Office de la Proprieté Canadian CA 2281456 C 2005/06/21

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 281 456
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1999/09/08 (51) Cl.Int.®/Int.CL.° H04Q 7/38
(41) Mise a la disp. pub./Open to Public Insp.: 2000/04/14 (72) Inventeurs/Inventors:

1 . CHUAH, MOOI CHOO, US;
(45) Date de délivrance/lssue Date: 2005/06/21 YUE. ON-CHING, US:

(30) Priorité/Priority: 1998/10/14 (09/172,494) US ZHANG. QINQING, US

(73) Proprietaire/Owner:
LUCENT TECHNOLOGIES INC., US

(74) Agent. KIRBY EADES GALE BAKER

(54) Titre : METHODES ET APPAREILS DE DETERMINATION DES PRIORITES D'ACCES PAR ATTENTE ALEATOIRE
DANS UN SYSTEME DE COMMUNICATIONS

54) Title: METHODS AND APPARATUS FOR RANDOM BACKOFF BASED ACCESS PRIORITY IN A
COMMUNICATIONS SYSTEM

500\.
501
N 502 |
ACCESS PRIORITY EOURST S
SYSTEM PARAMETERS '/
YES
— T ——————————————————————————————————— |
N v
SELECT ONE
504 — ACCESS CHANNEL
FROM (1, .... M)
WAIT FOR SELECT RANDOM
599 —— NEXT ACCESS 506 —  CHIP DELAY
SLOT FROM (RN, ..., RN")
TRANSMIT ON
PERFORM
520 — 508 — SELECTED
BACKOFF 514 ACCESS CHANNEL

'l' 510
ﬁ_’tx > Ki> o txee e NO <SUC$ESS>/
2 :
ES
512

YES Y
DROP
» ACCESS END
REQUEST
218

(57) Abréegée/Abstract:

The present invention provides methods and apparatus for providing access priority in a MAC protocol of a communications
system such as, for example, with respect to UMTS RACH. Particularly, the Invention Introduces several access priority
methodologies including: (I) random chip delay access priority (RCDAP); (i) random backoff based access priority (RBBAP); (lii)

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2281456 C 2005/06/21

anen 2 281 456
13) C

(57) Abrege(suite)/Abstract(continued):

variable logical channel based access priority (VLCAP); (iv) UMTS-specific variable logical channel based access priority (VLCAP');
(v) probabillity based access priority (PBAP); and (vi) retransmission based access priority (REBAP). Each methodology associates
some parameter or parameters to access priority classes Iin order to Influence the likellhood of a remote terminal completing a
successful access reguest to a base station.
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METHODS AND APPARATUS FOR RANDOM BACKOFF BASED ACCESS
PRIORITY IN A COMMUNICATIONS SYSTEM

Abstract:

The present invention provides methods and apparatus for providing access
priority iIn a MAC protcicol of a communications system such as, for example, with
respect to UMTS RACH. Particularly, the invention introduces several access priority
methodologies including: (1) random chip delay access priority (RCDAP); (11)) random
backoff based access priority (RBBAP); (iii)) vanable logical channel based access
priority (VLCAP); (iv) UMTS-specific variable logical channel based access priority
(VLCAP’); (v) probability based access priority (PBAP); and (vi) retransmission based
access prionity (REBAP). Each methodology associates some parameter or parameters

to access priority classes in order to influence the likelihood of a remote terminal

completing a successful access request to a base station.
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METHODS AND APPARATUS FOR RANDOM BACKOFF BASED ACCESS
PRIORITY IN A COMMUNICATIONS SYSTEM

Field of the Invention

The present invention relates to methods and apparatus for providing access
priority control in a communications system and, more particularly, to methods and
apparatus for providing access priority control in a media access control protocol of a

Universal Mobile Telecommunications System.

Background of the Invention

A major effort has been underway in the last decade to integrate multimedia
capabilities into mobile communications. The International Telecommunications
Union (ITU) and other organizations have been attempting to develop standards
and recommendations that ensure that mobile communications of the future will
be able to support multimedia applications with at least the same quality as
existing fixed networks. Particularly, many global rescarch projects have been
sponsored n order to develop such next (third) generation mobile systems.
Research and Development of Advanced Communication ‘Technologies In
Europe, RACE-1, and RACE-2, and Advanced Communications Technology
and Services (ACTS) are examples of such ettorts in Europe. It 1s known that

in order to provide end users with the requisite service quality
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for multimedia communications, Internet access, video/picture transfer, high bit rate
capabilities are required. Given such requirements, bearer capability targets for a third
generation system have been defined as 384 kilobits per second (kb/s) for full coverage

area and 2 Megabits per second (Mb/s) for local area coverage.

Universal Mobile Telecommunications System (UMTS) is a new radio access
network based on 5 Megahertz Wideband Code Division Multiple Access (W-CDMA)
and optimized for support of third generation services including multimedia-capable
mobile communications. Since major design goals of UMTS are to provide a broadband
multimedia communications system that integrates infrastructure for mobile and fixed
communications and to offer, inter alia, the same range of services as provided by the
fixed and wireless communications networks, UMTS must provide circuit-switched as
well as packet-switched services, a variety of mixed-media traffic types, and bandwidth-
on-demand. However, providing multimedia support implies the need for flexibility, that
1s, being able to support services with different bit rates and £,/ Ny requirements, and to
multiplex such services in a multiservice environment. UMTS is designed to be able to

support such demands.

Reterring to FIG. 1, an exemplary block diagram of a UMTS access network is
shown. Particularly, a plurality of remote terminals 2 and 4 (e.g., mobile terminals)
communicate with base stations (NODE-B) 6 via W-CDMA wireless links 8. The
remote terminals may be a variety of devices such as a wireless phone 2 or a portable
personal computer 4 with an internal or external modem. In the UMTS standard. a base
station 1s called a NODE-B. These base stations communicate with a network
component that provides radio resource management functions and is called a Radio
Network Controller (RNC). Since UMTS is a W-CDMA system, soft handoffs are
supported. In the case of soft handoffs, there are two base stations 6 serving one remote
terminal. Thus, the remote terminal sends frames to these two base stations. When the
two base stations receive the frames from the remote terminal, they send them to a
Frame Selector Unit (FSU). The FSU decides which is a better frame, in terms of frame

quality, to be sent to the core network. In UMTS, the FSU may be physically integrated
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with the RNC and as such, in FIG. 1, the RNC and FSU are shown as block 10, but also
are separated functionally as block 12 (FSU) and block 14 (RNC). Other elements in the
UMTS network perform conventional functions such as: the xLR databases 20, which
provide home and visiting location information; and the interworking function (IWF)
units 22. It is to be appreciated that the Universal Mobile Switching Center (UMSC) 16
serves as the mobile switching center for the base stations 6 in the UMTS. Sub-
networks 18 are wireless service provider networks and CN1 through CNn are the core

networks 24 to which the remote terminals are ultimately coupled.

Referning to FIG. 2, a diagram of the typical protocol stack in UMTS 1s shown.
In UMTS, Layer 1 (L1) 1s the physical layer (PHY) which offers information transfer
services to the MAC (Media Access Control) layer and hugher layers. The physical layer
transport services are described by how and with what characteristics data 1s transterred
over the transport channels of the radio interface. Layer 2 (L2) 1s comprised of sublayers
which include MAC, LAC (Link Access Control), and RLLC and RLC’ (Radio Link
Control). In UMTS, the functions performed in RLC are split and thus two RLC

protocols (RLC and RLC’) are specified. The RLC and MAC layers provide real-time
and non-real-time services. The MAC layer controls but does not carry out the
multiplexing of data streams originating from different services. That 1s, the MAC layer,
via logical channels, allows common physical communications channels (e.g., broadcast
channel) to be shared by a number of remote terminals. IP (Internet Protocol) is the

network layer.

