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Description

BACKGROUND

[0001] The present invention relates to wireless com-
munication systems. More particularly, it relates to a
modification to such systems by employing a physical
layer (PHY) automatic repeat request (ARQ) scheme.
[0002] Proposed broadband fixed wireless access
(BFWA) communication systems, using either single car-
rier-frequency domain equalization (SC-FDE) or orthog-
onal frequency division multiplex (OFDM) plan on using
a high speed downlink packet access (HSDPA) applica-
tion. This application will transmit downlink packet data
at high speeds. In BFWA, a building or group of buildings
are connected, either wirelessly or wired, and operate as
a single subscriber site. The data demand for such a
system is quite high for the single site’s multiple end users
requiring large bandwidths.
[0003] The current proposed system employs a layer
2 automatic repeat request (ARQ) system. Data blocks
unsuccessfully transmitted to the subscribers are buff-
ered and retransmitted from layer 2. The data blocks
stored in layer 2 are typically large, are transmitted for
high signal to noise ratio (SNR) reception, are received
with a low block error rate (BLER), and are infrequently
retransmitted. Additionally, layer 2 ARQ signaling is typ-
ically slow requiring large buffers and long retransmission
intervals.
[0004] Accordingly, it is desirable to have alternatives
in addition to a layer 2 ARQ system. WO99/12303A re-
lates to error handling using ARQ in digital communica-
tion systems that support multiple forward error correc-
tion (FEC) coding and/or modulation schemes.

SUMMARY

[0005] A subscriber unit comprises a transmitter and
a receiver. A physical layer transmitter, at the transmitter,
receives data and formats the received data into uplink
packets having a particular encoding/data modulation.
The physical layer transmitter contains n channels which
transmit the uplink packets and retransmits uplink pack-
ets in response to not receiving a corresponding acknowl-
edgment for a given packet. An adaptive modulation and
coding controller in the transmitter collects retransmis-
sion statistics and adjusts the particular encoding/data
modulations using the collected statistics and the packets
are transmitted using OFDMA and selective nulling of
subchannels in an OFOMA set is performed in addition
to the FEC and modulation adjusting. The receiver has
a physical layer n-channel receiver for receiving downlink
packets. The receiver contains an n-channel hybrid ARQ
combiner/decoder which combines packet transmis-
sions, decodes packets and detects packet errors. The
receiver contains an acknowledgment transmitter which
transmits an acknowledgment for each packet, if that
packet has an acceptable error rate. The receiver con-

