPREY RESET

CYCLE Nis [err] The ONU may therefore note the buffer fullness at
particular tines - in the exanple of Figure 2, imedi ately before and

i medi ately after upstreamtransm ssion t4and fromthis information deduce
fromfornula (1) above the quantity of data arriving at the buffer during
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may be transmitted by the ONU during RESET CYCLE N+ 1.
In certain circumstances, prediction of future upstream data capacity
'15 requirements of ONUs by the OLT 2 may lead to more efficient PON utilisation
than if prediction calculations were devolved to the ONUs. This may be the case,
in particular, at times of heavy PON loading when the OLT may advantageously be
able to take account of the effect, on overall PON efficiency and quality of service,
of imposing ceilings in the permitted capacity to particular ONUs. Through
20 optimising an upstream capacity assignment schedule, as maintained by the
control unit 12 of the OLT 2, using all the information available, the contro! unit 12
of the OLT 2 may be able to maximise the rate of recovery from a period of heavy
démand, minimising delay in data transmission and in delay variation between reset
cycles for all the ONUs in the PON, maximising quality of service as the demand
25 for capacity subsides.

However, under certain circumstances, it may be advantageous to devolve
some of the processing overhead associated with operation of the PON protocol
from the control unit 12 of the OLT 2 to the control units 14 of the ONUs 3. In
particular, processing associated with predictor algorithms may be borne by ONUs

30 where the principal use of the PON is as an asymmetric data transport, for
example as used for “video on demand” applications. Such applications may place
lower demands on the OLT 2 in the upstream direction, the main loading being in
the downstream delivery of the replay data from the seiected video recordings. In

such applications the OLT 2 may be best suited as the location for predictor



" assjgned to-the ONU for the next reset cyclé when requesting future
upstream capacity. If there were to be a shortfall in the permtted
upstream capagigeépseyprared to that requested, e.g. [err], tI;%nr st
~ based only upon the th est buffer fullness, BN- in this exa é&g&@%ﬁgg not

- allow the ONU to pre-enpt the 5 effect of the shortfall and to take action
to mnimse future data transm ssion delay or delay variation. Further,
under a conventional schene, because singul®@r neasures of the |atest buffer
full ness convey little information about trends of increasing or decreasing
rate of arri val algérittims mcéerdmg co amecdiments of theciguérpionntoweaver Ghhere dighapeatb| e
to pre-enpt a p i i e r _ge i i Lat.

when making a ré%geag%) o@nig‘g{hr gﬁ%b@arﬁgcﬁétgéé%gt%? ﬂ?ﬁg& tg %gt%é@oalf%%ﬁ?;apeof
the invention, rompesing b vesiisest caRpCUpSWite agAnstaphdpwy bitstatry veisey serviges
latest buffer fphdRGRs withlhe qGsM) 0Pl sekiie! cdrfbtrint2NthENSLITBY nfa :sengarfﬁbadwo
performa pre-enptive calculation to predict the |ikely buffer tullness

during the nekt heavileilogded) v MAPtRIRING ceRTEOL ONPs CRRAS Y cAlPsetiany, andy apgigning
exanpl e, based upbpriafe prigsty! fo BémirdtRt fréidl BNACkRfing Jifdtert Seilicd! tpldsOM MaY
be based upon any conbi nati on of one or oy e readi ngs of b ffﬁr ful | ness
and of per ni tt e84 PPIERHONSA A (AGVolysment Jif TR RFOSRPIRG r PYeHieafiy oy ORS) e
are to be used bperatichadfqitbdittooalgorithms ¢arndxa@bleUimal offér sfmd ddvafddgestay be
arranged to store as n arlier. readi ngs ,as necessar for ex le N
menory as a rolling rg@’o%ﬂﬁc')? tg?eeg%‘?vﬁgésjes ef’r%‘ﬁ'%‘%"ﬁ‘ée"%’? é%éea?rﬁamg'('c%@gﬁmks
cycles. By w8y obémprisenpptical Homee othienpmbodioems| inewhioh bhothe obtjcab dibred amdk nther of
the invention i 1 [ cal ' bl [ i he
terms introduce "%ﬁﬁ%ﬁ%’e%“ %o{c’%éladr?plgE?H\Af%emgggﬁéigﬁﬂuﬁi&ﬁﬁgg@ﬁq&u 3
in a preferred estsfik-ment may perform a cal cul ati on during RESET CYCLE N to
predi ct that by