“Uu” refers to the UMTS-specific interface between a remote terminal and a base
station, while “Tub” refers to the UMTS-specific interface between a base station and the
RNC/FSU. Layer 2 of the radio access network (i.e., left side of NODE-B on the
protocol stack) is split into RLC and MAC layers, while Layer 2 of the core network
(i.e., right side of NODE-B on the protocol stack) is more related to the technology used
to transport network layer frames, e.g., ATM (Asynchronous Transfer Mode) or Frame
Relay. IP is shown as the transport protocol, however, UMTS is not so limited. That is,

UMTS can cater to other transport protocols. Further details on the protocol layers may
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be found in Dahlman et al., “UMTS/IMT-2000 Based on Wideband CDMA.” IEEE
Communications Magazine, pp. 70-80 (September 1998) and in ETSI SMG2/UMTS L2
& L3 Expert Group, “MS-UTRAN Radio Interface Protocol Architecture; Stage 2,”
Tdoc SMG2 UMTS-L23 172/98 (September 1998).

In UMTS, four type§ of application traffic need to be handled. They include: (1)
applications that are both delay and loss sensitive, e.g., interactive video; (i1) applications
that are loss sensitive but can tolerate moderate delay, e.g., interactive data; (i)
applications that are delay sensitive but tolerant of moderate losses, e.g., voice; and (iv)

applications that are tolerant of both delay and losses, e.g., file transfer.

To provide different Quality of Service (QoS) to all these different applications,
the UMTS system must be designed appropnately. Several important issues need to be
considered in UMTS system design such as, for example, how to satisfy QoS without
wasting network resources and how to operate the systems in the stable region when all

traffic types burst simultaneously.

Further, several components are required in UMTS to support varying QoS. For
example, service parameters need to be defined to enable different applications to specify
their different QoS requirements, e.g., the Guaranteed Service and Controlled Load
Service parameters defined by the Internet Engineering Task Force (IETF). Users can
ask for bandwidth resources either on a burst mode or connection mode. Also, there
must be an admission control component in UMTS that makes decisions as to whether
or not users’ requests will be granted. The admission of new requests must be done such
that even when all admitted requests peak simultaneously, the QoS requirements of each
request will not be violated (unless they are best-effort requests). Further, once the
users’ requests are admitted, there must be features implemented in the UMTS network
to deliver such service guarantees, e.g., delay requirement, packet loss requirement.
Scheduling algorithms at the network nodes and packet marking for non-conformant
users’ traffic are some of the features that can be supported by routers to provide

differentiated services.
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In order to provide end-to-end QoS in UMTS, certain features need to be
provided at the MAC layer to ensure different QoS. One possible way of providing
difterent QoS 1s by providing priority mechanisms. Priority mechanisms can be
implemented 1n terms of access priority, service priority or buffer management schemes.
There are various types of service priority mechanisms, e.g., fixed priority, dynamic
priority. Fixed priority m;:chanisms include, e.g., strict priority and weighted round

robin. Dynamic priority schemes include, e.g., fair share queuing, self-clock fair share

queuing and worst case fair share queuing disciplines.

With respect to access priority, several well-known channel access protocols are
currently used in wireless data systems, such as Slotted Aloha, PRMA. etc.
Conventional Slotted Aloha 1s a relatively simple protocol but, because it does not

attempt to avoid or resolve collisions between data users, its theoretical capacity is just

0.37.

Reservation-based protocols attempt to avoid and resolve collisions by
dynamically reserving channel bandwidth for users needing to send packets. Typically, in
such protocols a channel is divided into slots that are grouped into frames of N slots. A
slot can be further subdivided into k minislots. Normally, A; of the slots will be used for
reservation purposes while the remaining A-A; slots are data slots. The users that need
to send packets send a reservation request packet in one of the B=A,*k minislots. If the
reservation request packet is successful, then the user will be allocated a certain number
of data slots until the user or the base station releases the reservation. If the reservation
request packet 1s not successful, the user will use a conflict resolution method to

retransmit the reservation request until it is successfully transmitted.

Access priority control 1s particularly critical with respect to one of the logical
channels associated with the media access control (MAC) protocol of UTMS, namely,
the random access channel (RACH). RACH is an up-link common transport channel
used to carry .control information and short user packets from a remote terminal.

Reterring to FIG. 3, a block diagram of an exemplary hardware implementation of a non-
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coherent RACH detection algorithm for use in a UMTS base station (NODE-B in FIG.
1) 1s shown. The RACH receiver 30 is capable of providing the following functions:
detection, demodulation and decoding, and acknowledgement. The purpose of detection
1s to determine if a RACH burst, described below, is being sent by a remote terminal and
to resolve the strongest multipath components of the incoming burst. The receiver 30
also demodulates and decocies the message contained within the corresponding RACH to
ascertain the remote terminal identifier and the requested service. After decoding a

remote terminal RACH transmission, the receiver generates an acknowledgement signal

which the base station transmits to the remote terminal over a Forward Access Channel

(FACH)

The RACH receiver 30 preferably performs the above functions in accordance
with the following structure. A RACH transmission burst is received and demodulated
by mixers 32 and then filtered in filters 34. The signal is then sampled in sampling unit
36. Despreader 38 decodes the signal in accordance with the spreading sequence, in this
case, 512 Gold code. The decoded signal is buffered (buffer 40) and sent to time shifting
unit 50. Also, the output of the despreader 38 is provided to integrator 42. The outputs
of the integrator 42 are mixed (mixer 44) and provided to timing detector 46 and then
threshold detector 48. The output of the threshold detector 48 indicates whether a valid
signal was received from the remote terminal. This result is provided to time shifting
unit 50. Ifit 1s a valid signal (e.g., above pre-determined thresholds), the decoded signal
1s then down-sampled by unit 52. Then, depending on the preamble, described below.
the signal passes through the 16 tap filter unit 54 to the preamble signature searcher 56.
The output of the searcher 56 provides the base station with the remote terminal’s

identifier and information as to the service(s) requested by the remote terminal.

It 1s known that the physical RACH 1is designed based on a Slotted ALOHA
approach. A remote terminal can transmit a random access burst 100 at eight well-
defined time offsets (Access slot #1, . . ., Access slot #i, . . ., Access slot #8) relative to
the frame boundary of the received broadcast control channel (BCCH) of the current

cell, as illustrated in FIG. 4A. As shown in FIG. 4B, the random access burst consists of
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two parts, a preamble part 102 of length 1 millisecond (ms), a message part 104 of
length 10 ms, and an idle time 106 of length 0.25 ms in between the preamble part and
the message part. There are a total of 16 different preamble signatures that are based on
the Orthogonal Gold code set of length 16 (512 Gold code). The information on the
available signatures and time offsets are broadcast on BCCH. Based on this structure, if
the receiver has 128 ( 16) preamble signatures multiplied by 8 timeslots) parallel
processing units, 128 random access attempts can be simultaneously detected. In other
words, we have equivalent 128 random access channels for a maximum configured base

station for the current cell.

Accordingly, there 1s a need for methods and apparatus for providing access
priority in UMTS that addresses the unique requirements associated with such a
broadband multimedia communications system. Specifically, there is a need for methods

and apparatus for providing access priority with respect to UMTS RACH.

Summary of the Invention

The present invention provides methods and apparatus for providing access
priority in a MAC protocol of a communications system such as, for example, with
respect to UMTS RACH. Particularly, the invention introduces several access priority
methodologies including: (1) random chip delay access priority (RCDAP); (ii) random
backoft based access priority (RBBAP); (iii) variable logical channel based access
priority (VLCAP); (iv) a UMTS-specific variation to the variable logical channel based
access priority scheme (VLCAP'); (V) probability based access priority (PBAP); and (vi)

retransmission based access priority (REBAP).