tains an in-sequence delivery element which delivers ac-
ceptable packets to higher layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figures 1a and 1b are simplified block diagrams
of downlink and uplink physical ARQs.
[0007] Figure 2 is a flow chart for using retransmission
statistics for adaptive modulation and coding.
[0008] Figure 3 is block diagram showing a multi-chan-
nel stop and wait architecture.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0009] Figures 1a and 1b respectively show a downlink
physical ARQ 10 and uplink physical ARQ 20.
[0010] The downlink physical ARQ 10 comprises a
base station 12 receiving packets from the higher layer
ARQ transmitter 14a provided in network 14. The packets
from transmitter 14a are applied to the physical layer
ARQ transmitter 12a in base station 12. The ARQ trans-
mitter 12a encodes the data with a forward error correct-
ing code (FEC), appends error check sequences (ECSs),
modulates the data as directed by the adaptive modula-
tion and coding (AMC) controller 12c, such as by using
binary phase shift keying (BPSK), quadrature phase shift
keying (QPSK) or m-ary quadrature amplitude modula-
tion (i.e. 16-QAM or 64-QAM). Additionally, for orthogo-
nal frequency division multiple access (OFDMA), the
AMC controller 12a may vary the subchannels used to
carry the packet data. The physical layer ARQ transmitter
12a transmits packets to the subscriber unit 16 through
air interface 14 by way of switch, circulator or duplexor
12d and antenna 13. The transmitter 12a also temporarily
stores the message for retransmission, if necessary, in
a buffer memory incorporated in the transmitter 12a.
[0011] Antenna 15 of subscriber unit 16 receives the
packet. The packet is input into physical layer ARQ re-
ceiver 16a through switch, circulator or duplexor 16b. At
the receiver 16a, the packet is FEC decoded and checked
for errors using the ECS. The receiver 16a then controls
acknowledgment transmitter 16c to either acknowledge
(ACK) receipt of a packet with an acceptable error rate
or to request retransmission by, preferably, withholding
an acknowledgment signal or transmitting a negative ac-
knowledgment (NAK).
[0012] The ACK is sent by ACK transmitter 16c to the
base station 12 through switch 16b and antenna 15. The
ACK is sent via the air interface 14 to antenna 13 of base
station 12. The received ACK is processed by an ac-
knowledgment receiver 12b in the base station. The ACK
receiver 12b delivers the ACK/NAKs to the adaptive mod-
ulation and coding (AMC) controller 12c and to the trans-
mitter 12a. The AMC controller 12c analyzes the channel
quality to the subscriber unit 16 using statistics of the
received ACKs and may vary the FEC encoding and mod-
ulation techniques of subsequent transmissions of the
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message, as will be described in more detail. If the sub-
scriber unit 16 acknowledges receipt of the packet, re-
ceipt of this ACK at base station 12 causes the original
packet, which was temporarily stored in a buffer memory,
to be cleared in readiness for the next packet.
[0013] If no ACK is received or a NAK is received, the
physical layer transmitter 12a retransmits the original
message or selectively modified version of the original
message to subscriber 16. At the subscriber unit 16, the
retransmission is combined with the original transmis-
sion, if available. This technique facilitates receipt of a
correct message by use of data redundancy or selective
repeat combining. The packets having an acceptable er-
ror rate are transferred to higher layers 16d for further
processing. The acceptably received packets are deliv-
ered to the higher layers 16d in the same data order in
which the data was provided to transmitter 12a in the
base station (i.e. in-sequence delivery). The maximum
number of retransmissions is limited to an operator-de-
fined integer value, such as in the range of 1 to 8. After
the maximum number of retransmissions are attempted,
the buffer memory is cleared for use by the next packet.
Decoding an acknowledgment using small packets at the
physical layer reduces transmission delays and message
handling time.
[0014] Since PHY ARQ occurs at the physical layer,
the number of retransmission occurrences for a particular
channel, retransmission statistics, is a good measure of
that channel’s quality. Using the retransmission statis-
tics, the AMC controller 12c may vary the modulation and
coding schemes for that channel, as shown in Figure 2.
Additionally, the retransmission statistics can also be
combined with other link quality measurements, such as
bit error rates (BERs) and block error rates (BLERs), by
the AMC controller 12c to gauge the channel quality and
determine whether a change in the modulation and cod-
ing scheme is required.
[0015] To illustrate for SC-FDE, the retransmission oc-
currences for a particular channel are measured to pro-
duce retransmission statistics, (60). A decision on wheth-
er to change the modulation scheme is made using the
retransmission statistics, (62). If the retransmissions are
excessive, a more robust coding and modulation scheme
is used, (64), usually at a reduced data transfer rate. The
AMC controller 12c may increase the spreading factor
and use more codes to transfer the packet data. Alter-
nately or additionally, the AMC controller may switch from
a high data throughput modulation scheme to a lower
one, such as from 64-QAM to 16-QAM or QPSK. If the
rate of retransmissions is low, a switch to a higher ca-
pacity modulation scheme is made, such as from QPSK
to 16-ary QAM or 64-ary QAM, (66). The decision pref-
erably uses both the retransmission rate and other link
quality measurements signaled from the receiver, such
as BER or BLER, (62). The decision limits are preferably
set by the system operator.
[0016] For OFDMA, the retransmission occurrences
are used to monitor the channel quality of each subchan-