25 the tine its polling slot arrives during the next reset cycle, -N+ 1, .
the buffer 13 will contain a quantity of data equal to the |atest buffer
full ness BNW@/)B{]}? i nstant before transmtting data to the OLT 2, plus the
di fference between that buffer fullness and the quantity SFT{FBIISEN t hat
the ONU 3 is permtted to transmt during the current reset cycle N
Therefore the control unit 14 assenbles a request 30 nessage requesting a
guantity RN of upstream capacity where [Hr] subject to a m ninmum request

1

of zero upstream capacity. 12 Formula (3) nodifies the behaviour of the
control unit 14 of a conventional ONU CialmMske account of differences

between the permtted upstream capacity and the current buffer fullness and
hence of data transm ssion delay (from Fornula (2) above). The observed
difference is added to the |atest buffer full ness by way of an 5 adjustnent

when requesti Ry upq&Eﬁ?mhﬁggﬁgﬁbxwhﬁﬁc&hﬁF xt reset cycle. Formula (3) may
a |

be extended to use, ernatively, ero ng average (rounded to the
nearest int®ger) of2hepdpedgirsiepved di fferences (del ays) over a sequence of

the preceding x resgf oieai BEworiluRR 'halidg sk 8GuistheNédhnb&ted |tRdreidt shigset
cycle N, so that: Lerr 10, wher g, ROUNQ% represents % functign to round the
quantity resuPP¥gihne Uit beigg dipked toothe feadiend station by (peansof apipticalar est

i nt eger val uewakéguiael dnd(idgludivitsa bilitterad kwed dfté recaived Froimngid dsaeedquiimigt;TENt toO

the | atest buffer fullnes romone reset cle to the next t aki ng
account of a hi st Or\yh%?m ﬂS\e fhe:—n ~en sta{mn mclugé/s contro? means arrange9¥o contrcﬂ

10 the transmission of data by the optical network unit to the head-end station over
said waveguide, said control means being responsive, on receipt of a request
message transmitted by the optical network unit indicative of the quantity of data
intended to be sent therefrom, to transmit to the optical network unit a polling
message including an indication of the quantity of data that the optical network

156 unit is permitted to send to the head-end station;

wherein the optical network unit includes means responsive, on receipt of
the polling message, to transmit, from the buffer to the head-end station over said
waveguide, a quantity of data less than or equal to the permitted .quantity
indicated by said polling messagé, and

20 wherein the optical network unit is arranged to calculate the data quantity
to be specified in the request message to the head-end station using at least one
measurement of buffer fullness in combination with at least one indication of a

permitted quantity of data.

25 2. A communications network comprising:
a head-end station;
an optical network unit having user equipment connected thereto, said
optical network unit being linked to the head-end station by means of an optical
waveguide and including a buffer to store data received from said user equipment;
30 wherein the head-end station includes control means arranged to control
the transmission of data by the optical network unit to the head-end station over
said waveguide, said contral means being arranged to transmit to the optical
network unit a polling message including an indication of the quantity of data that

the optical network unit is permitted to send to the head-end station;

_

M [ :
[



del ays-.rather than just the |latest delay. This can help to reduce data

del ay -variation 15 conpared with Formula (3) in which an i nmedi ate and
full adjust mregigdepsspde to conpensate for an observed del ay %bs%?ﬁ
predi ctably, either not; be fully necessary or may indeed be 1na equa?e

gi ven the average del ay over the preceding reset cycles. The requested
capacity of Formula (4) is again subject t101)a m ni mum r equest of zero,

al t hough the portion of the formula in th racket.s {} nmay be 20 negative.
Al ternatively, predictive calcu]ations may take account of the rate at
which data arrives i vherRin gaPRsiGalnetwark "(Wé‘?c"&?é or more reset cycles, and