In one aspect of the invention, RCDAP methods and apparatus are provided. In
RCDAP, each prionty class 1s advantageously assigned a different chip delay from
among chip delay distributions prior to submitting an access request to the base station.
Preferably, those classes with a higher priority are given a smaller average random chip
delay such that their access requests will have a higher probability of being captured

compared to those submitted by users with a lower priority class.

' 1ot A TRt L i . T AN LTI R R Y 2 .
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In another aspect of the invention, RBBAP methods and apparatus are provided.
In RBBAP, each priority class is advantageously assigned a different backoff delay.
Preferably, requests associated with higher access priority will have a smaller average
backoff delay. Whenever there is a collision or some other reason an access request 1s
not successtully received at the base station, the remote terminal, depending on the class

J
1, chooses a random delay distributed between a pre-determined range.

In yet another aspect of the invention, VLCAP methods and apparatus are
provided. In VLCAP, each subscriber is given an access priority class i. Preferably,
those with the highest priority can access all the logical access channel for which the base
station is configured, while those with lowest priority are only allowed to access a small
subset of logical access channels, e.g., only one preamble signature with 8 time offsets.
A rationale behind this approach is that the larger the number of logical access channels
that the remote terminal has to choose from, the higher the likelihood of finding a

channel on which the request will be successfully transmitted.

In a further aspect of the present invention, a UMTS-specific variation of
VLCAP methods and apparatus are provided. The VLCAP’ approach, specifically takes
into account a special UMTS access channel structure. That is, even though there are t
time offsets for each preamble signature, there may not be t parallel processing units at
the base station due to a limitation on the processing complexity associated with the base
station. For example, there may only be four receivers with each receiver programmed
to capture, for example, the (i", (i+4)™) time offsets. Thus, according to the VLCAP’
approach, those requests with lower priority classes will be assigned a higher number for

the time offsets, thus allowing the access requests from higher priority classes to be

captured by the receivers first.

In still a further aspect of the invention, PBAP methods and apparatus are
provided. In PBAP, each subscriber is given an access priority class i. Each access

priority class 1 can only transmit access requests with a certain probability P;. Those with
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the highest priority always transmit their access requests whenever they have an access

request.

In yet another aspect of the invention, REBAP methods and apparatus are
provided. In REBAP, access requests have an access packet priority (APP) associated
therewith whereby retransmitted access requests are given a higher priority over new

access requests.

It 1s to be appreciated that access priority techniques implemented according to

the present invention may include a combination of more than one of the above
embodiments. For example, RCDAP can be performed with RBBAP or VLCAP and
PBAP, and so on.

These and other objects, features and advantages of the present invention will
become apparent from the following detailed description of illustrative embodiments

thereof, which is to be read in connection with the accompanying drawings.

Brief Description of the Drawings

FIG. 1 1s a block diagram of a UMTS access network:
F1G. 2 1s a diagram of a protocol stack associated with a UMTS:;
FIG. 3 1s a block diagram of a non-coherent RACH receiver for use in a UMTS:

FIGs. 4A and 4B illustrate access slots and a structure of a random access burst

used in a UMTS RACH;

FIG. 5 1s a flow chart of a method of access priority control at a remote terminal

according to a first embodiment of the present invention;

FIG. 6 1s a flow chart of a method of access priority control at a remote terminal

according to a second embodiment of the present invention:
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FIG. 7 1s a flow chart of a method of access priority control at a remote terminal

according to a third embodiment of the present invention:

FIG. 8 1s a flow chart of a method of access priority control at a remote terminal

according to a fourth embodiment of the present invention:

FIG. 9 1s a flow chart of a method of access priority control at a remote terminal

according to a fifth embodiment of the present invention:

FIG. 10 1s a flow chart of a method of access priority control at a remote terminal

according to a sixth embodiment of the present invention:

FI1G. 11 1s a flow chart of a method of access priority control at a base station

according to the present invention:

FIG. 12A 1s a flowchart illustrating the overall ODMAFQ protocol operation, as

viewed by the remote host;

FIG. 12B 1s a flowchart illustrating the overall ODMAFQ protocol operation, as

viewed by the base station:

FIG. 13A 1s a flowchart illustrating an embodiment of a method for ODMAFQ

access control;

FIG. 13B 1s a flowchart illustrating an alternate embodiment of a method for
ODMAFQ access control; and

FIGs. 14A - 14C are flowcharts illustrating three ODMAFQ contention

resolution methods.
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Detailed Description of Preferred Embodiments

The present invention 1s described below in the context of access priority control
in the MAC layer of the UMTS, particularly, with respect to access priority control in
the random access channel or RACH. However, it is to be appreciated that the teachings
of the mvention discussed herein are not so limited. That is, the access priority
methodologies of the invention are applicable to other communications systems where
remote terminals (e.g., mobile or fixed) make random attempts to secure access to a
communication channel associated with a base station or other communications system
access point. In addition, it is to be understood that methodologies described herein for
use 1 a remote terminal or a base station are executed by one or more processors
respectively associated therewith. The term “processor” as used herein is intended to
include any processing device, including a CPU (central processing unit) and associated
memory. Accordingly, software instructions or code associated with implementing the
methodologies of the present invention may be stored in associated memory and, when
ready to be utilized, retrieved and executed by an appropriate CPU. Also, the term
“remote terminal” refers to any device capable of communications with a base station.
For example, a remote terminal may be mobile (e.g., wireless phone or portable personal
computer with a wireless modem) or fixed (e.g., fixed personal computer with a wireless

modem). Also, the terms “base station” and “node b,” are used interchangeably herein.

As stated above, the present invention relates to subject matter disclosed in the
patent application described as U.S. Serial No. 09/084,072, filed on May 22, 1998,
entitled: “Method for Access Control in a Multiple Access System for Communications
Networks,” wherein another MAC protocol, referred to as “on-demand multiple access
fair queuing” or ODMAFQ), 1s described. A section entitled “ODMAFQ MAC Protocol
Operation,” describing the related MAC functions, follows the detailed description of the

present invention.
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Reterring back to FIG. 1 and as previously mentioned, it is to be understood that
the remote terminals, 2 and 4, are coupled to the UMTS access network through a
wireless interface with base stations 6. In order to establish communications, the remote
terminals send and receive media access control (MAC) frames over the wireless
interface to and from the base stations 6. In the case of the terminal 4, an internal or
external modem may be useél to provide a wireless connection with the base stations. A
remote terminal, such as remote terminal 2, typically has its own internal modem.
Nonetheless, packets are typically generated or received at the remote terminal on a
bursty random basis. The packets are buffered at the remote terminals until they are
transmutted uplink to a base station.  The base stations 6, as is known, provide wide-
area wireless coverage and multiplex remote terminal traffic from their respective
coverage area to their system’s mobile switching center, e.g.. UMSC 16 in FIG.1. The

base stations also broadcast (down-link) packets that are destined for one or more of the

remote terminals in its cell.

The UMTS multiple access scheme is a time-slotted system (i.e., Slotted
ALOHA approach) m which a random access channel (RACH) and a packet
transmission channel are formed on a slot-by-slot basis. Time slot duration in each
channel i1s chosen based on the particular system implemented. Generally, remote
terminals that have packets to send transmit access requests via the RACH to a base
station. Due to the potentially large number of remote terminals as compared to the
relatively smaller number of access channels that a base station is configured to support,
access priority schemes are necessary to ensure orderly and timely handling of network
traftic. That is, given the fact that many remote terminals may randomly seek to acquire
use of a single communications channel (i.e., they request channel bandwidth to transfer
packets), methods for prioritizing access requests must be implemented in the network in
order to permit remote terminals with a relatively high need to access channel bandwidth
assoclated with a base station over remote terminals with a relatively low need. So, for

example, if two remote terminals have packet data to be transmitted to the base station,

it 1s preferred that the access request of the remote terminal with the higher access need
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be more likely to be received and granted before the other remote terminal. However, it
1s to be appreciated that the priority class of the remote terminal is dynamic, that is, it
depends on the nature and/or content of the packets to be transmitted and/or on the
nature of the remote terminal. For instance, if the packets represent data that is delay
sensitive (e.g., interactive “Video, voice) or is of a nature that warrants immediate
transmission (e.g., emergeﬁcy situation), then the remote terminal selects a priority class
with a priority that i1s commensurate with the situation, ie., in these cases, a high
priority. Also, depending on the service level (e.g., premium or regular) that the remote

terminal 1s subscribed to, a different access priority is assigned.