nel. If the retransmission rate or retransmission rate/link
quality for a particular subchannel indicates poor quality,
that subchannel is selectively nulled from the OFDM fre-
quency set, (64), in order to preclude use of such poor
quality subchannels for some future period. If the retrans-
mission rate or retransmission rate/link quality indicates
high quality, previously nulled subchannels may be add-
ed back to the OFDM frequency set, (66).
[0017] Using the retransmission occurrences as a ba-
sis for AMC provides a flexibility to match the modulation
and coding scheme to the average channel conditions
for each user. Additionally, the retransmission rate is in-
sensitive to measurement error and reporting delay from
the subscriber unit 16.
[0018] The uplink ARQ20 is similar in nature to the
downlink ARQ 10 and is comprised of a subscriber unit
26 in which packets from a higher layer ARQ transmitter
28a of the higher layers 28 are transferred to physical
layer ARQ transmitter 26a. The message is transmitted
to the base station antenna through switch 26d, subscrib-
er antenna 25 and air interface 24. The AMC controller,
likewise, may vary the modulation and coding scheme
using the retransmission statistics of a channel.
[0019] Physical layer ARQ receiver 22a, similar to re-
ceiver 16a of Figure 1a, determines if the message has
an acceptable error rate requiring retransmission. The
acknowledgment transmitter reports status to subscriber
unit 26, causing the transmitter 26a to retransmit or al-
ternatively to clear the original message temporarily
stored at transmitter 26a in readiness to receive the next
message from the higher layers 28. Successfully re-
ceived packets are sent to the network 24 for further
processing.
[0020] Although not shown for purposes of simplicity,
the system is preferably used for an HSDPA application
in a BFWA system, although other implementations may
be used. The BFWA system may use frequency division
duplex or time division duplex SC-FDE or OFDMA. In
such a system, the base station and all of the subscribers
are in fixed locations. The system may comprise a base
station and a large number of subscriber units. Each sub-
scriber unit may serve multiple users within one building
or several neighboring buildings, for example. These ap-
plications typically require a large bandwidth due to the
large number of end users at one subscriber unit site.
[0021] A PHY ARQ deployed in such a system is trans-
parent to the higher layers, such as the medium access
controllers (MACs). As a result, PHYARQ can be used
in conjunction with higher layer ARQs, such as layer 2.
In such cases, the PHY ARQ reduces the retransmission
overhead of the higher layer ARQs.
[0022] Figure 3 is an illustration of an N-channel stop
and wait architecture for a PHYARQ 30. The Physical
Layer ARQ transmit function 38 may be located at the
base station, subscriber unit or both depending on wheth-
er downlink, uplink or both PHYARQs are used. Blocks
34a of data arrive from the network. The network blocks
are placed in a queue 34 for transmission over the data
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channel 41 of the air interface 43. An N-channel sequenc-
er 36 sends data of the blocks sequentially to the N trans-
mitters 40-1 to 40-n. Each transmitter 40-1 to 40-n is as-
sociated with a transmit sequence in the data channel
41. Each transmitter 40-1 to 40-n FEC encodes and pro-
vides ECS for the block data to produce packets for AMC
modulation and transmission in the data channel 41. The
FEC encoded/ECS data is stored in a buffer of the trans-
mitter 40-1 to 40-n for possible retransmission. Addition-
ally, control information is sent from the PHYARQ trans-
mitter 38 to synchronize reception, demodulation and de-
coding at the receivers 46-1 to 46-n.
[0023] Each of the N receivers 46-1 to 46-n receives
the packet in its associated timeslot. The received packet
is sent to a respective hybrid ARQ decoder 50-1 to 50-n
(50). The hybrid ARQ decoder 50 determines the error
rate, such as BER or BLER, for the received packet. If
the packet has an acceptable error rate, it is released to
the higher levels for further processing and an ACK is
sent by the ACK transmitter 54. If the error rate is unac-
ceptable or no packet was received, no ACK is sent or a
NAK is sent. Packets with unacceptable error rates are
buffered at the decoder 50 for potential combining with
a retransmitted packet.
[0024] One approach for combining packets using tur-
bo codes is as follows. If a turbo encoded packet is re-
ceived with an unacceptable error rate, the packet data
is retransmitted to facilitate code combining. The packet
containing the same data is encoded differently. To de-
code the packet data, both packets are processed by the
turbo decoder to recover the original data. Since the sec-
ond packet has a different encoding, its soft symbols are
mapped to different points in the decoding scheme. Using
two packets with different encoding adds coding diversity
and transmission diversity to improve the overall BER.
In another approach, the identical signal is transmitted.
The two received packets are combined using a maxi-
mum ratio combining of symbols. The combined signal
is subsequently decoded.
[0025] The ACK for each receiver 46-1 to 46-n is sent
in a fast feedback channel (FFC) 45. The fast feedback
channel 45 is preferably a low latency channel. For a time
division duplex system, the ACKs may be sent in idle
periods between upstream and downstream transmis-
sions. The FFC 45 is preferably a low speed, high band-
width CDMA channel overlaying other in-band transmis-
sions. The FFC CDMA codes and modulations are se-
lected to minimize interference to other in-band trans-
missions. To increase the capacity of such an FFC 45,
multiple codes may be used.
[0026] The ACK receiver 56 detects the ACKs and in-
dicates to the corresponding transmitter 40-1 to 40-n
whether the ACK was received. If the ACK was not re-
ceived, the packet is retransmitted. The retransmitted
packet may have a different modulation and coding
scheme as directed by the AMC controller 12c, 26c. If
the ACK is received, the transmitter 40-1 to 40-n clears
the previous packet from the buffer and accepts a sub-

