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dispersion over the communication band. Shadow fading is spectrally flat
and characterized by a log- The present Invention relates to wideband
packet  normal distribution. communication networks, and to methods of
trans-      It is to be understood that all effects vary dynam- -   mitting
Information between a plurality of transmit-   5   Ically with time as the
environment slowly changes. ters and a central node.
Raleigh fading produces a wide variation In the level Local Area Networks
(LANs) have Included many   of signals arriving at a particular receiver
from differ- different architectures such as the bus, loop, ring,  ent
transmitters, thereby precluding the use of stan- star, tree, etc. One such
LAN is disclosed In the article  dard techniques for multiple access of the
radio chan- "ANewLocal Area NetworkArchitecture Using ACen-  10  nel.
Dispersion within the channel produces serious tralized Bus" by A. Acampora
et al. in IEEE Commu-  Intersymbol iinterference, thereby limiting the
maxi- nications Magazine, Vol. 22, No. 8, August 1984, at  mum data rate of
the channel and causing a fraction pages 12-21. There, a centralized bus Is
used with all  of users to experience an unacceptably high bit error user
devices being hard-wired to a central node as  rate, and a link
experiencing such condition is said to shown in FiGs. 1-3 of the article.
15  have suffered an outage and Is temporarily unavail- Indoor wireless
communications networks have    able. Therefore, the problem in the prior
art is to pro- also been developed over the years. In the article  vide a
technique or network which will permit as high "Cordless Telephone System"
by M. Komura et al.,   a data rate as possible while encountering changing
published In the Japanese Telecommunications Re-   conditions. view, Vol.
15, No. 4, 1973, at pages 257-261, a cord-  20  US-A-4466001 discloses a
system for polling less radio telephone system is disclosed which per-
multiple terminals units from a base station. The base mits telephone to
communicate via radio to a local-  station transmits a reference signal
which each termi- Ized antenna which is directly connected to a base  nal
uses as a sync signal. Each terminal unit having station. Another technique
for wireless indoor com-  data to send to the base  station responds with a
signal munication is disclosed by F. Gfeller In the IBM Tech-  25  during
an assigned time slot in a queue of slots. nical Disclosure Bulletin, Vol.
24, No. 8, January  Those units which respond are polled during a subse-
1982, at pages 4043-4046 wherein an infrared micro-  quent polling cycle.
The address code of a terminal broadcasting network for In-house data
communica-  unit is encoded to carry other Information In both di- tion is
disclosed. There, a host controller is directly  rections. connected to a
plurality of spaced-apart transpond-  30  According to one aspect of this
invention there is ers for transmitting 2-way communications via In-
provided a wideband packet communication network frared signals with the
various stations forming the In-  as claimed In claim 1. house system.
According to another aspect of this Invention More recently, an office
Information network was  there Is provided a method as claimed In claim 7.
disclosed in Globecom '85, Vol. 1, December 2-5,  35   An exemplary
wideband Indoor packet communi- 1885, New Orleans, Louisiana, at pages
15.2.1-     cations network may comprise (1) a plurality of trans- 15.2.6
wherein a slotted-ring access protocol and a  celvers; and (2) a central
node. In addition, one or dynamic bandwidth allocation scheme offering
pref-  more concentrators associated with certain separate erential service
to high-priority traffic Is provided.  groups of wireless, and possibly
hard-wired, trans- There, a dual optical fiber ring, transmitting in oppo-
4o  ceivers, may be present. Each transceiver is associ- site directions,
propagates the communication sig-  ated with a separate user of the
network, and, some nals to various nodes along the fibers. Connections  or
all of the plurality of transceivers communicate between the network nodes
and local facilities or ear-  wirelessly with associated Interface units In
the con- vers are copper pairs or, where appropriate, wireless  centrators
or central node. The central node compris- drops.
45  es (a) means for determining and communicating the Indoor radio
communication Is not without prob-  necessary transmission requirements to
each of the lems, however. Buildings In general, and office build-  active
plurality of wireless transceivers during a first ings In particular,
present a harsh environment for  subperiod of each frame period, and (b)
means for re- high-speed radio transmission because of numerous  ceiving
packets of Information from each of the plur- reflections from stationary
objects such as walls, fur-  50  ality of transceivers, transmitted as
instructed by the niture, and movable objects such as people. The link
communicating means, and retransmitting the pack- between a given pair of
transmitters and receivers is  ets to the transceivers of the destined
users during a thereby corrupted by severe multipath distortion aris-
second subperiod of the frame period. More particu- ing from the random
superimposition of all reflected  larly, the communicating means of the
central node rays, and by shadow fading caused by the absence of  55  (I)
determines the packet transmission requirements line-of-sight paths. At low
data rates, the effects of  and any transmission Impairments of each
network multipath can be characterized by Raleigh fading,   user when
communicating with the associated Inter- while at higher rates the channel
additionally exhibits  face unit In a concentrator or central node, and
(ii) 2 
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associated with users deter-  less connections. mined to have packet
transmission requirements to    Each UIM 22 or23 functions to translate the
pro- transmit their packets of Information with a length suf-  tocol of the
signal received from the associated user ficient to overcome the determined
transmission im-  devices to a standard protocol of the network as used
pairment. Additionally, (1) diversity antennas can be   5   by central node
30. The translated signal is then used at the concentrators and central
node, and one  transmitted, at the appropriate time, to trunk module or
more antennas can be used at each transceiver,  25 on a time division
multiplex (TDM) basis via a con- and (2) access to the radio channel used
by all wire-  centrator bus 29. for transmission to central node 30, les
transceivers can be performed by a modified   and vice versa for the other
direction of two-way com- polling scheme which permits resource sharing to
10  munications using concentrator bus 29b. Where a provide added
protection against channel Impair-  user device already transmits and
receives signals ments on an as-needed basis.                      using
the standard network protocol, an associated UIM need only transmit the
received signal at the ap- Brief Description of the Drawing
propriate time based on the received clock signals 15  from clock module
24. The trunk module 25 in each FIG. 1 is a block diagram of an exemplary
ar-  of remote concentrators 20 and 21 functions to trans- rangement of a
wideband communication net-    mit each of the signals associated with that
concen- work embodying the present invention including  trator between each
of the UlMs 22 and 23 and cen- various hard-wired and wireless user connec-
tral node 30 at the appropriate times. The clock mod- tions; and
20  ules24 provide the timing signals for each of the UlMs FIG. 2 is a
diagram of a media access technique  22 and 23, and trunk module 25 to
achieve coordin- using polling that can be employed In the network  ated
operation within the associated remote concen- of FIG. 1.
