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(57) ABSTRACT 

A radio base station in a Fixed Wireless Access System 
broadcasts doWnlink data packets, each packet being trans 
mitted on a single logical channel. A plurality of network 
subscribers in a sector may be members of a user group, each 
user group con?gured to receive and transmit packets trans 
ferred on a speci?c single logical channel only. Packets 
include a destination address Which speci?es a member of 
the user group. The packets include a token Which speci?es 
Which user group member may transmit uplink data to the 
base station on the neXt frame. Logical channels are yielded 
for use by circuit switched traf?c When required. 
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ASYMMETRIC INTERNET ACCESS OVER FIXED 
WIRELESS ACCESS 

FIELD OF THE INVENTION 

[0001] The present invention relates to telecommunica 
tions networks and particularly, although not exclusively, to 
communicating packet data in Fixed Wireless Access (FWA) 
netWorks. 

BACKGROUND TO THE INVENTION 

[0002] In a ?xed Wireless access (FWA) telecommunica 
tions system, subscribers are connected to a backbone tele 
communications netWork by means of radio links in place of 
traditional copper Wires. Each of a plurality of subscribers is 
provided With a subscriber radio terminal. A plurality of 
subscriber radio terminals of a plurality of subscribers 
premises communicate With a base station Which provides 
cellular coverage, typically in urban environments over a 5 
km radius. Each base station may be connected to a Public 
SWitched Telecommunications NetWork (PSTN) sWitch via 
a conventional transmission link, knoWn as a backhaul link. 
A number of potential subscribers sites in a base stations’ 
area of transmission can be of the order of several thousands. 
A single base station can serve up to several thousand 
subscribers, making the installation and maintenance cost of 
a ?xed Wireless access system loWer than that of an equiva 
lent copper Wire access netWork. 

[0003] Referring to FIG. 1 herein, there is illustrated a 
prior art ?xed Wireless access system. A plurality of sub 
scriber radio terminals 100 each comprising a transceiver 
101 and an antenna 102, part of a residential subscriber 
system (RSS) installed at a subscriber’s premises, commu 
nicate With a radio base station 103 having a base station 
antenna 104 and a base station transceiver apparatus 105. A 
plurality of such radio base stations 103 each communicate 
With a central of?ce sWitch 106 to gain access to a backbone 
telecommunications netWork 111, eg a Public SWitched 
Telephone NetWork (PSTN) or an Integrated Services Digi 
tal NetWork (ISDN). In a geographical area, each base 
station 103 is connected to a local exchange sWitch 106 via 
a backhaul transmission line 107 Which may comprise for 
example a terrestrial line eg ?ber optic cable or coaxial 
cable, or a microWave transmission link. Communication 
betWeen the subscriber radio terminal and the base station is 
via a Wireless radio link 108. Each local Wireless link 108 
betWeen radio base station 103 and subscriber radio terminal 
100 comprises an uplink beam from the subscriber trans 
ceiver and antenna to the radio base station, and a doWnlink 
beam transmitting from the radio base station antenna and 
transceiver to the subscriber antenna and transceiver. Equal 
spectrum of frequency slots are allocated for uplink and 
doWnlink according to a frequency division duplex scheme, 
in Which a ?rst frequency of a frequency pair is allocated for 
uplink transmission and a second frequency of the frequency 
pair is allocated for doWnlink transmission. 

[0004] Conventional ?xed Wireless access systems are 
narroW band systems Which are mainly designed for pro 
viding narroW band circuit sWitched telecommunications 
services such as telephony, fax or modem. On the other 
hand, With increased penetration of personal computers into 
domestic residential markets, access to Internet services is 
increasingly demanded by subscribers. Thus, it is desirable 
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for subscribers to a FWA system to be able to connect their 
Personal Computers (PCs) 109 to their RSSs for accessing 
the Internet rather than require a conventional Wire based 
communications netWork line to be installed at their pre 
mises. The most popular Internet services include World 
Wide Web services and doWnloading of ?les. In particular, 
subscribers are increasingly making use of Internet services 
doWnloaded from Internet service providers. Internet access 
traffic is characteriZed as being highly asymmetric in the 
transfer of data as betWeen a subscriber and an Internet 
service provider. This results in a signi?cant difference in 
data rate in one direction on a subscriber line compared With 
another, appropriate direction. Internet access also has the 
characteristic of having a relatively long holding time. For 
example, a World Wide Web session may last for 
a feW hours. 

[0005] For example, a dominant Internet access traf?c 
type in the residential subscriber market is generated by Web 
broWsing. Typical ?gures on an average doWnload on a page 
of data by a subscriber is around 50 kBytes, and some 
estimates project an increase of this ?gure to around 150 
kBytes by the year 2000. Assuming subscribers Will tolerate 
a 6 second Waiting time during the page doWnload, a peak 
data rate for doWnload of Web broWsing data over a ?xed 
Wireless access link is of the order of 64 kbits/s increasing 
to around 192 kbits/s by the year 2000. After page doWnload, 
subscribers typically take time to study the information 
doWnloaded. Estimates of an average time for such study is 
around 24 seconds, giving an average data rate on a ?xed 
Wireless access doWnlink of around 13 kbits/s, estimated to 
increase to around 39 kbits/s by the year 2000. 

[0006] HoWever, on an uplink, data sent from a subscriber 
to an Internet service provider is typically very light com 
pared to the data doWnloaded from the Internet service 
provider. An approximate estimate of uplink loading 
requirement is that the uplink loading is typically around one 
tenth of the doWnlink loading for Internet services, ie one 
subscriber Will produce a peak uplink rate of around 6.4 
kbits/s (increasing to 19.2 kbits/s by the year 2000) and an 
average data rate of 1.3 kbits/s (increasing to 3.9 kbits/s by 
the year 2000). 

[0007] Whilst conventional ?xed access Wireless systems 
may be efficient for services, eg voice data, having a 
relatively balanced data rate in each direction, maintaining 
a circuit sWitched connection over a ?xed Wireless access 

link for services having an asymmetry of data rate as 
betWeen different directions of a subscriber link is inef?cient 
use of available Wireless link bandWidth. 