Referring initially to FIG. 11, a flow chart of a method 1100 of access priority
control at a base station according to the invention is shown. In UMTS, a base station
(e.g., base station 6) broadcasts (step 1102) access priority system parameters in a
beacon or pilot signal to the remote terminals (RTs) in its coverage area. As will be
particularly explained in accordance with the methodologies of access priority performed
at a remote terminal, the access priority system parameters include parameters that the
remote terminal uses in its base station access request process. That is, the base station
transmits parameters pertaining to each pre-established priority class that the remote
terminal receives and stores for use during an access request. In step 1104, the base
station (via the processor associated therewith) determines if an access request is
recerved from a remote terminal. If not, the base station waits for one to be received. If
an access request 1s received from a remote terminal, the base station transmits (step
1106) an acknowledgement message to the remote terminal to indicate that the request
was successfully recetved. This acknowledgement signal is transmitted on a Forward
Access Channel (FACH) between the base station and the remote terminal. The base
station then prepares for receipt of the packet data from the remote terminal granted

access according to a packet data receipt procedure employed in UMTS (step 1108).

Reterring now to FIG. 5, a flow chart of a method 500 of access priority control
at a remote terminal according to a first embodiment of the present invention is shown.

It 1s to be appreciated that this methodology is performed in a remote terminal (e.g.,

2
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terminal 2 or 4) which has generated or received packets to be up-linked to a UMTS
base station (e.g., base station 6). The embodiment illustrated in FIG. 5 is hereinafter
referred to as Random Chip Delay Access Priority (RCDAP). Generally, in the RCDAP
approach, each priority class 1s advantageously assigned a different average random chip
delay prior to submitting an access request to the base station. Each chip is known to be
a certain time duration and: as such, each chip represents a certain time delay. Thus, a
chip delay’s time duration 1s directly related to the number of chips in the delay. Longer
delays have more chips then shorter delays. It is to be appreciated that the use of chip
delays 1s due to the use of a CDMA wireless interface (W-CDMA) between remote
terminals and base stations in UMTS. According to this embodiment of the invention,
those classes with a higher priority are given a smaller average random chip delay such
that their access requests will have a smaller time delay and thus a higher probability of

being captured compared to those submitted by users with a lower priority class.

In the access priority embodiment in FIG. 5, the remote terminal, in step 501,
receives and stores (in its memory) the following access priority system parameters
broadcast by the base station: M which is the number of logical access channels which
exist between the remote terminal and the base station; K; which is the maximum number
of retransmission attempts for each class i; a random chip delay for each class i
distributed between (RN;, . . ., RN;’), where RN; < RN;:; , RN; < RNi://, e.g., RNj <
RN; , RNy’ < RN;". It 1s to be appreciated that 1 = 0,1,..., etc. Thus, the chip delay
associated with access priority class O (highest priority) is selected from a distribution of
random chip delays that on average are smaller than the chip delays in the distribution
associated with a lower access priority class, e.g., class 1. Thus, a remote terminal set as

class O has a higher priority than a remote terminal set at class 1.

Accordingly, in step 502, the remote terminal (via the processor associated
therewith) determines whether a new access request is required due to receipt of packets
to be transmitted. If so, in step 504, the remote terminal selects a logical access channel
(1, ..., M). Then, based on the required priority class (e.g., due to nature or content of

the data to be transmuitted) or priority class attributed to the remote terminal (e.g., if the
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user of the remote terminal has subscribed to a particular level of service, e.g., regular,
premium), the remote terminal selects a random chip delay from distribution (RN; , . .

,RN;’) in step 506. So, if the priority of the transmission is high, the remote terminal
selects from the lowest random chip delay distribution thereby increasing the likelihood
of a successful request. If Bthe priority of the transmission is low, the remote terminal
selects from the highest random chip delay distribution thereby decreasing the likelihood
of a successful request as compared to those remote terminals requesting access at a
hugher priority class. Of course, depending on the priority, the remote terminal may
select from any random chip delay distribution in between. The access request is then

transmitted according to the selected chip delay on the selected logical access channel. in

step 508.

Next, in step 510, the terminal determines whether the access request was
successfully recerved by the base station. This may be accomplished by the base station
transmitting an access request acknowledge message to the terminal (step 1106 in FIG.
11). If the access request has been successful, then the access priority control method
ends (block 512) and the remote terminal can transmit its packets according to the

packet transfer scheme employed in the UMTS.

However, 1f the request is not successful, in step 514, the terminal increments a
variable, referred to as no_tx, by one (no_tx ++). It is to be understood that the variable
no tx represents the number of times an acceés request has been transmitted by the
remote terminal (the value is stored in the memory associated with the remote terminal
processor). In step 516, no tx is compared to K; (the maximum number of
retransmussion attempts for class 1). If no tx is greater than K;, then the current access
request 1s dropped (step 518). It is to be understood that higher priority classes are
assigned a higher K; (1.e., K; 2 Kj+1) so that more retransmission attempts may be made.
If the maximum number of retransmissions has not been reached, then a backoff process
is performed, in step 520. It is to be appreciated that a backoff procedure is preferably
employed since, assuming several remote terminals unsuccessfully attempted to transmit

access request signals at about the same time (the lack of success may be due to, for
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example, collisions between requests), it is not preferable for each remote terminal to

attempt to re-transmit at around the same time. Thus, each terminal delays its

retransmission for a randomly selected amount of time such that the likelihood of

collisions of the re-transmitted access requests is decreased. In an alternative

embodiment, backoff may be performed according to the inventive procedure described
3

below with respect to FIG. 6. After backoff, the remote terminal waits, 1n step 522, for

the next available access slot and then returns to step 504 to repeat the process.

Referring now to FIG. 6, a flow chart of a method 600 of access priority control
at a remote termmal according to a second embodiment of the present invention is
shown. Again, it is to be appreciated that this methodology is performed in a remote
terminal (e.g., terminal 2 or 4) which has generated or received packets to be transmitted
uplink to a UMTS base station (e.g., base station 6). The embodiment illustrated in FIG.
6 1s heremafter referred to as Random Backoff Based Access Priority (RBBAP).
Generally, in the RBBAP approach, each priority class is advantageously assigned a
different average backoff delay. Requests associated with higher access priority will
have a smaller average backoff delay. Whenever there is a collision or other reason an
access request 1s not successfully received at the base station, the remote terminal,

depending on the class i, chooses a random delay distributed between the range (D;, . . .

2

Di’) with D; < D;’, D; < Dy, Di' <Dy’ , where class i has a higher priority than class

1+1.

In the access priority embodiment in FIG. 6, the remote terminal, in step 601,
recerves and stores (in its memory) the following access priority system parameters
broadcast by the base station: M which is the number of logical access channels which
exist between the remote terminal and the base station; K; which is the maximum number
of retransmission attempts for each class i; a random delay distributed between the range
(D, ..., Di") with D; <D;’, D; < Diuy, Dy’ < Dy, where class i has a higher priority
than class 1+1. - Thus, a backoff delay associated with a higher access priority class is
selected from a distribution of random backoff delays that on average are smaller than

backoff delays in a distribution associated with a lower access priority class. For
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example, a remote terminal set as class O has a higher priority than a remote terminal set

at class 1.