trator 20 or 21. Central node 30 is shown as including a clock module 31
for providing the clock signals used Detailed Description
25  In central node 30; network Interface units (NIU) 32- 34 which are each
coupled either to a separate one FIG. I Illustrates an exemplary system
topology  of remote concentrators 20 or21 orto a separate sub- which Is
functionally that of a star Local Area Network  group of one or more user
devices; a call processor (LAN) comprising a central node 30, remote
concen-  35; and buses 36 and 37. trators 20 and 21, and a plurality of
user devices 10-  30  To describe the operation of the present network, 19.
Each user device 10-19 is associated with a sep-  the network components
associated only with hard- arate user of the network and can communicate
with  wired user devices, e.g., user devices 10-13, UlMs 22 central node
30(1) via a hard-wired connection 26,as  and NlUs 32 and 34 will first be
considered. Each shown for the Indirect connections between user de-
hard-wired user device 10-13 Is shown connected to vices 10-13 and
concentrators 20 and 21; or (2) via a   35  the network via terminal
Interface wires 26 and a UIM wireless link as shown for (a) the channel
comprising  22. Continuous (voice) or bursty (data) traffic arriving links
27 between a subgroup of user devices 18-19  at UIM 22 In concentrator20
from userdevices 10-11, and central node 30, or (b) the Indirect channel
com-  orat UIM 22 in concentrator 21 from user devices 12- prising links 28
between a subgroup of users 14-15  13, are formed Into fixed length packets
for time- and a subgroup of users 16-17 and concentrators 20  40
multiplexed high speed transmission to central node and 21, respectively.
It is to be understood that user  30 via trunk module 25. Each such packet
is provided devices 10-19 can each be coupled to a separate user  therein
with a logical channel number which allows terminal (not shown) such as,
for example, a data de-  central node 30 to re-route the packet to the
appro- vice, printer, personal computer, host computer, tele-  priate
concentrator 20 or 21 where the indicated des- phone, etc.
45  tination user's device Is connected. Central node 30 Each of remote
concentrators 20 and 21 is posi-  Includes a contention bus 36, 37
operating at the tioned between the associated subgroup of user ter-  speed
of each high speed link, to accomplish this re- minals 10-17 and central
node 30 and is shown as in-  routing. All traffic, Including that traffic
arising at a cluding (a) user interface modules (UIM) 22 and 23  particular
concentrator 20 or 21 and destined for that which are each coupled to a
separate portion of the  50  same concentrator, Is routed through central
node 30. associated subgroup of user devices (UDs) 10-17, (b)  The
receiving concentrator demultiplexes all ar- a clock module (24), and (c) a
trunk module 25. It Is  riving packets from central node 30 for
distribution via to be understood that each of exemplary concentra-  bus
29b to the appropriate UIM and transmission to tors 20 and 21 includes only
two UlMs, for purposes  the destined user device. Logical channel numbers
of simplicity and that additional UIMs could be dis-  55  are preferably
assigned for the entire network at the posed In parallel with UlMs 22-23
shown, and con-  beginning of a predetermined time period of commu- 



nected to other portions of the associated user devic-  nications by call
processor 35 in central node 30. Ad- es (not shown) via either separate
hard-wired or wire-  ditional device configurations and operational details
3    5                  EP 0 281 334B1                 6 are described in
the article "A New Local Area Net-  tipath fading, and each user device
14-19 Is prefer- work Architecture Using ACentralized Bus" byAcam-  ably
equipped with only a single antenna, although pora et al. In IEEE
Communications Magazine, Vol.  multiple antennas could be used. The
combination of 22, No. 8, August 1984, at pages 12-21.           limited
diversity at the concentrators 20 and 21, and Radio links may be
Introduced, as shown In FIG.   5   central node 30, along with resource
sharing can be 1, via either a wireless link between a UIM 23 In either
used to provide arbitrarily high availability. No direct one of
concentrators 20 or 21 as shown for link 28, or  communication Is permitted
among users, since all a wireless link directly to a NIU 33 In central node
30  users may communicate only with concentrators 20 as shown for link 27.