sequent packet for transmission.
[0027] The number of transmitters and receivers N is
based on various design considerations, such as the
channel capacity and ACK response time. For the pre-
ferred system previously described, a 2-channel archi-
tecture is preferably utilized, with even and odd transmit-
ters and receivers.
[0028] The PHYARQ technique of the preferred em-
bodiment provides a 7 db gain in signal to noise ratio
(SNR) as compared to a system using only higher layer
ARQ. This occurs by operating at higher block error rates
(BLERs) (5-20% BLER) and using smaller block sizes
for layer 1 than is practical with higher layer ARQ alone.
The decreased SNR requirement allows for: increased
capacity by switching to high order modulation employing
an adaptive modulation and coding (AMC) technique;
lower customer premise equipment (CPE) costs by using
lower grade RF (radio frequency) components with the
PHY ARQ compensating for reduced implementation
performance; increased downlink range which extends
the cell radius; reduced downlink power in the base sta-
tion (BS) to minimize cell-cell interference; and increased
power amplifier (PA) back-off when employing a multi-
carrier technique.

Claims

1. A subscriber unit implementing physical layer auto-
matic repeat request, comprising:

a transmitter having:

a physical layer transmitter for receiving da-
ta, formatting the received data into uplink
packets, each uplink packet having a par-
ticular encoding and data modulation, trans-
mitting the uplink packets, and
retransmitting uplink packets in response to
failure to receive a corresponding acknowl-
edgment for a given uplink packet;
an acknowledgment receiver for receiving
the corresponding acknowledgment; and
an adaptive modulation and coding control-
ler for collecting retransmission statistics by
collecting the number of retransmission oc-
currences and
adjusting the particular data encoding and
modulation using the collected statistics;
and
a receiver having:

a physical layer receiver for demodu-
lating downlink packets;
a combiner and decoder for packet
combining, buffering, decoding and
detecting packet errors; and
an acknowledgment generator for gen-
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erating an acknowledgment for each
downlink packet if that packet has an
acceptable error rate,

wherein the particular encoding and data
modulation is forward error correction, here-
inafter referred to as FEC,
characterized in that:

the uplink packets are transmitted us-
ing an orthogonal frequency division
multiple access, hereinafter referred to
as OFDMA, air interface and that, in ad-
dition to the FEC encoding and data
modulation adjusting, selective nulling
of subchannels in an OFDMA set is per-
formed.

2. The subscriber unit of claim 1, wherein the uplink
packets are transmitted using a single carrier having
a frequency domain equalization, hereafter referred
to as SC-FDE, air interface.

3. The subscriber unit of claim 1, whereby the subscrib-
er unit uses a code division multiple access, hereaf-
ter referred to as CDMA, air interface and
wherein the acknowledgments are transmitted on a
fast feedback channel.