any variation in thatmdaat eespBysnFe)mub@u{tJo} tﬁ/éﬂwmxg rﬂ@és&gé}l’té ithaAdmit, Ftein By be
deduced fromthe differe

t h t b d, t hat
mmod at el y 1ol PR A SHCPooErign SR ARSI A 1ot prvarih of B9 BRAPOT Ry« ne
way in which datquabtorthe permittbe qodraitg ingicated by saisiquplling aeassdge; emdat cycles, a

predi ction ofgdata arfdyal,r ggetngragor %stagéf”f&r {r?r?sg%lss?é’nclcoeg@ﬁ %‘9 n@aggtlé?{

adj usting the | at est observe a arriv e anoun
Thus, the changedlcntl\mﬁffaequahmvlq‘febsahq!dtruheheffwora@t of t he next upstream

data transm ssion melﬁé‘?e-Prtﬁg'h‘ééerw ftgf]or??gamnﬁed k& chibfia 't’FiQ'p%ﬁ%tﬁ% datdS€,

the control unit 14 may predi ct that e sane quantity o arrive
at the buffer 18ugnibiionke sReciling "umeagpé!mgmaagederthﬁgpv%nmk PRIt HSING 9t | e

N+1, so t hat a fe8&tUSHS! mHBHﬂd?ﬁoﬂ&ﬁ%rfoﬁneHQ% R B EAHP Aetviork ARk Oh ComBinktort he

forrrul a err] This be expressed in terns of buffer full ness and
pernitted Cabqslc a least onem asurement of a permitted quantity of data.

3. A communications network as in Claim 1 or Claim 2, wherein the optical
network unit is arranged to assemble data for transmission to the head-end station,
and the head-end station is arranged to receive such data, as data packets

15 assembled according to a predetermined packet structure.

4, A communications network as in Claim 1,2 or 3, wherein data transmitted
by the optical network unit to the head-end station is multiplexed according to a
time division multiple access (TDMA) protocol.
20
5. A communications network as in Claim 1 wherein said at least one
measurement of buffer fullness and said at least one indication of a permitted
quantity of data are selected to enable the ONU to calculate a quantity of data to
be delayed in the buffer as a result of transmission of data to the head-end station
25 and to include said calculated quantity of delayed data in the calculation of the

data quantity to be specified in the request message.

6. A communications network as in Claim 1 wherein said at least one
measurement of buffer fullness and said at least one indication of a permitted
30 quantity of data are selected to enable the ONU to calculate a quantity of data
received from said user equipment and to include said calculated quantity of
received data in the calculation of the data guantity to be specified in the request

message.
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by Fornmulae (1) and (2), as [err] 5 A nore conplex fornmula my neke
an adjustnent to the arrival rate based upon the change in arrival rate ° '
since the pr@&g@& reset cycle N-1, so that [err] which becones, by

Fornmul ae (1) an j?%) [err] 10 subject to a m ni num requestCHEBBOIS A
further |evel of snoothing to the adjustnent in data arrival rate may be
made by taking the average difference in data arrival rate over the | atest

X reset cycles, so that [err] 15 which, 18y Fornulae (1) and (2) may be
expressed entirely in terns of buffer fullness and permtted data quantity.
Mor e conpl ex f&r mul Ae optigal betwonipurdtresninected,on pse do etcotmimanigations neywark dat a

i kely o be ayght Lad iR B A ABbAE ANty adhchp the OLT 2 at

the tinme of the ne transm ssi on opport r exanple, a
20 stati sti cavaveseide hayinda heasrent skation sonnegiedrbergto, sheopriigalonetwork usisquence
of reset cycl gympliig:"0del being constantly updated as new neasures or

I ndi cations _of buffer fullness and assi gned upstream capacity are observed.
Pref erably, 8 n anot Riferdpgans s hs, storagn oF dafp cefelied Sionptherusern gavipmentici t y

requi rement of an OMdanewesgisivelid 0pBMay Mgsdabe réeeMeddUvet'shid optitaPf the OLT 2

20, hLS2l Ty Ul Py REAEVRPAED, Riod BcEY disobsb il T
rat her than byhé bpticabndtvotk wiit is pdefnittéd tohen®idttz Hebd-ehd station, 2o elanamit
arrangenent, tfltb?n H&qumme% B4hE Lléa%genlaystéatﬁn, over said optical waveguide, a
10 quantity of data less than or equal to the permitted quantity indicated by the
polling message; and
means to generate a request message indicative of a quantity of data that
the optical netwaork unit intends to send to the head-end station, and to transmit
the request message to the head-end station over said optical waveguide;
15 wherein the optical network unit further comprises means to calculate the
quantity of data to be indicated by said request message using at {east one
measurement of buffer fuliness in combination with at least one indication of a

permitted quantity of data.