[0008] FIG. 2 of the accompanying draWings schemati 
cally illustrates a prior art uplink transmission from RSS 
antenna 102 to radio base station 103. The uplink transmis 
sion 201 comprises a sequence of timeslots, each lasting 
approximately 300 microseconds. A ?rst timeslot 202 of 
transmission 201 comprises an uplink transmission from 
subscriber to the base station. Timeslot 203, immediately 
folloWing timeslot 202, Would usually represent a pause in 
the transmission by the the subscriber Whilst the base station 
receives data transmitted in timeslot 202. Timeslot 204, 
Which immediately folloWs timeslot 203, usually represents 
a gap When the RSS is still unable to make a doWnlink 
transmission to the subscriber RSS. Timeslot 205, Which 
immediately folloWs timeslot 204, represents a second 
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timeslot When the radio base station is able to make a 
doWnlink transmission to the subscriber RSS. Thus, each 
doWnlink transmission timeslot is separated by tWo inter 
mediate timeslots. 

[0009] Gap timeslot 204 represents a delay When the RSS 
may change the carrier frequency Which it uses to transmit 
to the base station. Other procedures may also be executed 
by the RSS during timeslot 204 and other subscriber termi 
nals may communicate With the base station. The gap may 
also exist in order to allow a transmit timeslot 205 (imme 
diately following timeslot 204) to be time aligned With other 
transmissions, ie to attempt to ensure that all transmissions 
to the radio base station arrive at the same time. 

[0010] In addition to data transfer relating to internet 
services being asymmetric, ie, considerably more data being 
transmitted on the doWnlink than on the uplink as discussed 
herein above, the data transferred can be of a bursty nature, 
thus the data is transmitted intermittently, compared With, 
for example, voice data Which tends to be continuous. The 
continuous nature of circa sWitch data, such as voice, means 
that it is undesirable for the RSS to change the carrier 
frequency Which results in gaps, such as timeslots 204. 
HoWever, for package sWitch data, the constraints of main 
taining continuous data transfer is not present, therefore, it 
is more acceptable for the RSS to change carrier frequency 
more frequently, because the bursty nature of the data 
transferred alloWs a training sequence to take place during 
the gaps in data transfer. 

[0011] In general, each subscriber RSS Will experience 
different propagation characteristics over its uplink/doWn 
link air interface. The radio base station transmits on the 
doWnlink over a plurality of doWnlink frequencies. Each 
doWnlink frequency is divided into a plurality of timeslots. 
It may not be possible for each subscriber RSS to commu 
nicate on all of the doWnlink frequencies offered by the radio 
base station. Individual subscriber RSSs may be restricted to 
a selection of a feW of the doWnlink frequencies available. 
As bearer timeslots on preferred doWnlink frequencies 
become occupied by communications, it is inefficient to 
place an existing circuit sWitched connection onto a different 
bearer timeslot on a different carrier frequency. The reason 
for this inef?ciency is that every time a circuit sWitched 
connection is moved from one to bearer timeslot to another 
bearer timeslot, there is a relatively long training sequence 
required for transfer of that circuit sWitched connection 
betWeen different bearer timeslots. Thus, consecutive bearer 
timeslots carrying a circuit sWitched connection must be at 
least tWo intermediate timeslots apart to alloW transfer of a 
circuit sWitched connection from one bearer timeslot to 
another bearer timeslot. For example, a circuit sWitched 
connection on a frequency division duplex pair may carry a 
?rst 500 ps timeslot for transmit on the uplink, and then 
receive a second 500 gs timeslot on the doWnlink, before 
proceeding to transmit a third 500 ps timeslot on the uplink 
folloWed by a fourth 500 gs timeslot on the doWnlink, and 
so on throughout the duration of a circuit sWitched connec 
tion. For a change of carrier frequency, there must be an 
interruption in communication, since changing the circuit 
sWitch connection from one frequency to another takes 
longer than 1000 us, meaning that a transmit timeslot or a 
received timeslot must be omitted in the communication. 
Since data carried on circuit sWitch connections, eg voice 
data is more susceptible to interruptions than packet 
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sWitched data, to avoid degradation of grade of service, it is 
more ef?cient once the circuit sWitched connection is set up, 
to retain that circuit sWitched connection on a same bearer 
timeslot on a same carrier frequency. HoWever, packet 
sWitched data may tolerate higher levels of delay, due to the 
bursty nature of data transfer and also since the packet 
sWitched data may be completely retransmitted if necessary, 
it is not as delay sensitive as circuit sWitched traffic (eg voice 
data) in general. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to provide 
ef?cient packet sWitched data transfer for subscribers to a 
FWA netWork. This may be achieved by taking advantage of 
the asymmetric and bursty nature of data transfer resulting 
from use of services such as internet access. 

[0013] A further object of the present invention is to 
provide a bandWidth on demand data packet transfer system 
over a FWA netWork. 

[0014] Preferably, a group of users in a cell transmitted to 
by a radio base station share a common logical channel on 
a frame by frame basis Which can be yielded to circuit 
sWitched traf?c When there are feW or no more spare air side 
logical channels available for the circuit sWitched data. 
Logical channel sharing is preferably provided in the form 
of closed user groups Wherein each user of the user group is 
required to register and join the group before using the 
shared logical channel. Preferably, a user group forms a 
virtual pipe over an air interface and data packet at both ends 
of the air interface may be dynamically routed or sWitched 
along a number of parallel user groups. Preferably, the 
system can be added to an existing knoWn air interface 
protocol. The system may take advantage of a broadcast 
nature of doWnlink transmissions from a radio base station 
so that several subscribers belonging to a closed user group 
may listen to the same logical channel and, using a token 
mechanism, a user Who may make an uplink transmission on 
a next frame may be decided. 