For link 27, the high-speed links  and 21 or central node 30. It should be
understood from trunk modules 25 in concentrators 20 and 21 to  10  that
common media access techniques, such as Car- central node 30 have been
augmented by the Inclu-  rier Sense Multiple Access (CSMA), are
Inappropriate sion of an NIU 33 In central node 30 which becomes  In the
radio environment because free space path a radio base station providing a
high-speed channel  loss and multipath fading result in too large a
variation to collect traffic from asubgroup of radio userdevices  of signal
strength to Insure that all channel usage can 18-19 located throughout the
building. It Is to be un-  15  be detected. To keep the wireless user
devices 14-19 derstood thatthe term channel hereinafterimplies full
Inexpensive, sophisticated timing  requirements duplex operation, with
separate bands used to trans-  should be avoided. Finally, because of
problems with mit to and receive from NIU 33. This radio channel op-  delay
spread, It Is desired that the throughput of the erates at a rate less than
or equal to that of the central  system not be significantly reduced by a
media ac- node's contention buses 36 and 37 and each of the   20  cess
technique, and separate receive and transmit high-speed links between trunk
modules 25 and NIUs  channels must be provided to allow full duplex oper-
32 and 34. With an appropriate access protocol, the  ation. radio channel
may be shared among all radio users    For the present network shown In
FIG. 1, an ex- 18-19 and appear, to central node 30, as a virtual con-
emplary modified polling technique is used, with cen- centrator. Fixed
length packets arriving over links 27   25  tral node 30 controlling the
transmit token. Polling is contend for the nodal bus 36 along with packets
ar-  performed by call processor 35 In central node 30; riving via
high-speed buses at NIUs 32 and 34 from  with the radio UlMs 23, located at
concentrators 20 trunk modules 25. The packets arriving from the   and 21,
and NIU 33, located at central node 30, being wired links 26 may be
rerouted by central node 30 to  slaved to processor 35 such that, at any
point In time, a radio link 27, and vice-versa, according to a destin-  30
only one UIM 23 or NIU 33 Is allowed to transmit the ation address Included
In each packet.           token to its community of UDs. It should be
under- A wireless link 28 establishes a communication  stood that all of
radio UDs 14-19 timeshare a single path from each user of a subgroup of
users 14-15 or  radio channel without frequency reuse. 16-17, to an
associated UIM 23 in one of remote con-  The present exemplary polling
technique for use centrators 20 or 21. Although multiple paths are es-  35
with the radio channel associated with the wireless tablished within a
subgroup of users associated with  UDs 14-19 is shown in FIG. 2. There,
time Is divided a UIM 23 or NIU 33, these links time-share a single  Into a
sequence of fixed length Intervals called radio channel. More particularly,
at any moment, only  frames, as shown at the top of FIG. 2. At the start of
one radio user of a subgroup of users may access the  each frame a polling
Interval 40 appears, followed by radio channel. It should be noted that
there is no need  4o  multiple Intervals for transmission of continuous to
provide an aggregate data rate over all radio links  (voice) traffic
packets 41, and bursty (data) traffic 27 or 28 In excess of the
transmission speed of cen-  packets 42. The length of the continuous
traffic Inter- tral node 30 since all packets must be routed through  vale
41 depends on the amount of continuous traffic. central node 30. Therefore,
It Is pointless to reuse the  This continuous traffic Is transmitted
periodically, at radio channel among user subgroups, as this In-  45  least
once per frame period, with the time Interval be- creased capacity could
not be used. Thus, by sharing  tween continuous traffic Intervals used for
bursty a single channel, operating at the speed of central  traffic.
Transmission of one fixed length packet per node 30, among all radio users,
each user can poten-  continuous traffic Interval constitutes some standard
tially access the full system bandwidth, and Interfer-  grade service,
e.g., 64 kbps. Continuous traffic UDs ence among clusters caused by
simultaneous use of  5o  may request multiples of this basic rate by
accessing the channel by users in different clusters is avoided.  multiple
time slots per continuous traffic Interval. The From the perspective of
central node 30, a radio link  polling sequence is shown at the bottom two
lines of 28 established from each concentrator 20 or 21 to  FIG. 2 for
transmissions from and to central node 30. 



each of its subgroups of radio users appears as an-  The following steps
forming the exemplary over- other wired port (UIM 22) on the concentrator.
55  all transmission sequence for the radio channel are: Regarding the
radio or wireless links only, each  1. Via the UlMs 23 located at
concentrators 20 of the UlMs 23 or NIU 33 are preferably equipped with  and
21, and NIU 33, call processor 35 at central multiple antennas for
diversity to protect against mul-  node 30 sequentially polls each UD
associated 4    7                   EP0281 334B1                    8 with
the radio channel using sub-packets P1-PN.  data rate and/or decrease the
outage probability. 2. When polled, UDs 14-19 sequentially respond,  With
resource sharing, users normally transmit at after being polled, using the
associated one of  some high rate [err] When channel conditions between
packets R1 -RN as to whether the UD has contin-  concentrators 20 or 21, or
central node 30, and a par- uous or bursty traffic, and, if bursty traffic,
the   5   ticular UD no longer permits operation at this high number of
blocks of data.                       rate., the rate is lowered to some
value such as R2 3. Processor 35 then sequentially sends a signal,  such
that the BER objective is maintained. Such tech- i.e., transmit token,
[err] to each continuous  niques are well known In the satellite system art
as traffic user to send one fixed length packet, des-  disclosed, for
example, in the articles by A. S. Acam- ignated [err] to [err], including a
preset number of data  10  pora In BSTJ, Vol. 58, No. 9, November 1979, at
pa- symbols in each packet.                         ges 2097-2111; and IEEE
Journal On Selected Areas 4. Processor 35 then sequentially sends a signal,
In Communications, Vol. SAC-1, Jan. 1983, at pages designated [err], i.e.,
a transmit token, to  133-142 where a pool ofspare time slots are used,
each bursty traffic user to send their first data  and each packet Is
transmitted with orwithout coding, block designated packets DK-DL, then the
second   15  to reduce the outage probability. Although It takes lon- data
block, etc.                                ger to complete transmission at
this lower rate, the 5. During steps 3 and 4, while the UDe are trans-
number of users simultaneously slowed down is usu- mitting to concentrators
20 and 21 In blocks [err]-  ally a small fraction of the total population,
and the [err] and[err], processor 35, through the UlMs 23  overall
throughput remains high. More particularly, at the concentrators, is
transmitting voice and   20  during non-fade conditions, convolutional
codes with data to the UDs 14-17 in associated blocks 44.  a large channel
signaling alphabet are employed to 6. When it Is time again for continuous
traffic to  permit a high rate of Information transfer as described be
transmitted, then step 3 is reiterated.      hereinbefore for the 7-step
transmission sequence, 7. When It Is time again for polling, i.e., the
begin-  and when the fade depth exceeds the built In fade ning of another
frame, then step 1 is reiterated.   25   margin, the signaling alphabet is
reduced and enough The above described polling technique meets     time
slots are borrowed from a resource sharing re- necessary requirements since
(a) the system handles  served time slot pool to maintain the data rate at
the continuous traffic, I.e., periodic data or voice, with pri-  fade site.