20 8. A method of transferring data between a head-end station and an optical
network unit, connected together by an optical waveguide, comprising the steps
of:

{1) generating, at the head-end station, a polling message including the
identity of an optical network unit and an indication of a quantity of data that the

25 identified optical network unit is permitted to send to the head-end station, and
transmitting the polling message over the optical waveguide;

{2) on receiving the polling message, the optical network unit identified
therein transmitting to the head-end station, over said optical waveguide, a
quantity of data less than or equal to the _permitted quantity indicated by said

30 poliing message;

(3) said optical network unit generating a request message indicating a
quantity of data intended for transmission from said optical network unit to the
head-end station, and transmitting the request message to the head-end station

over the optical waveguide;
_—
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- ONU.in.the so called 'request nessage’ nay, instead of being a request for
- capaci.ty, RN for exanple during RESET CYCLE N, sinply conprise factua

i nformati on agoldpsrhpr exanple, the latest buffer fullness %ETR&IB9%I
3. The control unit 12 of the OLT 2 nmay then enploy a suitablé ca atlon
al gorithm wusing formul ae adapted from Fornulae (1) to (6) for exanple
arranged to 14 determ ne the pernltted quantity of data to be specified
in the next polling message.to the respect'®ve ONU-3...The OLT 2 al r eady
possesses information about previous pernmtted data quantities in respect
~of a particular ONU. Whatsiethd auantity of diteiindicat¢chbyc enid restiestanesapgeis i nf or mati on-

transmtted by c.Ian:ﬁratMyI 1he Whakal IblWork LURIY A4 BOiehdtDnb WidaStiretdht dtdafrer MBY be
used to predict the ONUs future upstreamcapacity requirements and hence

the quantity offuﬂfﬁﬁm@mmmt'eamwﬂmt prsdndigetiqn ¢f P RREDEIRYuRRtitY RE dasu, For
. exanmple, Formula (3) may be adapted for use by the control unit 12 of the
OLT 2 so that, follow ng recei pt of a nessage froman ONU during RESET
CYCLE N indicating that the latest ONU buffer fullness is BN-, the 10 OLT 2
: may respond by sending a polling nessage to the ONU specifying that the
permtted data quantity [err] may be transmtted by the ONU during RESET
CYCLE N+ 1. In certain circunstances, prediction of future upstreamdata
capacity 15 requirenents of ONUs by the OLT 2 may lead to nore efficient
PON utilisation than if prediction calculations were devolved to the ONUs.
Thi s -may be the case,
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in particular, at tinmes of heavy PON | oadi ng when the OLT may
advant ageously be able to take account of the effect, on overall PON
efficiency and quality of service, of inposing ceilings in the permtted
capacity to NEQ@®¥W23Miar ONUs. Through 20 optinmi sing an upst pemcBISHBEACI t Y
assi gnment schedul e, as mai ntai ned by ¥8e control unit 12 of the OLT 2,
using all the information guailable, the control unit 12 of the OLT 2 may
be able to maxim se the r of recovery froma period of heavy demand,
mnimsing d@lay in data t ission and in delay vdriation between reset
cycles for akl the ONUs injthe PON, maxi m sing quality of rvice as the
city subsi des®® However, under certai nst ances, it
d associ at ed
rotocol fromthe contraol .unit 1P of the OLT 2 to
ONUs 3. I n particular, processfing associ ated
may be borne by ONUs 30 where tHe principal use
of the PON is as an\asymgtric daga transport, for exanpl ¢ as used for
"video on demand" apRl i\catfi onsjch applications may plate | ower demands

I

wi th operation O _
the control units\l4 qh th

on the OLT 2 ig tie_UpS iregtion, the nmai | ofiding n the
downst r eam deli-'very:)f the fnep data fromthe gel foid vaeylep [ecordi ngs.