4. The subscriber unit of claim 1, whereby the acknowl-
edgment generator transmits a negative acknowl-
edgment if any downlink packet has an unacceptable
error rate.

5. The subscriber unit of claim 1, for supporting broad-
band wireless communications comprising:

a sequencer having a queue for receiving data
blocks from a communication network and for
sequentially conveying uplink packets to n trans-
mitters;
n transmitters for transmitting uplink packets
through a data channel;
n receivers for receiving return downlink packets
through said data channel; and
n hybrid ARQ decoders, each coupled with one
of said n receivers;
whereby said n hybrid ARQ decoders have a
feedback channel for transmitting an acknowl-
edgment when a downlink packet having an ac-
ceptable error rate has been received, and for
releasing downlink packets which have an ac-
ceptable error rate.

6. The subscriber unit of claim 5, wherein said n signal
transmitters each temporarily store an uplink packet
that has been transmitted in a buffer memory;
whereby each of said n transmitters clear the stored

packet in readiness for receipt of another block when
an acknowledgement signal for the stored packet
has been received at one of said n receivers.

7. The subscriber unit of claim 5, wherein said n trans-
mitters each temporarily store an uplink packet that
has been transmitted in a buffer memory; whereby
said n transmitters retransmits the uplink packet tem-
porarily stored in its buffer memory when an ac-
knowledgement signal for the stored packet has not
been received at one of said n receivers.

8. The subscriber unit of claim 5, wherein each of said
n transmitters clears its buffer memory if an acknowl-
edgement signal is not received after a maximum
number of retransmissions.

9. The subscriber unit of claim 8, wherein the maximum
number of retransmissions is an operator defined
integer having a range from 1 to 8.

10. The subscriber unit of claim 5, wherein each of said
n receivers combine a retransmitted uplink packet
with an original transmitted uplink packet to facilitate
error correction.

11. The subscriber unit of claim 5, wherein a transmitter
failing to receive an acknowledgement signal en-
codes the uplink packet by employing a different en-
coding technique from an encoding technique em-
ployed in an original transmission of that uplink pack-
et.

12. The subscriber unit of claim 5, wherein each of the
n transmitters employs turbo coding and each of the
n decoders employ code combining of an original
transmission and a retransmission to facilitate error
correction.

13. The subscriber unit of claim 5, wherein the uplink
packets are transmitted using an orthogonal fre-
quency division multiple access air interface in which
frequency subchannels in an OFDMA set may be
selectively nulled.

14. The subscriber unit of claim 5, wherein the uplink
packets are transmitted using a single carrier having
a frequency domain equalization air interface.

15. The subscriber unit of claim 5, wherein the acknowl-
edgments are transmitted on a fast feedback chan-
nel using a code division multiple access air inter-
face.

Patentansprüche

1. Teilnehmereinheit, die einen automatische Bitüber-
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tragungsschicht-Wiederholabruf implementiert, Fol-
gendes aufweisend:

einen Sender mit:

einem Bitübertragungsschicht-Sender zum
Empfangen von Daten, Formatieren der
empfangenen Daten zu Uplink-Paketen,
wobei jedes Uplink-Paket eine spezielle Co-
dierung und Datenmodulation besitzt,
Übertragen der Uplink-Pakete, und Über-
tragungswiederholung von Uplink-Paketen
im Ansprechen auf einen nicht erfolgten
Empfang einer entsprechenden Empfangs-
bestätigung für ein bestimmtes Uplink-Pa-
ket;
einem Empfangsbestätigungsempfänger
zum Empfangen der entsprechenden Emp-
fangsbestätigung; und
einer Steuervorrichtung für adaptive Modu-
lation und Codierung zum Erfassen statisti-
scher Übertragungswiederholungsdaten,
indem die Anzahl von Übertragungswieder-
holungsereignissen erfasst und die spezi-
elle Datencodierung und -modulation unter
Verwendung der erfassten statistischen
Daten eingestellt wird; und
einen Empfänger mit:

einem Bitübertragungsschicht-Emp-
fänger zum Demodulieren von Down-
link-Paketen;
einem Kombinator und Decodierer zum
Kombinieren, Zwischenspeichern, De-
codieren von Paketen und Erfassen
von Paketfehlern; und
einem Empfangsbestätigungsgenera-
tor zum Generieren einer Empfangsbe-
stätigung für jedes Downlink-Paket,
falls das Paket eine akzeptable Fehler-
rate hat,
wobei die spezielle Codierungs- und
Datenmodulation eine Vorwärtsfehler-
korrektur ist, die im Nachstehenden als
FEC bezeichnet wird,
dadurch gekennzeichnet, dass
die Uplink-Pakete unter Verwendung
einer Orthogonalfrequenz-Multiplex-
mehrfachzugriffs-Luftschnittstelle, im
Nachstehenden als ODFMA-Luft-
schnittstelle bezeichnet, übertragen
werden, und dass zusätzlich zur FEC-
Codierung und -Datenmodulation eine
selektive Nullsetzung von Unterkanä-
len in einem OFDMA-Satz erfolgt.

2. Teilnehmereinheit nach Anspruch 1, wobei die
Uplink-Pakete unter Verwendung eines Einzelträ-

gers mit einer Frequenzbereichsentzerrungs-Luft-
schnittstelle, im Nachstehenden als SC-FDE-Luft-
schnittstelle bezeichnet, übertragen werden.

3. Teilnehmereinheit nach Anspruch 1, wobei die Teil-
nehmereinheit eine Codemultiplex-Vielfachzugriffs-
Luftschnittstelle, im Nachstehenden als CDMA-Luft-
schnittstelle bezeichnet, verwendet, und wobei die
Empfangsbestätigungen über einen Schnellrück-
kopplungskanal übertragen werden.

4. Teilnehmereinheit nach Anspruch 1, wobei der Emp-
fangsbestätigungsgenerator eine negative Emp-
fangsbestätigung überträgt, falls irgendein Down-
link-Paket eine inakzeptable Fehlerrate hat.

5. Teilnehmereinheit nach Anspruch 1, zur Unterstüt-
zung von Breitband-Funkkommunikation , Folgen-
des aufweisend:

eine Ablaufsteuerung mit einer Warteschlange
zum Empfangen von Datenblöcken aus einem
Kommunikationsnetz, und zum sequentiellen
Weiterleiten von Uplink-Paketen an n Sender;
n Sender zum Übertragen von Uplink-Paketen
über einen Datenkanal;
n Empfänger zum Empfangen von Downlink-
Rückpaketen über den Datenkanal; und
n Hybrid-ARQ-Decodierer, wovon jeder mit ei-
nem der n Empfänger gekoppelt ist;

wobei die n Hybrid-ARQ-Decodierer einen Rück-
kopplungskanal haben, um eine Empfangsbestäti-
gung zu übertragen, wenn ein Downlink-Paket mit
einer akzeptablen Fehlerrate eingegangen ist, und
um Downlink-Pakete abzusetzen, die eine akzepta-
ble Fehlerrate haben.

6. Teilnehmereinheit nach Anspruch 5, wobei die n Si-
gnalsender jeweils ein Uplink-Paket, das übertragen
wurde, temporär in einem Zwischenspeicher spei-
chern;
wobei die n Sender das gespeicherte Paket in Be-
reitschaft für den Empfang eines anderen Blocks je-
weils löschen, wenn ein Empfangsbestätigungssi-
gnal für das gespeicherte Paket an einem der n Emp-
fänger eingegangen ist.

7. Teilnehmereinheit nach Anspruch 5, wobei die n
Sender jeweils ein Uplink-Paket, das übertragen
wurde, temporär in einem Zwischenspeicher spei-
chern;
wobei die n Sender das temporär in ihrem Zwischen-
speicher gespeicherte Uplink-Paket wiederholt
übertragen, wenn kein Empfangsbestätigungssignal
für das gespeicherte Paket bei einem der n Empfän-
ger eingegangen ist.
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8. Teilnehmereinheit nach Anspruch 5, wobei jeder der
n Sender seinen Zwischenspeicher löscht, wenn
nach einer maximalen Anzahl an Übertragungswie-
derholungen kein Empfangsbestätigungssignal ein-
gegangen ist.