[0015] According to one aspect of the present invention 
there is provided a communications apparatus for transfer 
ring packet sWitched data said apparatus comprising: 

[0016] a radio base station capable of transmitting doWn 
link data packets each said data packet being transferred in 
a speci?ed single timeslot replicating over a plurality of time 
frames; and 

[0017] at least one netWork subscriber equipment capable 
of receiving said doWnlink data packets; 

[0018] Wherein said subscriber equipments are joined as 
members of at least one user group, each said user group 
con?gured to receive said doWnlink packets in said speci?ed 
single repeating timeslot only. 
[0019] According to a second aspect of the present inven 
tion there is provided a method of communicating packet 
sWitched data comprising the steps of: 

[0020] communicating a doWnlink data packet from a 
radio base station to at least one netWork subscriber equip 

ment, 

[0021] Wherein said netWork subscriber equipment is reg 
istered as a member of a user group, said user group 
con?gured to receive said doWnlink packets in a speci?c 
single timeslot only. 
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[0022] According to a third aspect of the present invention 
there is provided a method of communicating packet 
sWitched data over a Wireless link, said method comprising 
the steps: 

[0023] registering at least one subscriber lines for receipt 
of said packet sWitched data on a doWnlink channel of said 
Wireless link; and 

[0024] communicating said packet sWitched data on said 
doWnlink channel; 

[0025] Wherein said doWnlink packet sWitched data carries 
an address of a group of registered said subscriber lines, for 
Which said data is intended. 

[0026] According to a fourth aspect of the present inven 
tion there is provided a method of communicating packet 
sWitched data over a Wireless link, said method comprising 
the steps of: 

[0027] registering at least one subscriber line for receipt of 
said packet sWitched data on a doWnlink channel of said 
Wireless link; 

[0028] allocating a single uplink channel of said Wireless 
link for receipt of packet sWitched data from a group of said 
subscriber lines; 

[0029] transmitting a token data on said doWnlink, said 
token data indicating Which of said registered subscriber 
lines has authoriZation to transmit on said uplink channel. 

[0030] According to a ?fth aspect of the present invention 
there is provided a method of communicating packet 
sWitched data over a Wireless link, said method comprising 
the steps of: 

[0031] receiving packet sWitched data on a doWnlink 
channel of said Wireless link, said doWnlink channel allo 
cated for receipt by a group of subscriber lines; 

[0032] receiving a token data indicating authoriZation to 
transmit packet sWitched data on an allocated uplink chan 
nel; and 

[0033] transmitting said packet sWitched data on said 
allocated uplink channel. 

[0034] According to a siXth aspect of the present invention 
there is provided a method of registering a plurality of users 
of a communications netWork for receipt of packet sWitched 
data services over a Wireless link, said method comprising 
the steps of: 

[0035] receiving a registration request from a said netWork 
user; 

[0036] in response to said registration request, allocating a 
user identi?cation data to said user; 

[0037] 
[0038] allocating at least one logical communications 
channel to said user. 

allocating an identi?cation data to said user; and 

[0039] According to a seventh aspect of the present inven 
tion there is provided in a communications netWork oper 
ating a Wireless link for communicating packet sWitched 
data to a netWork user of at least one channel of a plurality 
of channels, a method of re-synchroniZing a user With a said 
channel to Which said user has been previously assigned, 
said method comprising the steps of: 
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[0040] determining if said user is already assigned to a 
said logical channel; 

[0041] if said user is already assigned to said logical 
channel, retrieving data identifying 

[0042] a user group to Which said user belongs; 

[0043] a logical channel to Which said group is assigned; 

[0044] a physical channel to Which said group is assigned; 
and 

[0045] transmitting said data identifying said user group, 
said logical channel and said physical channel over said 
Wireless link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] For a better understanding of the invention and to 
shoW hoW the same may be carried into effect, there Will 
noW be described by Way of eXample only, speci?c embodi 
ments, methods and processes according to the present 
invention With reference to the accompanying draWings in 
Which: 

[0047] FIG. 3 illustrates schematically a radio base station 
providing air interface coverage for Acell, the cell compris 
ing subscribers forming a user group; 

[0048] FIG. 4 illustrates data Which may be associated 
With the user group illustrated in FIG. 3; 

[0049] FIG. 5 illustrates schematically components of a 
radio base station, a user’s Internet terminal and a residential 
subscriber system connected to a ?rst Internet service pro 
vider over a telecommunications netWork and a second 

Internet service provider connected by a digital leased line; 

[0050] FIG. 6 illustrates schematically protocol stacks 
intended for transferring data betWeen the components of 
FIG. 5 When the telecommunication netWork comprises a 
PSTN; 
[0051] FIG. 7 illustrates schematically protocol stacks 
intended for transferring data betWeen the components of 
FIG. 5 When the telecommunication netWork comprises a 
ISDN; 
[0052] FIG. 8 illustrates schematically protocol stacks 
intended for transferring data betWeen the components of 
FIG. 5 When the Internet service provider is connected by 
means of the digital leased line; 

[0053] FIG. 9 illustrates a format of a doWnlink packet 
data unit used by the preferred embodiment’s Media Access 
Control (MAC) layer protocols shoWn in FIGS. 6 to 8; 

[0054] FIG. 10 illustrates a format of an uplink packet 
data unit used by the preferred embodiment’s MAC layer 
protocols shoWn in FIGS. 6 to 8; 

[0055] FIG. 11 illustrates functional components of the 
preferred embodiment’s MAC layer; 

[0056] FIG. 12 illustrates steps typically executed by the 
functional components illustrated in FIG. 11, including a 
user registration step, a user joins group step, a suspend and 
resume transmission step, a physical channel sWitch step, 
and a group re-synchroniZation step; 

[0057] FIG. 13 details steps executed during the user 
registration step of FIG. 12; 
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[0058] FIG. 14 details steps executing during the user 
joins group step of FIG. 12; 

[0059] FIG. 15 details steps executed during the suspend 
and resume transmission step of FIG. 12; 

[0060] FIG. 16 details steps executing during the physical 
channel sWitch step of FIG. 12; and 

[0061] FIG. 17 details steps executed during the group 
re-synchroniZation step of FIG. 12. 

DETAILED DESCRIPTION OF THE BEST 
MODE FOR CARRYING OUT THE INVENTION 

[0062] There Will noW be described by Way of example the 
best mode contemplated by the inventors for carrying out the 
invention. In the folloWing description numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It Will be apparent hoW 
ever, to one skilled in the art, that the present invention may 
be practiced Without using these speci?c details. In other 
instances, Well knoWn methods and structures have not been 
described in detail so as not to unnecessarily obscure the 
present invention. 