From the prior art, it is known that a small ority, (b) the system has the
same maximum data rate  pool of spare time slots can protect a large
commun- for each user, i.e., a fair distribution of resources,  30  ity of
users. In the present technique, the use of cod- which depends on the
system loading, (c) there is no  ing during fade events is not considered
because the timing requirements at the remote UDs 14-19, (d) the  channel
Is dispersive. throughput on the channel is notsignificantly reduced
Implementation of resource sharing with two by this technique because the
polling has a low duty  transmission rates requires modification of the
7-step cycle, mainly due to the short propagation delays be-  35   media
access technique described hereinbefore. tween the concentrators 20, 21 and
the remote UDs  With resource sharing, transmission would normally 14-19,
and (e) the system has duplex operation.    be at the higher rate [err]
during non-transmission im- What must also be considered is that In a
multi-  pairment periods. If errors are detected at the higher path
environment, paths of different lengths cause  rate via standard error
detection techniques, a receiv- delay spread at a receiver. The delay
spread, i.e., the   40  er in UDs 14-19, UlMs 23, or NIU 33 can request
call dispersion or frequency selective fading in the chan-  processor 35 to
schedule a retransmission of the last nel, produces intersymbol
Interference which limits  block of data at the lower rate R2. Call
processor 35 the maximum data rate In a given building and de-  would then
cause the transmitter to retransmit the pends primarily on the rms delay
spread and not the  last block of information during a subsequent corre-
delay spread function. Thus, within the coverage   45  sponding continuous
41 or bursty 42 traffic period at area, there is some probability that the
received sig-  the lower data using, for example, a longer block [err], nal
bit error rate (BER) for each UD is more than the  [err], or 44, or two or
more equal length blocks. Atrans- required value, hereinafter called the
outage prob-  mitter for accomplishing such technique of resource ability.
If one UD 14-19 does not work In one location,  sharing is described, for
example, In U.S. patent the user can move the UD or its antenna. However,
50  4,309,764 issued to A. Acampora on January 5,1982, 



the delay spread may vary slowly with time as people  and the previously
cited article to A. Acampora In and objects move within the building.
Therefore, it is  BSTJ, Vol. 58, No. 9, November 1979, at pages 2097-
desirable to keep the outage probability due to delay  2111. Periodically
the transmitter can retry transmis- spread as low as possible so that the
wireless system  sion at the higher rate. The frequency of retries de- is
almost as reliable as any wired portion of the sys-  55  pends on the
dynamics of the delay spread in the tem.
channel. Requestsforlowerratetransmission and re- in addition to the
technique described above, re-  tries at the higher rate need only occur
infrequently source sharing can be used to Increase the maximum  since the
channel normally varies very slowly with 5    9                   EP 0 281
334 B1                 10   11111111111111111111111111111111111 * C   L   M
S * time.                                                  centrator being
disposed between a separate subgroup of the plurality of transmitters and a
predetermined one of the plurality of NIUs, the or Claims
each concentrator comprising a plurality of user 5      Interface modules
(UIM) (22,23), each UIM pro- 1. Awideband packet communication network com-
viding duplex communications with a separate prising a plurality of
transmitters (10-19), each  portion of the subgroup of transmitters
associat- transmitter being associated with a separate user  ed with that
concentrator, where at least one of or group of users for transmitting
packets of In-  the subgroup portions communicates with Its formation, and
a central node (30) for communi-  10  UIM via a separate wirless. link, a
trunk module cating with each of the plurality of transmitters via  (25)
for providing duplex communications be- a hard-wired or wireless connection
and compris-   tween the UlMs of the concentrator and the pre- ing
processor means (35) for (a) determining       determined associated one of
the plurality of packet transmission requirements associated        NIUs in
the central node on a time division mul- with each transmitter
communicating with the   15  tiplexed basis, and a bus (29a, 29b) for
propagat- central node via a wireless connection during a    ing packets of
information between the plurality first subperiod of each frame period, and
(b)      of UlMs of the concentrator and the trunk module causing each
wireless transmitter determined to    on a time division multiplexed basis.
have a packet transmission requirement to trans- mit its packets of
information during a separate  20  4. A network according to claim 1, 2 or3
wherein the second subperiod of time of each frame period,     processor
means comprises means responsive CHARACTERIZED  IN THAT the processor
to the beginning of a frame period for (a) sequen- means serves also for
(c) detecting during the     tially sending first control signals [err] to
each of first and/or second subperiods of each frame per-  the plurality of
transmitters and sequentially re- lod transmission Impairments associated
with  25   celving second control signals [err] from the each wireless
transmitter, and (d) causing pack-   transmitters indicative of whether or
not a trans- ets of information transmitted from each trans-    mitter has
a packet of information to be transmit- mitter determined to have a
transmission impair-   ted during the frame period, and (b) in response
ment to be transmitted at a transmission rate suf-  to each received second
control signal indicating ficient to lessen the determined transmission im-
30  that a transmitter is active and has a packet in- pairment, and the
central node comprises means     formation to be sent, sequentially
transmitting (32-34) for (a) receiving packets of information   third
control signals [err] to the active transmit- from the plurality of
transmitters, and (b) retrans-  ters for causing the packet of information
to be mitting the packets to receivers associated with   sent by the