I n such appli cét\;it t he-G may‘_bé best suite asge i pn for
pr edi ct or &5 W acdordiwg to enbodi nen t ilnvehti on.
However, wher¥ hi dh spegc atabi‘py'i cations with vali apt Hat a

transfers in t\TTequs_ bgaml_dij_f ron are conpeting for Lgs|fgam capacity
wi th constant | owjbi tle_Moij{ce services
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opetati.ng within quality of service constraints, the OLT 2 may be
particularly 5 heavily | oaded in maintaining control over capacity
al | ocati ons aweh998$EPNi Ng appropriate priority to demands fr@qn,(%y%ug
carrying different service types. |In sggh applications, any devolvenent in
- the processing overheads to ONUs, operation of predictor algorithns for
exanpl e, may offer sone advantages. Althosgh in the above descri bed
enbodi ments the conmunications |inks 10 cenprise tical fibre, other
enbodi ments in which both optical fibre amd othe s+ €t -+treth gg-such as
copper pairs and coaxial cable may al so be in i A=t hte net woy k.
CLAI M5 1. A communi cati ons network c ising: § % a head-end
station; an optical network unit hayj user equi pmenmzcannect ed: thereto,
said optical network unit bein riked to the head-emdgrstation by neans of
an optical waveguide and i dingta buffer to store data received from
sai d user equipnent; ein the E;E.\d-end station includes contrQ‘lP nmeans
arranged to-eeptrol- & the transm ssion of data by the f net wor k uni t
to the head-eng st at er sai.d wavegui de, said control nmeans<fei ng
responsi ve, on'receipt of a uest nessage transmitted by the optical
network unit indicative of the tity of data intended to Hg sent
therefrom tqutransmt to the gptica twork unit a pol|ing ssage
i ncl udi ng an s¥ndi cation of the quegtity O ata that the’ogu)ggl rnetwork 15
unit is perms$kted to send to the head-end statll '
o e r I---
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herein the opti cal netvvork um t ~'fnci udes' 'r'réén$ [ esponsi ve, ‘Qn recei pt of
the: pol i ng wesa3®1 to tfansmt ¢ from the ‘buf fer: t'o;:t he head- pPOTVGEBOS03I209N.-..

over sai d wavegui de,

guantity. indicated by said polling nessage, and 20 wherein -t he
optical network unit is arranged to calcul ate the data quantity to be
specified in the request nessage to the heal-end station using at | east one
measur enent of buffer fullness in conbination with at | east one indicatio
gh‘tegn

of a 25" 2.

networ k unit bei

be Aootpieshibyatheopentralised LT saber Sy that ReawcleReing HEtr

opti cal net\/\or;ﬁ“&ggsltt E\ﬁé\ngs user equi pnment connected thereto, said optical
n in to

the head-end station by neans of an optical

wavegui de and i ncl udTyrjcalivo MAGrprotpostsoinenlernent FwedNFBdYPRS@f s@ngol eaficy in

equi pnent ;

arranged to con

i ndi cati on of

.2 PC%XW%%%' adiflPidIGRE ugggeéﬁwat‘iér%@er' mamep%cﬁ%tﬁeﬂn e ONU

m ssi on of

t he network unit a polling nmessage including an
PH& d@@h of data that the optical network unit is