Accordingly, in step 602, the remote terminal (via the processor associated
therewith) determines whether a new access request is required due to receipt of packets
to be transmitted. If so, in step 604, the remote terminal selects a logical access channel
(1, . . ., M). The access request is then transmitted on the selected logical access
channel, in step 606. Next, in step 608, the terminal determines whether the access
request was successtully received by the base station. Again, this may be accomplished
by the base station transmitting an access request acknowledge message to the terminal
(step 1106 in FIG. 11). If the access request has been successful, then the access priority
control method ends (block 610) and the remote terminal can transmit its packets

according to the packet transfer scheme employed in the UMTS.

However, if the request is not successful, in step 612, the terminal increments
variable no_tx by one. In step 614, no_tx is compared to K;. If no_tx is greater than K;,
then the current access request is dropped (step 616). If the maximum number of
retransmissions has not been reached, then a backoff process is performed, in step 618.
In step 618, based on the required priority class or priority class attributed to the remote

termunal, the remote terminal selects a random backoff delay from distribution (D; , . . .

,Di"). So, if the priority of the transmission is high, the remote terminal selects from the
lowest random backoff delay distribution thereby increasing the likelihood of a successful
request. That 1s, the backoff delay is relatively short such that re-transmission is
relatively sooner than for lower classes. If the priority of the transmission is low, the
remote terminal selects from the highest random backoff delay distribution thereby
decreasing the likelihood of a successful request as compared to those remote terminals
requesting access at a higher priority class. Of course, depending on the priority, the
remote terminal may select from any random backoff delay distribution in between.
After backoff, the remote terminal waits, in step 620, for the next available access slot

and then returns to step 604 to repeat the process.
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Retferring now to FIG. 7, a flow chart of a method 700 of access priority control
at a remote termunal according to a third embodiment of the present invention is shown.
Again, 1t 1s to be appreciated that this methodology is performed in a remote terminal
(e.g., terminal 2 or 4) which has generated or received packets to be transmitted uplink
to a UMTS base station (e.g., base station 6). The embodiment illustrated in FIG. 7 is
hereinafter referred to as {/a.riable Logical Channel-based Access Priority (VLCAP).
Generally, in the VLCAP approach, each subscriber is given an access priority class i.
Those with the highest priority (class 0) can access all the logical access channel for
which the base station is configured (e.g., 16x8), while those with lowest priority are
only allowed to access a small subset of logical access channels, e.g., only one preamble
signature with 8 time offsets. A rationale behind this approach is that the larger the
number of logical access channels that the remote terminal has to choose from, the
higher the likelihood of finding a channel on which the access request will be successfully

transmitted.

In the access priority embodiment in FIG. 7, the remote terminal, in step 701,
receives and stores (in its memory) the following access priority system parameters
broadcast by the base station: M which is the number of logical access channels which
exist between the remote terminal and the base station; N; which is the maximum number
of logical access channels class 1 can access, where N; > N;.; and Ny = M; and K; which is

the maximum number of retransmission attempts for each class 1.

Accordingly, in step 702, the remote terminal (via the processor associated
therewith) determines whether a new access request is required due to receipt of packets
to be transmitted. If so, in step 704, the remote terminal selects a logical access channel
(1, ..., N;j). That is, the logical channel is selected from a set of logical channels where
the size of the set depends on the priority class of the request. If the request is in
accordance with the highest priority class, the remote station can choose from all M
logical access channels, while decreasing priority requests have decreasing sized subsets
from which to choose. In an alternative embodiment, the remote terminal can store and

then select a random chip delay at this point according to the RCDAP approach in FIG.
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5. The access request is then transmitted on the selected logical access channel. in step
706.  Next, in step 708, the terminal determines whether the access request was
successtully received by the base station. Again, this may be accomplished by the base
station transmitting an access request acknowledge message to the terminal (step 1106 in
FIG. 11). If the access request has been successful, then the access priority control
method ends (block 710) af;d the remote terminal can transmit its packets according to

the packet transfer scheme employed in the UMTS.

However, 1f the request is not successful, in step 712, the terminal increments
variable no_tx by one. In step 714, no_tx is compared to K;. Ifno tx is greater than K,
then the current access request is dropped (step 716). If the maximum number of
retransmissions has not been reached, then a backoff process is performed, in step 718.
In an alternative embodiment, the backoff process is the same as described above in step
618 of FIG. 6. After backoff, the remote terminal waits, in step 720, for the next

available access slot and then returns to step 704 to repeat the process.

Reterring to FIG. 8, a flow chart of a method 800 of access priority control at a
remote terminal according to a fourth embodiment of the present invention is shown. It

1s to be understood that method 800 is a variation of the VLCAP scheme of FIG. 7. The

variation 1s referred to as VLCAP’ and specifically takes into account a special UMTS
access channel structure. That s, even though there are 8 time offsets for each preamble
signature, there may not be eight parallel processing units at the base station due to a
limitation on the processing complexity associated with the base station. For example,
there may only be four receivers with each receiver programmed to capture, for example,
the (i*, (i+4)™) time offsets. However, it is to be appreciated that the time offsets do not
have to be in sequence. That is, the receiver may capture the first four time offsets
received, e.g., time offsets 1, 3, 5, and 6. Thus, according to the VLCAP’ approach,
those requests with lower priority classes will be assigned a higher number for the time
offsets, thus allowing the access requests from higher priority classes to be captured by
the recetvers first. That 1s, if the class is a high priority class, it has the low time offsets

assigned thereto (e.g., 1 through 4) from which to select, while a class of a low priority
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has the high time offsets assigned thereto (e.g., 5 through 8) from which to select.
Therefore, the higher priority access requests are more likely to be received over the

lower priority access requests.

In the access priority embodiment in FIG. 8, the remote terminal. in step 801,
recerves and stores (in its ‘memory) the following access priority system parameters
broadcast by the base station: P which is the maximum number of preamble signatures
(e.8., P < 16); T which is the number of time offsets (e.g., T < 8) whereby M is the total
(PxT) number of logical access channels representing the number of processing units and
time searching capability that the base station includes; and K; which is the maximum

number of retransmission attempts for each class i.

Accordingly, in step 802, the remote terminal (via the processor associated
therewith) determines whether a new access request is required due to receipt of packets
to be transmitted. If so, in step 804, the remote terminal selects a preamble from among
(I, .. ., P). Then, in step 806, for class i, the remote terminal selects one time offset
from (T;, . . ., Ti') such that T; < Ty, TY< Tist’, To =0, Toax’ = 8. For example, class O
(hughest priority class) can choose from the set of time offsets ranging between time
oftset 0 through time offset 4. In an alternative embodiment, the remote terminal can
also store and then select a random chip delay at this point according to the RCDAP
approach in FIG. 5. The access request is then transmitted on the selected logical access

channel, in step 808.

Next, in step 810, the terminal determines whether the access request was
successfully received by the base station. Again, this may be accomplished by the base
station transmitting an access request acknowledge message to the terminal (step 1106 in
FIG. 11). If the access request has been successful, then the access priority control
method ends (block 812) and the remote terminal can transmit its packets according to

the packet transfer scheme employed in the UMTS.