transmitter for routing by the central the destined users of the packets of
Information   35  node to a destined user of the packet of informa- via an
appropriate hard-wired or wireless connec-  tion. tion. 5. A network
according to claim 1,2,3 or 4 wherein 2. A network according to claim 1
wherein the re-      the receiving and retransmitting means compris-
ceiving and retransmitting means comprises a   40  es means for detecting
that a packet of informa- high-speed bus (36,37) for propagating packets
tion was received from a transmitter with a bit er- of information from the
plurality of transmitters  ror rate that is more than a predetermined
value, on a time division multiplexed basls, and a plur-   and for
generating a separate transmission im- ality of network interface units
(NIUs) (32-34),   pairment control signal, and the processor each NIU being
associated with a separate sub-  45  means Is responsive to a transmission
Impair- group of one or more of the plurality of transmit-  ment control
signal from the receiving and re- 



ters, and connected to the transmitters of the     transmitting means for
transmitting a subse- separate subgroup via wireless communication
quent control signal to the transmitter detected link or separate
hard-wired connections for re-    as having a transmission impairment for
causing ceiving the packets of information from the asso-  50  the
transmitter to retransmit the packet of infor- ciated subgroup of
transmitters and transmitting   mation at a slower data rate using a
predeter- each packet over the high-speed bus during a       mined resource
sharing technique. free time slot period to the NIU associated with a user
destined to receive the packet of informa-  6. A network according to any
preceding claim tion.                                      55      wherein
the receiving and retransmitting means includes diversity antennas
associated with the 3. A network according to claim 2 comprising at
wireless connections. least one concentrator (20,21), the or each con- 6
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* 7. A method of transmitting information between a        to the
transmitter detected as having a trans- plurality of transmitters (10-19)
and a central      mission impairment in response to the detec- node (30),
comprising processor means (35), via      tion of a bit error rate more
than a predeter- either one of a hard-wired or wireless connection
mined value In step (c1), and during a frame period In a wideband packet
com-   5   (c3) a transmitter having a transmission im- munication network,
each transmitter being as-        pairment being responsive to the
subsequent sociated with a separate user or group of users,      control
signal transmitted In step (c2) for re- the method comprising the steps of
transmitting the packet of Information at a (a) the processor means
determining the            slower transmission rate using a predeter-
packet transmission requirements of each   10      mined resource sharing
technique such that transmitter communicating with the central         the
packet of information Is received at the node during a first subperlod of
time of each      central node with a bit error rate below the frame
period, and                                  predetermined value. (b)
causing a wireless transmitter determined in step (a) to have packet
transmission re-  15 quirements, to transmit its packets of infor-
PatentansprOche mation during a separate second subperiod of time of each
frame period,                   1. Breltband-Paketfbertragungsnetzwerk mit
elner CHARACTERIZED BY                          Visizahl von Sendern
(10-19), die Js elnen ge- (c) the processor means detecting, during the
20  trennten Benutzer oder elner getrennten Benut- first and/or second
subperiods of time of each  zergruppe zur Obertragung von Informatlonspa-
frame period, transmission Impairments as-      keten zugeordnet sind, und
elnem zentralen Kno- soclated with each wireless transmitter, and    ton
(30), der mitjedem Sender fiber eine verdrah- (d) the processor means
causing packets of      tote oder drahtlose Verbindung In Nachrichten-
Information transmitted from each transmitter  26  verbindung steht und
sine Prozessorelnrichtung determined to have a transmission Impair-
(35) aufwelst, die(a) Paketfbertragungsanforde- ment In step (c) to be
transmitted at a trans-  rungen In Verbindung mit jedem Sender be- mission
rate sufficient to lessen the deter-    stimmt, der mit dem zentralen
Knoten fiber elne mined transmission Impairment.                  drahtlose
Verbindung wahrend elner ersten Un- 30     terperiode jeder Rahmenperlode
in Nachrichten- S. A method according to claim 7 comprising
verbindung steht, und die (b) jeden drahtlosen In step (a) the substeps of
Sender, fir den eine Paketfibertragungsanforde- (al) the processor means
sequentially trans-    rung bestimmt worden Ist, veranlalt, seine Infor-
mitting first control signals (PI) to each of the  matlonspakete wahrend
elner zwelten Unterpe- plurality of transmitters, and          35
riode jeder Rahmenperiode zu fibertragen, (a2) sequentially recelvingsecond
control sig-  dadurch gekennzeichnet, dag die Prozessor- nals (RI) from the
plurality of transmitters In-  elnrichtung aulerdem (c) wahrend der ersten
dicative of whether or not a transmitter has a  und/oderzwelten
Unterperlodejeder Rahmenpe- packet of Information to be transmitted during
riode Obertragungsbeeintrlchtigungen In Ver- the frame period, and
40      bindung mit jedern drahtlosen Sender festetellt In step (b), the
step of                  und (d) veranlaSt, daB von jedem Sender, fOr den
(bl) In response to each received second con-   eine
Obertragungsbeelntrachtigung festgestelit trol signal In step (a2)
Indicating that a trans-  worden Ist, Obertragene Informatlonspakete mit 



mitter Is active and has a packet of informa-   elner Obertragungsrate
Gbertragen werden, die tion to be sent, sequentially transmitting third  45
zur Verringerung der festgesteilten Obertra- control signals (TS,) to the
active transmitters  gungsbeeintrichtigung ausrelcht, und for causing the
packet of Information to be     daB der zentrale Knoten eine Elnrlchtung
(32-34) sent by the transmitter for routing by the can-  aufwelst, die (a)
Informationspakete von der Vlel- tral node to a destined userof the packet
of In-  zahl von Sendern aufnimmtund (b) die Pakete zu formation.