"pernmitted to send tother héh:ddase‘:gshnht palicy a stationklincetion toth@aomit\c'a;l made at

networ k unit
to transm t,

cI udes

a quant |fty of dat'a | ess‘than' of equal* ‘to ‘the permtted

he optical network unit to

t he head-end stcﬁthe)lﬁ)LEfver ”Elaedj Aﬁaxgamﬁnﬂe;andalwnbmﬁ’t fasignmant brsedguren 2L

d
~to transmit to

| ,
FRo ol B8 T8 YRERoRD QG 2o R S, ryADeF T B8

Stat1on over wave

quantity of datpﬁcllﬁﬁ&néshaﬁ arntefwalthtaoombetopﬂfamn.ﬂ'e@boquammy ONwl's:aianSbwy
said polli n%; (4] rr%?risvae efor 6tlra(?'xs‘ier of its upstream data. in some time slots, not all the allocated
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capacity may be used by the ONU, while in others the ONU may have more:

packets in its buffer than the allocation will allow 1o be transmitted in that cycle,

leading to packet delay. A demand assignment policy, on the other hand, allows*:

the allocation of capacity to ONUs to vary according to demand, making more.
efficient use of the PON, <O7

A number of protocols have been d veloped incorporating the demand :

assignment policy, or variations on the theme/ For example, with a polied plpehne

protocol, demand for capacity by ONUs may be determined by the OLT by means:

of a process in which each ONU is polled in turn by the OLT for a specified
maximum number of upstream data packets, the ONU including with any,

transferred data a message requesting that a specified number of data packets of

upstream capacity be reserved for its next upstream slot during the next poliing: .

cycle. The capacity requested by the ONU is typically equal to the number of
packets awaiting transmission in the ONU’s buffer. Alternatively, the ONUs may
send reservation messages to the OLT to increase or decrease capacity assigned,
as and when required. In either case, the OLT makes a reservation. for that ONU in
an overall .assignment schedule for the PON based upon the requested capacity,
although allocations of capacity to a particuiar ONU by the OLT may' be subject to
_ceilings during periods of heavy demand for capacity to ensure fair allocation
across ONUs angd to ensure that appropriate priority is given, for example, to low
bit rate telephony services. In such circumstances, data packets can be delayed if
they arrive in the ONU’s buffer between the time of the last request for capacity
by the ONU and the time of the ONU’s next upstream slot. There are then more
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5 means to enerate a rressage foF xtransm ssion to. the head- end
station mdﬁ@%’?@%’gbf a qqant1 ty of data hel din the buffer; Qﬂ’tﬁk‘[@bﬁ‘/@hﬂ

t he head-end station is ar‘ranged to caleulate ‘the . peraittéd data quantity
to be specified in the polling nessage to the optical network unit using at
| east one indication of buffer fullness by . the optical network unit in
conbination [err] 10 wth at least one [err]of a permtted quantity of
data. 3., A communi cations network as in Caim1 or Claim2, wherein the
optical network unit is arranged to asserf@M$ta/for transmission to the
head-end station, and the head-end station is arranged to receive such
-data/ as data packets 1 5 assenbled according to a predeterm ned packet
“stru, 4. A communi cations network as in Caim1,2 or 3, wherein data

transmtted: by, the nwohﬁﬁj,mégqto\p@rnlétwg;ktcgnqprfs}}% head-end station is
mul ti pl exed accord| %Pto a, time division multiple access (TDVA) protocol .

+ 20 5. AScomuni ¢ F%E“%é’t%ﬁk as in daim 1 wherein said at |east one
- measurenent of buffegnf e | I t ti
n Toptitalchswi i fafthy | 225 leclBfnd PUGALLAN Blerdle  said

- pernmtted, quantltg of data are selected t® enabi
“quantity of daPRiigabNBBVEFK| ynfelieina linked aftherhead- eadrseam:blt b@fméir&nsﬁhﬁ&lp@nﬁabf

data to the he gé]ﬁld 0 i.n IcuI uantlt of
del ayed data |ﬁgt’he Ci%nir{ljfngﬁdo aﬁmﬁ}m 3 gteé%gn 'Ve (SC""b"és B?ﬁr qé'ﬂ’m t he