However, if the request is not successful, in step 814, the terminal increments

variable no_tx by one. In step 816, no_tx is compared to K;. Ifno txis greater than K;,
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then the current access request is dropped (step 818). If the maximum number of

retransmussions has not been reached, then a backoff process is performed, in step 820.
In an alternative embodiment, the backoff process is the same as described above in step
618 of FIG. 6. After backoff, the remote terminal waits, in step 822, for the next

available access slot and then returns to step 804 to repeat the process.
,

Reterring now to FIG. 9, a flow chart of a method 900 of access priority control
at a remote terminal according to a fifth embodiment of the present invention is shown.
Again, 1t is to be appreciated that this methodology is performed in a remote terminal
(e.g., terminal 2 or 4) which has generated or received packets to be up-linked to a
UMTS base station (e.g., base station 6). The embodiment illustrated in FIG 9 is
hereinafter referred to as Probability Based Access Priority (PBAP). Generally, 1n the
PBAP approach, each subscriber is given an access priority class i. Each access priority
class 1 can only transmit access requests with a certain probability P;. Those with the
hughest priority (class 0) always transmit their access requests whenever they have an
access request. kor example, Po = 1 (high priority) and P; = 0.5 (low priority). Each
access priority class also has a different maximum number of re-attempts. A lower

access priority class has a lower maximum number of re-attempts.

In the access priority embodiment in FIG. 9, the remote terminal, in step 901,
recetves and stores (in its memory) the following access priority system parameters
broadcast by the base station: M which is the number of logical access channels which
exist between the remote terminal and the base station; probability P; for each class 1, and
K; which 1s the maximum number of transmission attempts associated with class I, where

Pi =1 and Pi < Pi+1, Ko — Kmax and Ki+1 < Ki.

Accordingly, in step 902, the remote terminal (via the processor associated
therewith) determines whether a new access request is required due to receipt of packets
to be transmitted. If so, in step 904, the remote terminal sets variable no tx = 0. This is

the retransmission attempts variable. Then, in step 906, the remote terminal determines

if x > (1 - P;). It is to be appreciated that x is a random variable uniformly distributed
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between O and 1. If x is not greater than (1 - P;), the remote terminal waits, in step 908,
for the next available access slot and then returns to step 904 to repeat the process. If x
> (1 - P;), the remote terminal selects a logical access channel (1, . . ., M). The access

request 1s then transmitted on the selected logical access channel, in step 912. Next, in

step 914, the termunal determines whether the access request was successfully received
3

by the base station. Again, this may be accomplished by the base station transmitting an
access request acknowledge message to the terminal (step 1106 in FIG. 11). If the
access request has been successful, then the access priority control method ends (block
916) and the remote terminal can transmit its packets according to the packet transfer

scheme employed in the UMTS.

However, if the request i1s not successful, in step 918, the terminal increments
variable no_tx by one. In step 920, no_tx is compared to K;. If no tx is greater than K,
then the current access request 1s dropped (step 922). If the maximum number of
retransmissions has not been reached, then a backoff process is performed, in step 924
In an alternative embodiment, the backoff process 1s the same as described above in step
618 of FIG. 6. After backoff, the remote terminal waits, in step 908, for the next

available access slot and then returns to step 904 to repeat the process.

Referring now to FIG. 10, a flow chart of a method 1000 of access priority
control at a remote terminal according to a sixth embodiment of the present invention is
shown. It 1s to be appreciated that this methodology 1s performed 1n a remote terminal
(e.g., terminal 2 or 4) which has generated or received packets to be up-linked to a
UMTS base station (e.g., base station 6). The embodiment illustrated in FIG. 10 is
hereinafter referred to as Retransmission Based Access Priority (REBAP). Generally, in
the REBAP approach, it 1s assumed that all access requests have an access packet
priority (APP) associated therewith. The REBAP scheme gives retransmitted access
requests a higher priority over new access requests. Such a feature is attractive for
certain applications which require a smaller 95" or 99™ percentile access delay for all
successful attempts rather than a smaller average access delay. All new access requests

are given the lowest APP class (nmx— 1). Then, their priorities are dynamically adjusted
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based on the number of retransmussions. The access packets can access all the M logical
access channels but depending on the access packet prionty class, they will choose a
different random chip delay. The lowest APP class has the highest average random chip
delay distribution from which to select. Those access requests that fail and need to be
S retransmitted preferably have their APP class adjusted. Note that an access service
priority (ASP) class may als:) be defined 1n addition to the APP feature. Those requests
with highest ASP, say class 0, will automatically increase their failed access requests’
APP with each reattempt. Those with lower ASPs adjust the APP of their failed
attempts less aggressively. For example, ASP class 1 may increase the APP of an access

10  request only after it fails twice.

In the access prionity embodiment in FIG. 10, the remote terminal, in step 1001,
receives and stores (in its memory) the following access priornity system parameters
broadcast by the base station: M which 1s the number of logical access channels which
exist between the remote terminal and the base station; APP which, for each class i, has

15  two numbers associated therewith, namely, K; which 1s the maximum number of
retransmission attempts for each class 1 and RN; which represents the random chip delay
for each class i. Also, 1t 1s assumed that APP ranges from O, . . |, nnax-1, where O has a
higher priority. If ASP is used, then parameters ASP and §; are also transmitted by the
base station and received and stored by the remote terminal. S; represents the number of

20  retransmissions required for class j before the APP of the access requests, from that class

J, will be updated. Thus, K; relates to the APP priority class and S; relates to the
ASP priority class. For example, for ASP =0, 1, 2, § =1, §; =3, 5 =5.

Accordingly, in step 1002, the remote terminal (via the processor associated

therewith) determines whether a new access request is required due to receipt of packets

25 to be transmitted. If so, in step 1004, the remote terminal sets APP = np-1, ASP =,
no tx =0, and adj = O (adj is explained below). Then, in step 1006, the remote terminal
selects a random chip delay from distribution (RN; , . . ., RN;’). In step 1008, the
remote terminal selects a logical access channel (1, . . ., M). The access request 1s then

transmitted on the selected logical access channel according to the chip delay, in step
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1010. Next, in step 1012, the terminal determines whether the access request was
successfully received by the base station. This may be accomplished by the base station
transmitting an access request acknowledge message to the terminal (step 1106 in FIG.
11). If the access request has been successful, then the access priority control method
ends (block 1014) and the remote terminal can transmit its packets according to the

packet transfer scheme empioyed in the UMTS.

However, if the request is not successful, in step 1016, the terminal increments
variables no tx and adj by one. The vanable no_tx represents the number of times an
access request has been transmitted by the remote terminal and adj represents the
variable used to check whether Sj has been reached. In step 1018, no tx 1s compared to
K;. If no tx is greater than or equal to K, then the current access request 1s dropped
(block 1020). However, if no _tx is not greater than or equal to K;, then the remote
terminal determines whether adj is greater than or equal to Sy (step 1022). If no, APP
remains the same as set in step 1004. Then, a backoff process i1s performed, in step
1024. The backoff process may be the same as described in step 618 in FIG. 6. After
backoff, the remote terminal waits, in step 1026, for the next available access slot and
then returns to step 1006 to repeat the process. However, it ad) 1s greater than or equal
to Sj, then APP is decreased by one (APP = n-1) thereby increasing the priority of the re-
transmitted request (step 1028). Also adj s reset to zero in step 1028. Then, the
backoff process is performed, in step 1024. After backoff, the remote terminal waits, in
step 1026, for the next available access slot and then returns to step 1006 to repeat the

process.

It is to be appreciated that use of the access priority methodologies of the
invention, as described herein, may be useful and advantageous in a variety of
applications. The following are merely a few examples of such applications. In existing
wireless access systems, no provision has been provided to allow users that have an
urgent need to-gain access at a higher priority than other types of users. One possible
implementations of access priority according to the invention 1s to reserve some logical

access channels such that only emergency users can access. In another scenario, a




10

15

20

25

CA 02281456 1999-09-08

25

service provider can differentiate, according to the present invention, between different
types of customers based on the service charges that they pay. A CEO may desire to
have a smaller access delay so that his messages can get across the network faster than
others. Preferably, this service 1s coupled with service priority to ensure that users can
perceive a better end-to-end delay. Also, in order to give smaller access delay to some
real time services, e.g., intéractive video, one may again use the access priority features
of the invention to achieve this purpose. In addition, the present invention provides new
access features to be included in UMTS MAC. Access prionity can be used together
with scheduling algorithms to provide different Quality of Service to customers either

based on service charge, emergency needs or delay requirements.