[0063] FIG. 3 of the accompanying draWings illustrates 
schematically part of a Fixed Wireless Access (FWA) tele 
communications netWork in accordance With the preferred 
embodiment. A Radio Base Station (RBS) 301 provides 
cellular coverage, typically in urban environments over a 4 
kilometer radius, to a plurality of subscriber radio terminals. 
The RBS may be connected to a backbone netWork, eg a 
public sWitched telecommunications netWork (PSTN) 
sWitch via a conventional transmission link, knoWn as a 
backhaul link, thereby providing the plurality of subscribers 
With access to the PSTN. A single base station may serve 
several thousand subscribers. Communication betWeen a 
subscriber’s NetWork Terminal Equipment (NTE) and its 
corresponding RBS is via a local Wireless Radio Frequency 
(RF) link using a knoWn Air Interface Protocol Each 
local Wireless link betWeen a RBS and a subscriber’s NTE 
comprises an uplink from a subscriber antenna, part of a 
Residential Subscriber System (RSS) installed at the sub 
scriber’s premises, to the RBS antenna, and a doWnlink 
transmitting from the RBS to the subscriber’s RSS. DoWn 
link beam coverage is provided in a nominally hexagonal 
cellular pattern. Each RBS operates either an omni-direc 
tional beam or a plurality of broad sectoriZed beams encom 
passing all subscribers in a cell or sector for receive and 
transmit, Whereas each subscriber’s RSS may operate a 
directional pencil beam directed at the RBS for receiving 
and transmitting. 

[0064] In FIG. 3, RBS 301 provides coverage for A cell 
303. Cell 303 may be divided into sectors, for example 3 
sectors each covering a 120 degree portion of the cell. It 
Would be appreciated by those skilled in the art that other 
common con?gurations of cellular transmission may be 
used, for example, tri-cellular. According to the preferred 
embodiment, each timeslot in the RBS’s doWnlink beam 
comprises a logical channel. A logical channel may be 
transmitted betWeen RBS and subscriber’s RSS on a speci?c 
carrier frequency (Which may be called a “physical chan 
nel”). A logical channel transmitted to/from RBS 301 from/ 
to a subscriber RSS may be uniquely identi?ed by a logical 
channel identi?cation data. Each logical channel is intended 
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to be shared by a group of subscribers’ RSS each of Which 
are connected to Internet terminals Which have been regis 
tered as users. In a group of registered users, each user’s 
RSS preferably includes a line intended for use With a NTE 
such as a telephone handset or fax and also a line intended 
for use With an Internet terminal such as a modem attached 
to a Personal Computer (PC) 109. A group of registered 
users Which share a speci?c logical channel transmitted 
to/from RBS 301 may comprise up to four subscribers 
Whose premises are all located in the same cell, 303, covered 
by RBS 301. If the cell is sectorised, the members of the user 
group may be located in a single sector of the cell. In the 
example shoWn in FIG. 3, the RBS’s user group Which share 
a single logical channel transmitted to/from RBS 301 
includes subscribers 305, 306, 307 and 308 in cell 303. The 
user group may be called a “closed” user group as data 
transferred on the group’s shared logical channel is not 
intended to be listened to by any other users and preferably 
up to a maximum of four users must be registered users Who 
have joined as members of the group before sharing the 
logical channel. Members of a closed user group may be 
given a passWord in order to join the group, thereby improv 
ing security. 

[0065] Preferably, each doWnlink PDU broadcast on the 
shared logical channel during a single frame by RBS 301 to 
subscribers 305-308 includes data representing a token. The 
token comprises a code denoting Which of the subscribers 
305-308 may use the uplink transmission to transfer data to 
RBS 301 in a next frame. Preferably, RBS 301 and sub 
scribers’ 305-308 RSSs are con?gured such that When the 
logical channel timeslot used by the group is required for 
circuit sWitched data the group suspend their use of the 
shared logical channel in order to give Way to the circuit 
sWitched data. 

[0066] FIG. 4 of the accompanying draWings illustrates 
data Which may be associated With a group of users, such as 
the closed user group illustrated in FIG. 3. Electronic 
signals representing the data may be stored and accessed by 
the user’s RSSs and/or RBS 301. As each user in the group 
is a subscriber of the FWA telecommunications netWork, 
each user’s has a Permanent NTE Identi?er (PNID). The 
PNID is used as a unique identi?er Which is used by the 
netWork operator for billing the customer, etc. A PNID may 
also be used by netWork equipment to route connections to 
a particular subscriber’s NTE, etc. Each user group is given 
a Group Identi?er (GID) Which may be a unique value 
assigned to a group of users sharing a logical channel 
transmitted by a particular RBS. Thus, the GID for all users 
belonging to a particular group Will be identical. Each user 
in the group is also preferably assigned a User Identi?er 
(UID) Which may be a unique identi?er for each user in the 
group. A UID and GID are preferably allocated to a user 
during a user registration process described hereinbeloW. 
Thus, each user in a closed user group may be uniquely 
identi?ed by data representing their GID and UID, as Well 
as their PNID. For example: 

User PNID GID UID 

305 234 2 O 
306 200 2 1 
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-continued 

User PNID GID UID 

307 212 2 2 
308 253 2 3 

[0067] FIG. 5 of the accompanying drawings details sche 
matically components of the FWA system illustrated in FIG. 
3. A RSS 501 may be installed at each of the premises of 
users 305-308. RSS 501 comprises a RF antenna 502 Which 
may be connected to a Residential Transceiver Unit (RTU) 
503. RTU 503 can transmit/receive RF signals to/from 
antenna 502 by using a Radio Modem Unit (RMU) 504. 
RMU 504 can communicate With PPM Application Speci?c 
Integrated Circuit (ASIC) 505. Preferably, circuit sWitched 
traf?c received at antenna 502 is transferred to S/T chip 506. 
Preferably, packet sWitched data is transferred from PPM 
ASIC 505 to Share MOM component 507. Share MOM 
component 507 can communicate data With microprocessor 
508. Preferably, microprocessor 508 executes instructions 
for converting data received at antenna 502 into a form 
suitable for S/T chip 506. The instructions preferably con 
vert data by interfacing betWeen a series of protocols accord 
ing to the preferred embodiments described herein beloW. 