60      festgelegten Benutzern der Pakete zugeordne- ten Empfangern fiber
eine verdrahtete oder 9. A method according to claim 7 or 8 comprising
drahtlose Verbindung erneut aussendet. In step (c) the substeps of (c)
detecting at the central node that a pack-  2. Netzwerk nach Anspruch 1,
bel dem die Emp- et of Information was received from a trans-  5s  fangs-
und die Neuaussendungselnrichtung ei- mitter with a bit error rate that Is
more than a  nen Hochgechwindigkeltsbus (38,37) zur Welter- predetermined
value,                            leltung von InformatIonspaketen von der
Visizahl (c2) transmitting a subsequent control signal   von Sendern auf
elner Zeltmultiplexbasis sowle 7    13                 EP0281 334 B1
14      *    C   L       M     S    * sine Vleizahl von
Netzwerk-Schnittesllenelnhel-   die Empfangs- und Neuaussendungseinrichtung
ten (NIUs) (32-34) aufwelst, wobeijede NIU elner  sine Einrichtung
aufwelst, die festateilt, daM sin getrennten Untbrgruppe mit *inem oder
mehre-      Informationspaket von einem Sender mit einer ren Sendern
zugeordnet und mit den Sendern        Bitfehlerrate gr6Ber als sin
vorbestimmter Wort der getrennten Untergruppe fber sine drahtlose   6
empfangen worden lt und sin getrenntes Verbindungselnrichtung odor
getrennte, verdrah-   Obertragungsbeeintrlchtigungs-Steuersignai tote
Verbindungen zur Aufnahme der Informatl-     erzeugt, und bel dem
Prozessoreinrichtung unter onspakete von der zugeordneten Untergruppe
Ansprechen auf sin Obertragungsbeeintrachti- von Sendern sowle zur
Obertragung Jedes Pa-       gungs-Steuersignal von der Empfangsund Neu-
kets Ober den Hochgeschwindigkeltsbus wah-  10    aussendungseinrichtung
sin  nachfolgendes rend elner frelen Zeitlagenperiode zu der NIU
Steuersignal an den Sender Obertragt, ffir den e.- verbunden let, die elnem
zum Empfang des Infor-   ne Obertragungsbeeintrgchtigung festgestellt
matlonspakets vorgesehenen Benutzer zuge-         worden let, urn den
Sender zu veranlassen, das ordnet lat.
Informationspaket unter Anwendung sines vorbe- 16     stimmten
Ressourcen-Tellungsverfahrens nou 3. Netzwerk nach Anspruch 2 mit
wenigstene elnem      auszusonden. Konzentrator (20,21), der oder von denen
jeder zwlechen elner getrennten Untbrgruppe der Vlel-  6. Netzwerk nach
elnem der vorhergehenden An- zahl von Sendern und elner vorbostimmton NIU
sprOche, bel dem die Empfangs- und Neuaussen- angeordnet let, wobel der
bzw. jeder Konzentra-  20  dungseinrichtung Diversety-Antennen besitzt, die
tor sine Vieizahl von Benutzer-Sohnittstollenmo-  den drahtlosen
Verbindungen zugeordnet sind. dulen (UIM) (22,23) aufweist und jedes UIM
Du- plexfbertragungen mit elnen getronnten Tell der  7. Verfahren zur
Obertragung von Informationen dliesern Konzentratorzugeordneten Untergruppe
zwIschen einerVieizahl von Sendern (10-19) und von Sendern bereltstellt,
wobel wenIgsten elner  25  einem zentralen Knoten (30), der sine Prozessor-
der Untergruppenteile mit Ihrem UIM Ober sine     einrichtung (35)
aufwelst, Ober sine vordrahtbte getrennte drahtlose Verbindung In
Nachrichten-    oder drahtlose Verbindung wahrend elner Rah- verbindung
steht, sin Verbindungaisitungemodul    menperiode In elnem
Breltband-Paketfbertra- (25) zur Bereitetellung von Duplexfbertragungen
gungsnetzwerk, wobel jeder Sender elnem ge- zwlschen den UlMs des
Konzentrators und der  30   trennten Benutzer oder einer getrenntbn Gruppe
vorbestimmten, zugeordneten NIU der Vleizahl      von Benutzern zugeordnet
Ist, mit den Verfah- von NiUs Im zentralen Knoten auf elner Zeltmul-
renaschritten: tiplexbssia vorgesehen let, sowls sin Bus (29,       a) die
Prozessoreinrichtung bestimmt die Pa- 29b) zur Obertragung von
Informationspaketen         ketfbertragungsanforderungen jedes Sen-
zwIschen der Vieizahl von UlMs des Konzentra-  35    ders, der mit dem
zentralen Knoten wahrend tore und dom Verblndungeleltungemodul auf ei-
siner ersten Unterperiode Jeder Rahmenpe- ner Zeltmultiplexbasis.
rlode In Nachrichtenverbindung steht, und b) sin drahtloser Sender, ffir
den belm Schritt 4. Netzwerk nach Anspruch 1, 2 oder 3, bel dem die      a)
Obertragungsanforderungen fostgestellt ;--'~    Prozessoreinrichtung sine
Elnrichtung aufwelst,  40  worden Ist, wird veranlaet, seine Informati- 



die unter Ansprechen auf den Beginn elner Rah-       onspaketebwhrend
elnergetrenntbn, zwelten menperilode (a) sequentiell orate Steuersignale
Unterperiode jeder Rahmenperlode zu Ober- (PI) zu jedem der Vieizahl von
Sendern auseen-       tragen, gekennzeichnet durch die Schritte: det und
sequentloil zwelbt Steuersignale (R von      c) die Prozessoreinrichtung
stelltwahrend der den Sendern empfingt, die anzeigen, ob bel e1-  48
ersten und/oder zweIln Unterperlode jeder nem Sender sin Informationspaket
wahrend der         Rahmenperiodse OBertragungsbeeintrachti- Rahmenperiode
auszusenden let oder nicht, und        gungen In Verbindung mit Jedem