Although illustrative embodiments of the present invention have been described
herein with reference to the accompanying drawings, it is to be understood that the
invention 1s not limited to those precise embodiments, and that various other changes and

modifications may be affected therein by one skilled in the art without departing from the

scope and spirit of the invention. For example, although certain variations of the

embodiments illustrated in the flow charts were described above, 1t is to be appreciated
that the present invention contemplates combining any embodiment, or variation thereof,

with one or more other embodiments, or variations thereof.

ODMAFQ MAC Protocol Operation

The overall ODMAFQ MAC protocol operation is illustrated in the flowcharts of
FIGs. 12A and 12B. As seen from a remote host (terminal), FIG. 12A, after
establishment of the power level for uplink transmission 1210, the remote hosts
participate in uplink initial contention 1215 durning which each remote with packets to
send requests access to the AP (base station). If some of these access requests collide
1220, 1n that they are submitted in the same reservation minislot, the colliding remote
hosts participate in uplink conflict resolution 1225. Otherwise, the AP proceeds to
allocate uplink bandwidth 1230 among the remote hosts requesting access, followed by

allocation of bandwidth for its own downlink transmission 1235. Each remote host waits
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to receive a transmit permit 1237 during a subsequent downlink transmission and, upon
recelving one, transmits a waiting packet from its queue. If the queue at a remote is not

then empty 1238, the remote returns to waiting for additional transmit permits 1237,

otherwise 1t waits for new packets to arrive 1239,

As illustrated in FIG. 12B, the AP monitors activity in the received contention
reservation slots 1260. When it receives a successful access request 1265, the AP sends
reservation acknowledgments (ACKs) 1270 and adds the newly successful remotes to
the scheduled list 1275. Whether or not there have been new successful access requests
1265, the AP also monitors the uplink dataslots 1280 as long as the scheduled list 1s not
empty, and when 1t receives a successfully transmitted packet 1285, it replies with a data
ACK 1290. The AP then schedules its downlink packets 1240, schedules the uplink
transmissions 1245 of the successfully contending remote hosts, issues the associated
transmit permits 1250, and then transmits downlink data packets 1255, after which 1t

returns to monitoring activity in the contention reservation slots 1260.

It may be desirable to allow for an optional channel holding feature whereby each

queue can remain empty for a short while without the Access Point releasing the

bandwidth reservation. This allows high priority users to remain in the base station=s
reserved bandwidth list for an allotted amount of time before it 1s released, encouraging
low latency of real-time packets (1.e. little or no delay for packets of time-sensitive data
such as voice communications) by avoiding all the setup signaling messaging required for
channel reservation. Utilizing this feature, when a queue 1s empty, a timer 1s triggered at
the wireless modem. As long as new packets arrive at the wireless modem before this
timer expires, the wireless modem does not need to make a new access request. At the
AP, if this feature is turned on, then the AP will still allocate a transmit permit for one
data slot to this particular wireless modem every alternate uplink frame, even if the last
uplink data transmission from the wireless modem has indicated that the queue 1s empty.
The AP will also start a timer. When the timer expires and the AP has not recerved new
packets from that wireless modem, then the AP will remove the wireless modem from

the reserved bandwidth list. This channel holding feature i1s particularly useful if the
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bandwidth reservation process takes a while to complete, allowing low latency for
real-time packets that, while not arriving back-to-back, are not so far apart as to warrant
a separate bandwidth reservation request via contention for each data packet. However,
for bursty sources that do not need this channel holding feature, when a packet arrives to
find an empty bufter, the modem will still send an access request to the AP via one of the

}

contention minislots.

FIG. 13A illustrates 1s an embodiment of a method for access control. N
contention reservation minislots are configured in each uplink frame 1310. The N
minislots are organized into a plurality of access priority classes, each class having a
different priority. The AP 1s configured to allow m access priority classes 1315. Each
remote host of access priority class 1, randomly picks 1320 one contention minislot and
transmits an access request, the contention minislot picked being in a range from 1 to N;
where Ng«;y <N ;and N =N. The base station recetves 1325 the access requests and
sequentially examines the received contention minislots. If the minislot currently being
examined contains an uncoliided request 1330, the AP grants access 1835 to the remote
host corresponding to the uncollided access request. If the munisiot currently being
examined contains a collided request 1330, the AP will not send an ACK, causing the
affected remote nodes to perform contlict resolution 1340. After the conflict resolution
period, the AP grants access to the Awinning= remote host 1345. Meanwhile, if more
minislots remain to be examined 1350, the AP continues to check minislots for collisions
1330, either granting access to successful requesting hosts 1335 or awaiting the outcome

of conflict resolution 1340.

FIG. 13B 1s a flowchart illustrating an alternate embodiment of a method for
access control. The N minislots are organized into a plurality of access priority classes,
each with a different priority. N contention reservation minislots are configured 1n each
uplink frame 1310. The N minislots are organized into a plurality of access priority
classes, each class having a different priority. The AP 1s configured to allow m access
priority classes 1315. Each remote host of access priority class 1 and with a stack level

that equals O, then transmits an access request with a probability P; where P;.;) < P; and
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P,=1 1360. The base station receives 1325 the access requests and sequentially
examines the received contention minislots. If the minislot currently being examined
contains an uncollided request 1330, the AP grants access 1335 to the remote host
corresponding to the uncollided access request. If the minislot currently being examined
contains a collided request, 1330, the AP will not send an ACK, causing the aftected
remote nodes to perform conflict resolution 1340. After the conflict resolution period,
the AP grants access to the Awinning= remote host 1345. If more minislots remain to be
examined 1350, the AP continues to check minislots for collisions 1330, either granting

access to successful requesting hosts 1335 or awaiting the outcome of contlict resolution

1340.

IDLE, SUCCESS and COLLISION status information is conveyed back to the
wireless modems. The AP places the slot status information in the downlink reservation
acknowledgment field. There are three alternative preferred conflict resolution methods
that may be used. The first method is suggested in the IEEE 802.14 standard, and 1s
described along with two new methods below. Simulation results show that the second

method described provides a better access delay.

In the first conflict resolution method, suggested in IEEE standard 802.14, each
wireless node that wishes to transmit randomly picks one of the reservation minislots. 1f a
collision is indicated, a modem that was affected by the collision retransmits based on a
random binary-exponential back-off method.  This backoff method operates in

accordance with the following:

1. The modem generates a random number, 1, uniformly distributed between
0 and 2 - 1, where j is the number of collisions that the modem
experienced for the packet it is attempting to transmit. If j 1s larger than

10, then I is selected from a uniform distribution between O and 2" - 1.

2. The modem skips the next I-1 contention slot opportunities of the same

kind (either minislot or data contention slot), and then retransmits 1ts

VAT T #4004 By et e s v e A v | -3 L - At
DRl il 1 e LA SELHYR Ay Lre i dags HRA RIS % ot A et v i Mol badniep iy 254 L 1P Bah g e e ..

--------



10

15

20

25

CA 02281456 1999-09-08

29

previously collided packet in the next immediate contention slot

opportunity.