[0068] RSS 501 may also comprise a RSS Board Unit 
(RBU) 509. RBU 509 comprises a S/T chip 510 Which is 
preferably capable of communicating With S/T chip 506 of 
RTU 503. Data is transferred from S/T chip 510 to logic 
component 511. Logic component 511 is capable of routing 
circuit sWitched data to ALM component 512. ALM 512 
may be connected to subscriber NTE equipment suitable for 
circuit sWitched traffic, for example telephone handset 513. 
Logic component 511 preferably transfers packet sWitched 
data to microprocessor 514. Microprocessor 514 preferably 
executes instructions for converting data to/from a format 
compatible With V34 commands according to protocols 
used by the preferred embodiments. Microprocessor 514 
may transfer converted data to V.24 port 515 and receive 
data for conversation from V.24 port 515. V.24 port 515 can 
communicate With the user’s Internet terminal equipment 
109 by means of a V.24 serial interface 529, Which may be 
con?gured to be asynchronous or synchronous. Alterna 
tively, user terminal 109 may communicate With RSS 501 by 
means of a purely digital line. 

[0069] RES 301 comprises an antenna 516. Signals may 
be transferred to/from antenna 516 of the RBS from/to 
antenna 502 of the RSS via a knoWn air interface 530 
preferably using RF links. Antenna 516 is preferably con 
nected to a Transceiver MicroWave Unit (TMU) 517. TMU 
517 preferably communicates With a Packet Data Unit 
(PDU) sWitch component 518 by means of IF/base band 
signals. The PDU sWitch 518 is preferably contained Within 
a Transceiver Processor Module (TPM) 519 of RES 301. 
TPM 519 also comprises digital signal processors 520, 
Which communicate With the PDU sWitch 518 using AI (Air 
Interface) slots. The digital signal processors 520 may 
comprise modems and/or ISDN Terminal Equipment 521. 
The digital signal processors 520 may also be connected to 
microprocessor 522 by means of an Internet Protocol (IP)/ 
Point to Point Protocol (PPP) router 522. Microprocessor 
523 may be used to convert data received at antenna 516 into 
a format suitable for routing across a PSTN, ISDN or digital 
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leased line, for example the knoWn E-l format. Digital 
signal processors 520 preferably transfer data to an E-l 
sWitch 523 by means of Access Node slots. The E-l 
sWitch preferably gives RES 301 access to a backbone 
telecommunications netWork 111, for example a PSTN or an 
ISDN by means of an E-l backhaul cable 525. Packet data 
being transferred to/from RES 301 via telecommunications 
netWork 111 may be received by ISP 110 Which is connected 
to the netWork. ISP 110 may comprise modems for com 
municating data With telecommunications netWork 111 if it 
is a PSTN. ISP 110 may comprise ISDN Terminal Equip 
ment 527 for communicating With telecommunications net 
Work 111 if the netWork is an ISDN by means of S/T or E-l 
signals. Modems 526 and/or ISDN terminal equipment 527 
may be connected to an IP/PPP router 528 of ISP 110. 

[0070] Alternatively, if ISP 110 is connected directly to 
RES 301 by means of a digital leased line 524 (this may be 
the case When ISP 110 is also a telecommunications netWork 
operator), Which typically provides more reliable and faster 
transfer of data betWeen the ISP and the RBS. RES 301 may 
communicate data across the digital leased line 524 to a 
PPP/IP router 528 of ISP 110. 

[0071] An example of operation of the RES 301 and an 
Internet TE 109 connected to a RSS installed for one of 
subscribers 305 to 308 Which has been registered and joined 
as a member of a closed user group for sharing a logical 
channel transmitted by RES 301 may be as folloWs (it Will 
be appreciated that substantially similar operation Will occur 
for all other members of the user group, or for a member of 
any other user group sharing another single logical channel): 
[0072] Amember of the user group Wishing to Web broWse 
may turn on their Internet user terminal 109 and operates 
conventional Web broWse softWare Within the terminal, 
Which generates packet sWitched data. The packet sWitched 
data is sent to and converted by the user’s RSS 501, 
preferably by means of protocol stacks described hereinbe 
loW, into a form Which can be transmitted over the air 
interface. 

[0073] The RSS communicates packet sWitched data, over 
a knoWn uplink access channel eg ALOHA, Which is 
received by RES 301. The uplink transmitted packet 
sWitched data may be for example a service request for 
Internet services provided by Internet service provider 110, 
or alternatively may be a short message, for example an 
e-mail message. The packet sWitched data may share the 
uplink transmission With the normal circuit sWitched con 
nection requests Which are transmitted by an RSS requesting 
bearer slot resources When subscribers Wish to make circuit 
sWitched connections. Since the packet sWitched data shares 
the uplink transmission, and requests for circuit sWitched 
connections also occupy these transmissions, in the best 
mode herein the logical channels transferring packet 
sWitched data are con?gured to yield channel capacity 
typically When no or feW timeslots are available for circuit 
sWitched data (Which may be a preset number of timeslots 
selected to ensure a particular quality of service), giving 
priority to circuit sWitched connection requests in an attempt 
to ensure that circuit sWitched data transfer quality of service 
is of an acceptable level. Similarly, on the doWnlink trans 
mission, the doWnlink transmission is similarly con?gured 
to give priority to circuit sWitched traf?c. 

[0074] In a connectionless netWork service each packet of 
information betWeen a source and destination netWork com 
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ponent travels independently of any other packet. In prac 
tice, FWA networks may be capable of operating in either a 
connectionless or a connection oriented mode. A datagram 
may comprise a self-contained package of data that carries 
enough information to be routed from a source to a desti 
nation netWork component independently of any previous 
and subsequent data exchanges. There may be a probability 
that any datagram may be lost or damaged before reaching 
its destination. 

[0075] Thus, there may be tWo reasons Why connection 
less bearer datagram services are preferred. Firstly, because 
there is an advantage in giving Way to voice traf?c relatively 
rapidly as system capacity is increasingly utiliZed, and 
secondly for achieving a quick reclamation of spare band 
Width When there is spare capacity available. Under some 
circumstances, the radio base station may request a sub 
scriber to give up a timeslot used for packet sWitched data, 
to release that timeslot for circuit sWitched connections, not 
primarily because of lack of capacity in a sector as a Whole, 
but for ease of management of circuit sWitched connections, 
causing as little disruption as possible to circuit sWitched 
services. 