drahtlosen die (b) unter Ansprechen auf Jedes empfangene,       Sender
fest, und zwelte Steuersignal, das anzeigt, dae sin Sender     d) die
Prozessoreinrichtung veranlaSt, daB In- aktiv lot und sin auszusendendes
Informations-  5o   formationspakete, die von jedem  Sender paket aufweist,
sequentisil dritte Steuersignale     Obertragen werden, fOr den belm
Schritt c)0e- (TS,) zu den aktiven Sendern Obertrngt, um die       ne
Obertragungsbeeintrfchtigung  festge- Aussendung des Infolmationspakets
durch den          stllt worden let, mit einer Obertragungsrato Sender und
sine Obertragung zu dem angegebe-         Obertragen werden, die zur
Verringerung der nen Benutzer des Informatbonspakets durch den  55
festgosbtlibtn Obertragungsbeeintrgchtigung zentralen Knoton zu
veranlassen.                     ausrelcht. 5. Netzwerk nach Anspruch 1, 2,
3 odor 4, bel dem  S. Verfahren nach Anspruch 7 mit 8    15
EP0281334B1                     16     C     L     M     S   * den
Unterschritten Im Schritt a)                   noeud  central  par
l'intermediaire  d'une al) die Prozessoreinrichtung lbertragt se-
connexion sans fil durant une promlbre sous- quentiell erste Stbuersignale
(PI) zu jedem der  periode de chaque p6riode de trame, et (b) forcer
Visizahi von Sendern und                        chaque emettbur sans fil
d~termin6 comma a2) sequentielles Empfangen zweibtr Steuer-   5  ayant une
exigence de transmission de paquets signals (R) von der Vieizahi von
Sendern, die   A transmettre ses paquets d'informations durant anzelgen, ob
bel einem Sender sin Informati-    une seconde sous-periode de temps
distincte de onspaket wthrend der Rahmenperlode zu           chaque periode
de trame, CARACTERISE EN Oibertragen Ist, und mit dem Unterschritt beim  CE
QUE le moyen de processeur sort aussi b (c) Schritt b)
10      dhtecter durant les premiere et/ou seconde sous- b1) unter
Ansprechen aufJedes empfangene,       periodes de chaque p6riode de trame
des d6gra- zweite Steuersignal belm Schritt (a2) anzel-    dations de
transmission assocl6es A chaque gen, daB sin Sender aktiv lst und sin
auszu-    dmettoursansfil, et (d)forcerla transmission des sendendes
Informationspaket bssitzt, sowie      paquets d'informatlons tranamis a
partir de cha- sequentlelles Ubertragen dritprSteuersigna-  t6  que
6metteur dbtermin6 comme ayant une de- le (TS,) zu den aktiven Sendern, um
zu veran-   gradation de transmission A une vitosse de trans- lassen, dao
des durch den Sender auszusen-      mission suffisante pour amoindrir la
degradation dende Informationspaketdurch den zentralen     de transmission
d6termin6e, et le noeud central Knoten zu einern vorgesehenen Benutzer des
comprend un moyen (32-34) pour (a) recevoirdes Informationspakets gef0hrt
wird.        20      paquets d'informations provenant de la pluralilt6
d6metteurs, et (b) retransmettre les paquets 9. Verfahren nach Anspruch 7
odor 8 mit den Unter-    vers les recopteurs associ6s aux utillsateurs pre-
schritten belm Schritt c)                          vus des paquets
d'Informations par l'interm6diai- c1) Feetetelien im zentralen Knoten, dae
sin    re d'une connexion cabI6e ou sans fil appropri6e. Informationspaket
von elnem Sender ml elner  25 Bitfehlerrate empfangen worden lst, die gr6-
2. R6seau selon la revendication 1, dens lequel le (er Ist als sin
vorbestimmter Wart,             moyen de r6ceptbon et retransmission
comprend c2) unter Ansprechen auf die Festatellung ei-   un bus haute
vitesse (36,37) pour propager lea ner Bitfohlorrate groSer ale sin
vorbestimmter  paquets d'informations provenant de la piuralite Wert gemni
Schritt c1) Obertragen sines  30    demetteurs solon un principe de
multiplexage nachfolgenden Steuersignals an den Sender,      temporol, et
une pluralit6 dunites d'interface de fOr den esne
Ubertragungsbeeintrgchtigung       r6seau (NIU) (32-34), chaque NIU 6tant
associde festgestellt worden ist, und                    A un sous-groupe
distinct d'un ou piusieurs de la c3) unter Ansprechen auf des belm Schritt
c2)   pluralite d6metteurs, et connect6e aux emet- Obertragene,
nachfolgende  Steuersignal  35    tours du sous-groupe distinct par
l'intbrm6dialre Obertragt sin Sender mit einer Obertragungs-    d'une
iaison de communication sans fil ou de beeintrAchtigung das
Informatlonspaket mit      connexions cabl6es distinctes pour recevoir les
einer langsameren Obertragungsrate unter        paquets d'informations
provenant du sous- 



Anwendung vorbestimmtor Ressourcen-Tel-         groups associ6 d'bmetteurs
at transmettre cha- lungsverfahren neu, derart, daB daes .Inform-  40  quo
paquet sur le bus haute vitesse durant une tionspaket im zentralen Knoten
mit olner Bit-   p6riode de tranche de tamps libre vers Ia NIU as-
fehlerrate unterhalb des vorbestimmton War-     soci6e a un utilisateur
devant recevoir le paquet tea empfangen wird.