9. Teilnehmereinheit nach Anspruch 8, wobei die ma-
ximale Anzahl an Übertragungswiederholungen ei-
ne bedienerdefinierte ganze Zahl mit einem Bereich
von 1 bis 8 ist.

10. Teilnehmereinheit nach Anspruch 5, wobei die n
Sender jeweils ein wiederholt übertragenes Uplink-
Paket mit einem ursprünglichen, übertragenen
Uplink-Paket kombinieren, um eine Fehlerkorrektur
zu erleichtern.

11. Teilnehmereinheit nach Anspruch 5, wobei ein Sen-
der, der kein Empfangsbestätigungssignal emp-
fängt, das Uplink-Paket unter Nutzung eines Codier-
verfahrens codiert, das sich von einem Codierver-
fahren unterscheidet, das in einer ursprünglichen
Übertragung dieses Pakets verwendet wurde.

12. Teilnehmereinheit nach Anspruch 5, wobei jeder der
n Sender eine Turbocodierung verwendet und die n
Decodierer jeweils eine Codekombinierung aus ei-
ner ursprünglichen Übertragung und einer Übertra-
gungswiederholung verwenden, um eine Fehlerkor-
rektur zu erleichtern.

13. Teilnehmereinheit nach Anspruch 5, wobei die
Uplink-Pakete unter Verwendung einer Orthogonal-
frequenz-Multiplexmehrfachzugriffs-Luftschnittstel-
le übertragen werden, wobei Frequenzunterkanäle
in einem OFDMA-Satz selektiv auf Null gesetzt wer-
den können.

14. Teilnehmereinheit nach Anspruch 5, wobei die
Uplink-Pakete unter Verwendung eines Einzelträ-
gers mit einer Frequenzbereichsentzerrungs-Luft-
schnittstelle übertragen werden.

15. Teilnehmereinheit nach Anspruch 5, wobei die Emp-
fangsbestätigungen über einen Schnellrückkopp-
lungskanal unter Verwendung einer Codemultiplex-
Vielfachzugriffs-Luftschnittstelle übertragen wer-
den.

Revendications

1. Unité d’abonné mettant en oeuvre une demande de
répétition automatique de couche physique,
comportant :

un émetteur présentant :

un émetteur de couche physique pour re-
cevoir des données, formater les données
reçues en paquets montants, chaque pa-
quet montant ayant un codage particulier et
une modulation de données particulière,
émettre les paquets montants, et réémettre
les paquets montants en cas de non-récep-
tion d’un accusé de réception correspon-
dant à un paquet montant donné ;
un récepteur d’accusé de réception pour re-
cevoir l’accusé de réception correspon-
dant ; et
un contrôleur de modulation et de codage
adaptatif pour collecter des statistiques de
réémission en collectant le nombre d’évé-
nements de réémission et en réglant le co-
dage particulier et la modulation particulière
de données à l’aide des statistiques
collectées ; et
un récepteur présentant :

un récepteur de couche physique pour
démoduler des paquets descendants ;
un combineur et décodeur pour combi-
ner, mettre en mémoire tampon et
décoder des paquets et détecter des
erreurs de paquet ; et
un générateur d’accusé de réception
pour générer un accusé de réception
pour chaque paquet descendant si ce-
lui-ci présente un taux d’erreur admis-
sible,
le codage particulier et la modulation
particulière de données étant à correc-
tion d’erreurs sans voie de retour, ci-
après désignée FEC,
caractérisée en ce que :

les paquets montants sont émis via
une interface hertzienne à accès
multiple par répartition orthogona-
le en fréquence, ci-après désigné
AMROF, et en ce que, en plus du
réglage du codage FEC et de la
modulation de données, une mise
à zéro sélective de sous-canaux
dans un ensemble AMROF est
réalisée.