[0076] On the uplink, the connectionless bearer service 
comprises an uplink pilot packet having a relatively long 
training sequence and being self-contained. Because the 
training sequence is relatively long, receipt of the Whole 
packet on the uplink is more likely to be received error-free. 
HoWever, on the doWnlink, conventional Internet Protocol 
(IP) packets are preferably used. 

[0077] On the doWnlink, a doWnlink distribution logical 
channel is listened to continuously by members of the user 
group Who share the logical channel. Data packets are 
broadcast from the radio base station on that doWnlink 
distribution logical channel for all four members of the user 
group. Each user’s RSS may use IP to pick off data packets 
addressed to that particular RSS. Up to 128 doWnlink 
distribution channels may be accommodated, With four 
subscribers listening to each doWnlink distribution channel, 
giving a maXimum capacity of 512 subscribers, assuming no 
yielding to circuit sWitched voice data traf?c. For each sector 
covered by the RBS, a maXimum number of logical channels 
may be 60, each timeslot comprising a logical channel. 
Thus, for each logical channel there is a closed user group 
of up to four subscribers listening to that channel. 

[0078] On the uplink, the four members of the user group 
may share one logical channel. To avoid con?icts of sub 
scribers using a logical channel on the access uplink channel 
simultaneously and thereby colliding, uplink transmission is 
controlled by use of a token. Allocation of the token is made 
by transmission of a token address on the doWnlink. Within 
each logical channel, data packets being broadcast on the 
doWnlink may include a token address Which speci?es 
Which subscriber of the user group sharing the logical 
channel has a right to transmit on the uplink, on a neXt frame. 
This token mechanism is intended to resolve contention of 
access channel resources on the uplink. 

[0079] The service request may be decoded at the RBS 
and recogniZed as being an Internet data service request, 
rather than a connection set-up request. 

[0080] The RBS sends the packet sWitched data to its TPM 
519. The TPM’s microprocessor and IPP/PP router 522 
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preferably contains a database listing RSS identi?cation 
data, and corresponding Internet protocol addresses for user 
terminals at those respective RSSs. The database informa 
tion may be con?gured during provisioning or registration of 
the RSSs, or provisioning or registering of the asymmetric 
packet sWitched data service on existing RSSs. The TPM 
determines from the air interface protocol address received, 
a corresponding Internet Protocol address of a user terminal 
at that RSS, from the database. The TPM may convert the 
received packet sWitched data from a form suitable for 
carrying over the Wireless link to a form Which is recogniZ 
able by Internet service provider 110. The TPM may com 
municate With Internet service provider 110 by a variety of 
mechanisms, depending on con?guration of the RBS. Where 
the RBS is connected to Internet service provider 110 by 
private leased line 524, the request for packet sWitched data 
(an Internet service request) is forWarded directly to Internet 
service provider 110 over the line. Internet service provider 
110 responds by providing packet sWitched Internet data 
services Which are returned over leased line 524 to the RBS 
Which transmits the packet sWitched data via its TMU 517 
over the sectoriZed doWnlink beam on a doWnlink distribu 
tion channel carried on an logical channel as a doWnlink 
carrier frequency. The doWnlink distribution channel is 
received by a plurality of RSSs, including the RSS Which 
originated the packet sWitched data requesting the Internet 
service data. The RSS Which originated the request for 
Internet service data receives the retrieved packet sWitched 
Internet service data and recogniZes that the Internet service 
data is addressed to itself, by virtue of the conventional 
Internet protocol and converts into a form suitable for user 
terminal 109. 

[0081] Alternatively, Where leased line 524 is not used, the 
RBS signals to its E1 sWitch 523 to set up a circuit sWitched 
modem call over E1 line 525 to the Internet service provider 
110 over the communications netWork 111. The packet 
sWitched service request for packet sWitched Internet service 
data is sent from the RBS across the circuit sWitched 
connection to Internet service provider 110. The Internet 
service provider responds by providing Internet service data 
over the circuit sWitched connection Which is received at the 
RBS. On receipt of the packet sWitched Internet service data, 
the RBS forWards this packet sWitched data to its TMU 517 
Which transmits the packet sWitched data (Internet service 
data) on the doWnlink logical channel Which is received by 
the RSS originating the service request. The RSS receives 
the packet sWitched Internet service data and recogniZes that 
data according to the conventional Internet protocol and 
preferably sends it to Internet TE 109 over the V24 line 529. 

[0082] For example, user terminal 109 connected to the 
RSS may have an Internet protocol address 47.10.11.1. 
HoWever, When user terminal 109 sends a request for 
Internet service data (packet sWitched data) to the RSS, this 
information is preferably translated into a PNID, that is to 
say an address Which is recogniZed by the ?Xed Wireless 
access protocols. Additionally, identi?cation data used inter 
nally by the ?Xed Wireless access system may be appended 
to the IP address, for eXample the UID, identifying the 
subscriber, and the GID identifying the user group sharing a 
doWnlink logical channel to Which the user belongs. This 
identi?cation information may be used to distinguish 
betWeen different user terminals attached to a single RSS. 
Thus, the Internet application layer address 47.10.11.1 
Which is understood by Internet service provider 414 is 
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interWorked With address data speci?c to the ?xed Wireless 
access system prior to transmission over the Wireless link on 
the uplink contention access channel. Upon receipt at the 
RBS, the interWorked data is translated into a format Which 
is understandable by Internet service provider 110, prefer 
ably by the RBS’s TPM 519. The TPM may achieve the 
translation through use of a look up table Which maps IP 
address against subscriber lines of the subscriber RSS, 
preferably stored in microprocessor and IP/PPP router 522. 
For example, Where the user terminal has a registered 
internal address. Within the table, there may exist mappings 
betWeen IP address and PNID. For example: 

[0083] 47.11.11.2_234 

[0084] IP address PNID 

[0085] In response to the service request Internet service 
provider 110 issues service data eg Web pages or like 
computer data Which is routed via the backbone netWork 111 
to RES 301. On receipt of the service data, the RBS may 
segregate the Internet service provider’s response service 
data and transfers the data to TMU 517 for transmitting via 
the air interface as packet sWitched data. The service packet 
is transmitted by a sectored doWnlink beam, Which covers an 
area containing several subscribers, eg one of cells 302-304 
Where the user group is located. Although the doWnlink 
packet may be received by several subscribers’ RSSs, only 
the RSS to Which the doWnloaded service data is addressed 
in accordance With IP may decode the service data contacted 
Within the packet. Typically, the amount of service data 
received in response to the service request is signi?cantly 
larger in terms of number of bytes than the number of bytes 
in the service request message. 