d'informatlons. 45  3. R6seau selon la revendication 2, comprenant au
Revondlcations                                        momns un
concentratbur (20,21), le ou chaque concentrateur btant dispos6 entre un
sous- 1. R6seau de communications par paquets a large       groups distinct
de la pluralitb d'emetteurs et une bands comprenant une pluralit6
d6mettturs (10-     NIU prad6termin6e de la pluralite de NIU, le ou 19),
chaque emettbur etant asaocI  A un utillsea-  co  chaque concentratbur
comprenant une pluralitb tour ou groups d'utilisateurs distinct pour trans-
de modules dointerface d'utillsatbur (UIM) mettre des paquets
d'informations, et un noeud     (22,23), chaque UIM assurant des communica-
central (30) pour communiquer avec chacun          tions duplex avec une
partle distincte du sous- d'une pluralit6 d'6metteurs par I'interm6dialre
groups dhmettours associ6 A ce concontratbur, d'une connexion cAbI6e ou
sans fil et comprenant  us  ob au moins une des parties du sous-groups un
moyen de processeur (35) pour (a) dbterminer    communique avec son UIM par
l'intrm6diaire des exigences de transmission de paquets asso-     d'une
liaison sans fil distincte, un module dejono- ci6es a chaque bmettbur
communiquant avec le      tion (25) pour assurer des communications du- 9
17                 EP 0 281 334 B1                 18        11111111111
11111111111111111111111 plex entre les UIM du concentrateur et la NIU as-
ge bands, chaque emetteur etant ossoclI A un socl6e priditerminie de la
pluralits do NIU dans  utilsatourou groups d'utillsatsurs distinct, la me-
le nosud central solon un principe ds multiplexa-  thode comprenant les
Mtapes de go temporsl, et un bus (29,, 29b) pour propeger      (a)
debtrmination par Is moyen de processeur des paquets d'informations entre
la pluralte   6     des exigenoes de transmission de paquets de d'UIM du
concentrateur et le module de Jonction      chaque emettbur communiquant
evoc le selon un principe de multiplexage temporsl.          nosud central
durant une premiere sous- periode de chaque periode de trams, et 4. R6seau
salon Ia revendication 1, 2 ou 3, dons le-    (b) forgage d'un emottbursans
fil ditermin6 a quei ie moyen de processeur comprend un   10
I'etaps (a) comme ayant des exigences de moyen sensible au commencement
d'une perio-          transmission de paquets, a transmettre sos de de
trams pour (a) onvoyor siquentiellement        paquets d'lnformations
durant une seconds des premiers signaux de commando (P) A cha-
sous-perlode de temps distincte de chaque cun de Ia pluralite d'metteurs et
recovoir se-       periode de trams, quentioltement des deuxlbmes signaux
de   15              CARACTERISEE PAR commands (RI) provenant des emetteurs
Indl-          (c) Is ditection par le moyen de processeur, quant si oul ou
non un emetteur a un paquet d'in-    durant les premlere etlou seconde
sous- formations A transmettre durant la perlode de tra-   piriodes de
chaque periode de tram., de de- me, et (b) en reponse a chaque deuxilme
signal       gradations de transmission assoolies A ohs- de commando recu
Indiquant qu'un emetteur est  20    quo emettbur sans fil, ot actif et a un
paquet d'imformations a envoyer,       (d) forcage par le moyen de
processeur de la transmettre sequentlellement des trobslemes sl-
transmission des paquets d'informations gnaux de commando (TS3 aux
emetteurs mctifs          tranemis A partirde chaque emettour determi- pour
forcer I'envol du paquet d'lnformatlons par     ne comme ayant une
digradation de trans- 'emetteur pour son acheminoment par le noeud   25
mission A l'Itape (c) a une vitbsse de trans- central vers un utilsateur
prevu du paquet d'On-     mission suffisante pour amoindrir Ia digrada-
formations.                                          tion de transmission
dteormin6e. 5. Reseau solon la revendication 1, 2, 3 ou 4, dans  8. Methode
selon la revendication 7, comprenant lequel le moyen de reception et
retransmission   3o     A l'etape (a) les sous-etapes de comprend un moyen
pour ditecter qu'un paquet         (al) transmission sequentielle par le
moyen d'informations a ete recu d'un imettbur avec un      de processeur de
premiers signaux de taux d'erreur sur les bits qui set superleur A une
commands (PI) A chacun de la pluralite valeur pridteorminie, et pour
ginirer un signal      d'emettburs, et de commando de degradation de
transmission   35      (a2) reception sequentlelle de deuxiemes si-
distinct, et le moyen de processeur sot sensible     gnaux de commando (RN
provenant dole piu- A un signal de commande de degradation de
ralite d'emetteurs Indlquant sl oul ou non un 



transmission provenantdu moyen de reception et       emettbur a un paquet
d'informatbons a trans- retransmission pour transmettre un signal de
mettre durant la periode de trams, et commands subsequent A l'emetteur
ditectb  40              A l'tape (b), I'etaps de comme ayant une
degradation de transmission          (b1) en reponse A chaque deuxleme
signal de pour forcer I'emetteur A retransmettre le paquet     commands
recu A 'etape (a2) Indlquant qu'un d'informations A un dibit plus lent en
utilisant une  emettbur esat actif et a un paquet d'lnforma- technique de
partage de ressources priditermi-      tions A envoyer, transmission
siquentielle de nee.                                      46
troleinmes signaux de commando (TS,) aux emetteurs actifs pour forcer
I'envol du paquet 6  Reseau solon i'une queiconque des revendlca-
d'informations par I'emettbur pour son ache- tions precedentbs, dans lequel
Is moyen de re-       minement par le noeud central vera un utillsa-
coption et retransmission comprend des anten-        tour prevu du paquet
d'informatlons. nes de reception en diversit6 assoclies aux   50 connexions
sans fil.                           9. Methode solon la revendication 7 ou
8, compre- nant 7. Mbthode de transmission d'lnformatlons entre
A l'etape (c) les sous-etapes de une pluralte d'bmettburs (10-19) et un
noeud         (c1) ditection au niveau du noeud central central (30),
comprenent un moyen de proces-  65     qu'un paquet d'informations a ete
recu d'un seur (35), per l'Intermdialre d'une connexion ca-    emettbur
avec un taux d'erreur sur lee bits qul blee ou sans fil durant une periode
de tram. dens    est supbrlour A une velour predetorminhe, un reseau de
communications par paquots a lar-       (c2) transmission d'un signal de
commande 10    19                  EP 0 281 334B1                   20
11111111111111111 subsbquent A l'emettur d6tecte comme ayant une
degradation de transmission en re- ponse b la detection d'un taux d'erreur
sur los bits sup6rieur A une valeur pr6detormin6e A I'etape (c1), et
5 (c3) retransmissIon par un 6mettour ayant uns degradation de transmission
sensible au signal de commande subse6quent transmis A I'etape (c2) du
paquot d'informations a une vi- tesse do transmission plus lento en
utillsant  to une technique de partage de ressourcoes pr6- d6termin6e de
sorte quo le paquet d'informa- tions set recu au noeud central avec un bit
d'erreurs sur les bits Inf6.leur A le valour pr6- detormin6e.
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