request massage 6. wherem therhead- erad stnidnnietivdek camrolnmaa@s Biradged € @bhtrol
o cati on o SRSTFRATEEERTE S pihe Seurl ol BNE P dbe cepondmene oy
ONU t o cal cul asaid gvansavide, ysaif cdatral masvmhj respongive, WHeFecRipdi PIMBNieqaBst . . . . | .
to include sai ge?@g%wrﬁsﬁqttgg% LhE Y, optlcal network unit indicative of the quantity of data
intended to be sent therefrom, to transmit 10 the optical network unit a polhng i
message including an indication of the quantity of data that the optical network o
15 unit is permitted to send to the head-end station; REEES
wherein the opttcal network unit includes means respanst\l/e, on.recett:twof
the polling message, to transmit, from the buffer to the head-end station over said ¢ L
waveguide, a quantity of data less than or equal to the permitted quantity .
indicated by said polling message, and :
20 wherein the optical network unit is arranged to calculate the data quantity . ...
to be specified in the request message to the head-end station using at least one: Cra ‘
measurement of buffer fullness in combination with at least one indication of a: o ';

pre VioWns Wy
permitted quantity of data.

25 2. A communications network comprising:
a head-end station;
an optical network unit having user equipment connected thereto, said
optical network unit being linked to the head-end station by means of an optical
waveguide and including a buffer to store data received from said user equipment;
30 wherein the head-end station includes contrt;l'means arranged to control
the transmission of data by the optical network unit to the head-end station over
said waveguide, said control means being arranged to transmit to the optical
network unit a polling message including an indication of the quantity of data that

the optical network unit is permitted to send to the head-end station;
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dﬂasérﬂj‘ea'ﬁ‘dl?ﬁf'i’% %&ﬁfg{qfullness by the optical network unit in combination

with at least one measurement of a permitted quantity of data. o

3. A communications network as i gaim 1 or Claim 2, wherein the‘optical

network unit is arranged to assemble dataffor transmission to the head-end station,:

and the head-end station is arranged to receive such data<as data packets

. . ?
assembled according to a predetermined packet structu}

4, A communications network as in Claim 1,2 or 3, wherein data transmitted:

by the optical network unit to the head-end station is multiplexed according to a

time division multiple access (TDMA) protocol. o

5. A communications network as in Claim 1 wherein said at least one:

measurement of buffer fullness and said at least one indication of a permxtted
selechow NAL o0

quantity of data are selected(to enable the ONU to calculate .a quantlt %:f‘,_data to v
A {-;

be delayed in the buffer as a result of transmission of/ data to the head-end station
and to include said calculated gquantity of delayed data in the calculation of the

data quantity to be specified in the request message.

6. A communications network as in Claim 1 wherein said at least one

measurement of buffer fullness and said at least one indication of a permitted
choN AZoLnd

qguantity of data are selec?edz\to enable the ONU to calculate a quantity of data

received from sand user equipment and to include said calculated quantity of

received data in the calculation of the data quantity to be specified in the request

message.
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perm ty of data.
waveguide from the head-end station, being indicative of a quantity of data that
the optical network unit is permitted to send to the head-end station, to transmit
from the buffer means to the head-end station, over said optical waveguide, a
quantity of data less than or equal to the permitted quantity indicated by the ety
polling message; and IR
means to generate a request message indicative of a quantity of data that
the optical network unit intends to send to the head-end station, and to transmit Coaan
the request message to the head-end station over said optical waveguide; i
wherein the optical network unit further comprises means to calculate the_ !
qﬁantity of data .t-o be mdxcated by said request message using at least one |
measurement of buffer fuliness in com_bination with at least one indication of a

permitted quantity of data.

8. A method of transferring data between a head-end station and an optical «« -
network unit, connected together by an optical waveguide, comprising the steps -+«
of: ' ' .

(1 geegci\rging, at the head-end station, a polling message including the
identity of am optical network unit and an indication of a quantity of data that the
identified optical network unit is permitted to send to the head-end station, and
transmitting the polling message over the optical waveguide;

(2)  on receiving the polling message, the optical network unit identified
therein transmitting to the head-end station, over said optical waveguide, a
guantity of data less than or equal to the permitted quantity indicated by said
poiling message;,

{3)  said optical network unit generating a request message indicating a
quantity of data intended for transmission from said optical network unit to the

head-end station, and transmitting the request message to the head-end station
over the optical waveguide;
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wherei i indi
| | rein the quantity of data indicated by said request message is
calculated b i i
y the optical network unit using at least one measurement of buffe
r

fuliness in combinati i
mbination with at least one indication of a permitted quantity of dat
a.
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