[0086] FIG. 6 of the accompanying draWings illustrates 
schematically protocol stack intended for transferring data 
betWeen a user’s Internet terminal equipment 109, RSS 501, 
RES 301 and ISP 110 When netWork 111 comprises a PSTN. 
A protocol stack comprises a set of protocols governing 
information exchange of information betWeen the compo 
nents at a number of layers, and a set of interfaces governing 
exchange betWeen adjacent protocol layers. The protocols 
are intended to exchange information betWeen co-operating 
components, such as those shoWn in FIG. 5, Wherein the 
components usually communicate by passing information 
across a local interface to so-called loWer level protocols 
until a loWest, physical layer is reached. Data is transferred 
from one component to another using the physical layer 
protocol, and then passes upWard via the interfaces until it 
reaches a corresponding level at a destination component. A 
common communications model including layers is the 
ISO/CCITT seven layer reference model. The loWest layer 
of the seven layer reference model is the physical layer. A 
data link layer is a next highest layer of the seven layer 
reference model. AMedia Access Control (MAC) (sub)layer 
may exist betWeen the physical layer and the data link layer. 
A netWork layer is the next highest layer of the seven layer 
reference model. Ahighest layer of the seven layer reference 
model is the application layer. 

[0087] The application layer for user Internet Terminal 
Equipment 109 preferably comprises application softWare 
601, Which is stored as instructions in the PC’s memory and 
executed on its processor. SoftWare 601 may be a World 
Wide Web broWser or e-mail softWare or any other softWare 
application Which may require Internet access. The netWork 
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layer of user NTE 109 may comprise Transmission Control 
Protocol (TCP). TCP is intended to provide error-free deliv 
ery of arbitrarily long messages, knoWn as segments, With 
the data being released to a host system in a same order as 
an original transmission. The error free delivery may be 
achieved by means of a sliding WindoW mechanism. The 
data link layer for the user NTE 109 may comprise IP. IP is 
intended to provide a connectionless datagram service, and 
a managed address structure for data transmission. An IP 
address can take one of four forms, class A to class D, Which 
alWays occupies a total of 32 bits. A ?rst group of bits de?ne 
a class of the address; a second group of bits de?ne an 
identity of a sub-netWork attach to the Internet. A?nal group 
of bits de?ne an address of a host system Within the 
sub-netWork. IP alloWs a long datagram to be fragmented 
into numbered packets, Which can then be transmitted and 
reassembled in their correct sequence at a destination com 
ponent. IP is intended to be used in conjunction With TCP. 
The MAC layer of user NTE 109 may comprise PPP. PPP is 
intended to alloW IP traffic to be handled on a serial line such 
as the V.24 line 529 connecting NTE 109 to RSS 501. The 
physical layer for user NTE 109 may comprise V34 modem 
control protocol of the knoWn Hayes Command Set. The 
V34 commands are Widely used for connecting PCs to 
modems and are used in the preferred embodiment so that 
softWare applications 601 Which require Internet access can 
be used With no or little modi?cation as the present invention 
intends to provide Internet access to user terminal equipment 
over an FWA system as if it Were connected to a conven 

tional Wire based netWork via a conventional modem. V34 
commands of user Internet terminal equipment 109 may be 
transferred to RSS 501 by means of V.24 serial interface 
529. 

[0088] Suitably, the physical layer of RSS 501 also com 
prises the V34 modem control protocol and the physical 
layer protocol of the air interface. The MAC layer of RSS 
501 preferably comprises PPP and the MAC layer protocol 
of the air interface. The MAC layer of RSS 501 may also 
comprise an Internet Wireless Unit (IWU). The IWU may 
also provide an interface betWeen the RSS’s MAC layer and 
its data link layer, its netWork layer and its application layer 
performing certain processes and converting data, including 
data generated and used by the processes, into a form 
readable by various components’ layers. The data link layer 
of RSS 501 may comprise the data link protocol of the air 
interface. The netWork layer of RSS 501 may comprise the 
netWork layer protocol of the air interface. The physical 
layer of RSS 501 preferably communicates With the physical 
layer of RES 301 via air interface 530. 

[0089] The physical layer of RES 301 preferably com 
prises V34 modem control protocol and preferably the 
complete Hayes V34 operation and the physical layer pro 
tocol of the air interface. The MAC layer of RES 301 may 
comprise PPP and the MAC layer protocol of the air 
interface. The MAC layer may also include IWU Which 
provides an interface betWeen the RBS’s MAC layer and its 
data link layer, its netWork layer and its application layer. 
The data link layer of RES 301 preferably comprises IP 
and/or the data link layer protocol of the air interface. The 
netWork layer of RES 301 preferably comprises TCP and/or 
the netWork layer protocol of the air interface. 

[0090] The physical layer of RES 301 preferably commu 
nicates With the physical layer of ISP 110 by means of a 
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PSTN modem link 525. The physical layer of ISP 110 
preferably comprises the Hayes V34 protocol. The MAC 
layer of ISP 110 preferably comprises PPP. The data link 
layer of ISP 110 preferably comprises IP. The network layer 
of ISP 110 preferably comprises TCP. The application layer 
of ISP 110 preferably comprises softWare 602 Which pro 
vides Internet services compatible With services of the kind 
required by the user’s softWare application 601. The ISP 
application softWare 602 may act as a server providing 
WWW information, e-mail accounts and the like. 