2. L’unité d’abonné selon la revendication 1, où les pa-
quets montants sont émis via une monoporteuse à
interface hertzienne à égalisation du domaine fré-
quentiel, ci-après désignée SC-FDE.

3. L’unité d’abonné selon la revendication 1, où l’unité
d’abonné utilise une interface hertzienne à accès
multiple par répartition en code, ci-après désigné
AMRC, et où les accusés de réception sont émis sur
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un canal de rétroaction rapide.

4. L’unité d’abonné selon la revendication 1, où le gé-
nérateur d’accusé de réception émet un accusé de
réception négatif si un quelconque paquet descen-
dant présente un taux d’erreur inadmissible.

5. L’unité d’abonné selon la revendication 1, admettant
une communication sans fil à large bande
comportant :

un séquenceur présentant une file d’attente
pour recevoir des blocs de données depuis un
réseau de communication et pour acheminer sé-
quentiellement des paquets montants à n
émetteurs ;
n émetteurs pour émettre des paquets montants
via un canal de données ;
n récepteurs pour recevoir des paquets descen-
dants en retour via ledit canal de données ; et
n décodeurs ARQ hybrides, chacun étant cou-
plé à l’un desdits n récepteurs ; lesdits n déco-
deurs ARQ hybrides présentant un canal de ré-
troaction pour émettre un accusé de réception
lorsqu’un paquet descendant présentant un
taux d’erreur admissible a été reçu, et pour libé-
rer des paquets descendants qui présentent un
taux d’erreur admissible.

6. L’unité d’abonné selon la revendication 5, où lesdits
n émetteurs de signal stockent chacun temporaire-
ment un paquet montant qui a été émis dans une
mémoire tampon ;
chacun desdits n émetteurs effaçant le paquet stoc-
ké en vue de recevoir un autre bloc lorsqu’un signal
d’accusé de réception pour le paquet stocké a été
reçu par l’un desdits n récepteurs.

7. L’unité d’abonné selon la revendication 5, où lesdits
n émetteurs stockent chacun temporairement un pa-
quet montant qui a été émis dans une mémoire
tampon ;
lesdits n émetteurs réémettant le paquet montant
temporairement stocké dans sa mémoire tampon
lorsqu’un signal d’accusé de réception pour le pa-
quet
stocké n’a pas été reçu par l’un desdits n récepteurs.

8. L’unité d’abonné selon la revendication 5, où chacun
desdits n émetteurs
efface sa mémoire tampon si un signal d’accusé de
réception n’est pas reçu après un nombre maximum
de réémissions.

9. L’unité d’abonné selon la revendication 8, où le nom-
bre maximum de réémissions est un entier défini par
un opérateur, compris dans une plage de 1 à 8.

10. L’unité d’abonné selon la revendication 5, où chacun
desdits n récepteurs combine un paquet montant
réémis avec un paquet montant émis original pour
faciliter la correction d’erreurs.

11. L’unité d’abonné selon la revendication 5, où un
émetteur ne recevant pas un signal d’accusé de ré-
ception code le paquet montant en utilisant une tech-
nique de codage différente d’une technique de co-
dage utilisée dans une émission originale de ce pa-
quet montant.

12. L’unité d’abonné selon la revendication 5, où chacun
des n émetteurs utilise un codage turbo et chacun
des n décodeurs utilise une combinaison de codes
d’une émission originale et d’une réémission pour
faciliter la correction d’erreurs.

13. L’unité d’abonné selon la revendication 5, où les pa-
quets montants sont émis via une interface hertzien-
ne à accès multiple par répartition orthogonale en
fréquence, dans laquelle des sous-canaux de fré-
quence dans un ensemble AMROF peuvent être mis
à zéro sélectivement.

14. L’unité d’abonné selon la revendication 5, où les pa-
quets montants sont émis via une monoporteuse à
interface hertzienne à égalisation du domaine fré-
quentiel.

15. L’unité d’abonné selon la revendication 5, où les ac-
cusés de réception sont émis sur un canal de ré-
troaction rapide via une interface hertzienne à accès
multiple par répartition en code.
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