[0091] FIG. 7 of the accompanying draWings illustrates 
schematically protocol stacks intended for transferring data 
betWeen a user’s Internet terminal equipment 109, RSS 501, 
RBS 301, ISP 110 Where netWork 111 comprises an ISDN. 
The application layer for user Internet terminal equipment 
109 preferably comprises application softWare 701 Which 
may be identical or substantially similar to application 
softWare 601. The netWork layer of user NTE 109 may 
comprise TCP. The data link layer for the user NTE 109 may 
comprise IP. The physical layer for user NTE 109 may 
comprise V34 modem control protocol of the knoWn Hayes 
Command Set. V34 commands of the user Internet terminal 
equipment 109 may be transferred to RSS 501 by means of 
V.24 serial interface 529. 

[0092] Suitably, the physical layer of RSS 501 also com 
prises the V34 modem control protocol and the physical 
layer protocol of the air interface. The MAC layer of RSS 
preferably comprises PPP and the MAC layer protocol of the 
air interface. The MAC layer may also comprise IWU. The 
IWU may also provide an interface betWeen the RSS’s MAC 
layer and its data link layer, its netWork layer and its 
application layer. The data link layer of RSS 501 preferably 
comprises the data link layer protocol of the air interface. 
The netWork layer of RSS 501 preferably comprises the 
netWork layer protocol of the air interface. The physical 
layer of RSS 501 preferably communicates With the physical 
layer of RBS 301 via the air interface 530. 

[0093] The physical layer of RBS 301 preferably com 
prises the V34 modem control protocol and preferably the 
complete Hayes V34 operation and the physical layer pro 
tocol of the air interface. The MAC layer of RBS 301 may 
comprise PPP and the MAC layer protocol of the air 
interface. The MAC layer may also include IWU Which 
provides an interface betWeen the RBS’s MAC layer and its 
data link layer, its netWork layer and its application layer. 
The data link layer of RBS 301 preferably comprises IP 
and/or the data link layer protocol of the air interface. The 
netWork layer of RBS 301 preferably comprises TCP and/or 
the netWork layer protocol of the air interface. The Physical 
layer of RBS 301 preferably communicates With the physi 
cal layer of ISP 110 by means of Basic Rate ISDN (BRI) 
525. The physical layer of RBS 301 preferably comprises 
the knoWn V.120 protocol and the knoWn 1.431 protocol. 

[0094] Suitably, the physical layer of ISP 110 comprises 
the knoWn 1.430/1.431 protocol. The MAC layer of ISP 110 
preferably comprises PPP. The data link layer of ISP 110 
preferably comprises IP. The netWork layer of ISP 110 
preferably comprises TCP. The application layer of ISP 110 
preferably comprises softWare application 702 Which may 
be identical or substantially similar to softWare application 
602. 

[0095] FIG. 8 of the accompanying draWings illustrates 
schematically protocol stacks intended for transferring data 
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betWeen a users Internet terminal equipment 109, RSS 501, 
RBS 301 and ISP 110 When ISP 110 is connected to RBS 301 
by means of a digital leased line 524. The application layer 
for user Internet terminal equipment 109 preferably com 
prises application softWare 801, Which may be identical or 
substantially similar to a softWare application 601. The 
netWork layer of user NTE 109 preferably comprises PPP. 
The netWork layer may also comprise TCP and/or IP. Alter 
natively, layers betWeen the application layer and the net 
Work layer of the seven layer reference model (ie presenta 
tion layer, session layer, transfer layer) may comprise TCP 
and/or IP. The data link layer of user NTE 109 preferably 
comprises IP tunnel. The MAC layer of user NTE 109 
preferably comprises the knoWn 802.2 protocol. The physi 
cal layer of user NTE 109 preferably comprises the knoWn 
802.3 protocol. Data may be transferred from the physical 
layer of user NTE 109 to the physical layer of RSS 501 by 
means of Ethernet (de?ned in ISO 802.3). 

[0096] Suitably, the physical layer of RSS 501 may com 
prise 8023 protocol and the physical layer protocol of the air 
interface. The MAC layer of RSS 501 may comprise the 
802.2 protocol and the MAC layer protocol of the air 
interface. The data link layer of RSS 501 may comprise IWU 
and the data link layer protocol of the air interface. The IWU 
may provide an interface betWeen the RSS’s data link layer, 
its netWork layer and its application layer. The netWork layer 
of RSS 501 preferably comprises the netWork layer protocol 
of the air interface. The physical layer of RSS 501 preferably 
communicates With the physical layer of RBS 301 via air 
interface 530. 

[0097] The physical layer of RBS 301 preferably com 
prises the knoWn 1.430 protocol and the physical layer 
protocol of the air interface. The MAC layer of RTBS 301 
preferably comprises the knoWn 802.2 protocol and PPP and 
the MAC layer protocol of the air interface. The data link 
layer of RBS 301 may comprise IP tunnel and the data link 
layer protocol of the air interface. The data link layer of RBS 
301 may also comprise IWU. The IWU may provide an 
interface betWeen the RSS’s data link layer and its netWork 
layer and its application layer. The netWork layer of RBS 
301 preferably comprises the netWork layer protocol of he 
air interface. RBS 301 preferably communicates With ISP 
110 by means of digital leased line 524. 

[0098] The physical layer of ISP 110 preferably comprises 
1.430 protocol. The MAC layer of ISP 110 preferably 
comprises PPP. The data link layer of ISP 110 preferably 
comprises IP. The netWork layer of ISP 110 preferably 
comprises TCP. The application layer of ISP 110 preferably 
comprises softWare application 802, Which may be identical 
or substantially similar to softWare application 602. 

[0099] FIG. 9 of the accompanying draWings illustrates a 
format of a Packet Data Unit (PDU) used by the preferred 
embodiment’s MAC layer protocols on a doWnlink logical 
channel broadcast by RBS 301 to a closed user group Which 
shares the logical channel. Preferably, the doWnlink PDU 
comprises a substantially unmodi?ed standard IP packet. 
Each doWnlink PDU may comprise three 8 bit data lines, 
each data line may comprise one or more data ?elds. Each 
bit in a data line may be labeled With a reference numeral 
0-7, With 0 being a least signi?cant bit of the data line and 
7 being a most signi?cant bit of the data line. A?rst data line 
901 of the doWnlink PDU preferably comprises four data 