The operation of this method 1s depicted in FIG. 14A. A wireless node waiting
to access the AP randomly picks 1402 a reservation munislot in which to transmit an
access request. If the node 1s aftected by a collision 1404, the node generates 1408 the
random number | and skips 1410 the next I-1 contention slot opportunities of the same
kind. The node than retransmits 1412 the access request for the collided packet at the
next immediate contention slot opportunity. If the node i1s not affected by a collision
1404, then if the queue at the node 1s empty 1405, the node transmits 1406 the packet
and returns to the waiting state 1402. If the queue at the node 1s not empty 1405, then,
after receiving a transmit permit from the AP, the node transmits 1407 the current packet
along with a piggybacked reservation request for transmission of the next packet in its
queue, continuing to transmit packets with piggybacked reservation requests 1407 after
receiving transmit permits until the queue 1s empty 1405 and the final packet has been

transmitted 1406, after which the node returns to the waiting state 1402,

In the second and third methods, the AP broadcasts the outcome of each
contention in the reservation minislots to all wireless nodes via a downlink broadcast
message. In the second method, the modem in each wireless node 1s characterized by a
stack level, and only wireless nodes with a stack level equal to zero are permitted to
transmit access request packets. Modems with a stack level greater than zero are
regarded as backlogged. For example, when there are M reservation minislots, each
remote node at stack level 0 can randomly pick one of the M minislots. At the end of a
timeslot, wireless node 1 changes stack level based on the outcome of a transmission 1n
that time slot. This method allows newly active wireless nodes to join in with those
existing wireless nodes having stack level O during a particular conflict resolution period.
Each wireless node in a request state increments its stack level by one if it does not

transmit an access request packet and receive a negative acknowledgment (e.g., that
there was a collision) from the base station (AP). On the other hand, a wireless node

decrements its stack level by one if it receives a positive acknowledgment from the base
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station, indicating successful transmission of an access request. Each wireless node that

participates in the access request transmission randomly Aflips a coin= to determine
whether its stack level stays at level O or 1s incremented by one upon receiving a negative

acknowledgment from the base station.
The rules of the second method are:

1. When a wireless node first wishes to gain access to the network or has
gained access and wishes to send new data, 1t 1s placed in a request state

and assigned a stack level of zero.

2. When there are M reservation minislots, each wireless node in a request
state randomly picks one of the M reservation minislots to be its assigned

minislot in which to transmit an access request packet.

3. When the wireless node is characterized by a stack level equal to zero, 1t
transmits an access request packet; however, when the remote node i1s
characterized by a stack level other than zero, it does not transmit an

access request packet.

4. At the end of the time slot, each wireless node changes its stack level
based on the outcome (either COLLIDED, IDLE or SUCCESS) of an
access request, as reported for its assigned minislot in the reservation

acknowledgment field of a downlink message from the access point.

A A wireless node that sent an access request and recerved a

SUCCESS outcome will be removed from the request state.

B. A wireless node that sent an access request and received a
COLLIDED outcome will either increment its stack level by one

or leave its stack level at zero depending upon the outcome of a

random draw.
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C. A wireless node that is in the request state and did not send an
access request (1.e., a node backlogged with stack level > 0) will
increment its stack level by one if the outcome reported in the

reservation acknowledgment field for the assigned minislot is

COLLIDED.
)

D. A wireless node that is in the request state and that did not send
an access request (1.e., a node backlogged with stack level > 0)
will decrement its stack level by one if the outcome reported in

the reservation acknowledgment field for the assigned minislot is

SUCCESS.

The operation of this method is depicted in FIG. 14B. A wireless node waiting to
access the AP or send new data 1432 sets its stack level to 0 and enters the request state.
It the stack level of the node is 0 1434, the node randomly picks 1436 a reservation
muinislot for transmission of an access request and transmits the access request. If the
outcome of the request is SUCCESS 1438, and the queue at the node is empty 1439, the
node transmits 1440 the current packet and exits the request state, returning to the
waiting state 1432. If the queue at the node is not empty 1439, then, after receiving a
transmit permit from the AP, the node transmits 1441 the current packet along with a
piggybacked reservation request for transmission of the next packet in its queue,
continuing to transmit packets with piggybacked reservation requests 1441 after
receiving transmit permits until the queue is empty 1439, at which point it transmits the

remaining packet 1440, exits the request state, and returns to the waiting state 1402.

It the outcome of the reservation request 1436 was not SUCCESS 1438, the
node participates in a random draw 1444 to learn whether to increment 1448 its stack
level by 1 or leave 1446 its stack level at 0. If the stack level remains 1446 at 0, the node
again randomly picks 1436 a reservation minislot for transmission of an access request
and transmits the access request. If the stack level is incremented 1448, the stack level

will not be 0 1434. 1If the stack level of any remote node is not 0 1434 then if the
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outcome of the previous reservation request was COLLIDED 1450, the node increments

1452 1ts stack level by 1. If the outcome for the previous reservation request was not

COLLIDED 1450, the node decrements 1454 its stack level by 1.

The third conflict resolution method is a modification of the second. In the third
conflict resolution method, the modem in each wireless node is again characterized by a
stack level, and only wireless nodes with a stack level equal to zero are permitted to
transmit access request packets. Modems with stack level greater than zero are regarded

as backlogged. The rules of the third method are:

1. When a wireless node first wishes to gain access to the network or has
gained access and wishes to send new data, it is placed in a request state

and assigned a stack level of zero.

2. When there are M reservation minislots, each wireless node in a request
state randomly picks one of the M reservation minislots to be its assigned

minislot in which to transmit an access request packet.

3. When the wireless node is characterized by a stack level equal to zero, it
transmits an access request packet; however, when the remote node is
characterized by a stack level other than zero, it does not transmit an

access request packet.

4. At the end of the time slot, each wireless node changes its stack level
based on the outcome (either COLLIDED, IDLE or SUCCESS) of all

access requests as reported in the reservation acknowledgment fields of a

downlink message from the Access Point.

A. A wireless node that sent an access request and received a

SUCCESS outcome will be removed from the request state.

B. A wireless node that sent an access request and received a

COLLIDED outcome will either increment its stack level by one
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or leave 1ts stack level at zero depending on the outcome of a

random draw.

C. A wireless node that is in the request state and that did not send
an access request (1.e., a node backlogged with stack level > 0)

will’decrement its stack level by one if the outcomes of all access
requests reported in at least 80% (or some other predefined
threshold) of the reservation acknowledgment fields is either
SUCCESS or IDLE. Otherwise, the remote node will increment

its stack level by one.

D. When the backlogged modem=s stack level is decremented to
zero, the modem randomly picks one of the M minislots (or the I,

minislots if access priority is implemented) to resend its request.

The operation of this method is depicted in FIG. 14C and is similar to that of the
method of Fig. 14B. A wireless node waiting to access the AP or send new data 1432
sets 1ts stack level to O and enters the request state. If the stack level of the node is 0
1434, the node randomly picks 1436 a reservation minislot for transmission of an access
request and transmits the access request. If the outcome of the request is SUCCESS
1438, and the queue at the node is empty 1439, the node transmits 1440 the current
packet and exits the request state, returning to the waiting state 1432. If the queue at
the node is not empty 1439, then, after receiving a transmit permit from the AP, the node
transmits 1441 the current packet along with a piggybacked reservation request for
transmission of the next packet in its queue, continuing to transmit packets with
piggybacked reservation requests 1441 after receiving transmit permits until the queue is
empty 1439 and 1t has transmitted the remaining packet 1440, after which it exits the

request state, and returns to the waiting state 1402.

If the outcome of the reservation request 1436 was not SUCCESS 1438, the
node participates in a random draw 1444 to learn whether to increment 1484 its stack

level by 1 or leave 1446 1ts stack level at 0. If the stack level remains 1446 at O, the node
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again randomly picks 1436 a reservation minislot for transmission of an access request
and transmits the access request. If the stack level is incremented 1448, the stack level
will not be 0 1434. If the stack level of any remote node is not 0 1434, then if the
outcome of all the reservation requests during the previous cycle was COLLIDED 1460
5 for greater than or equal to some THRESHOLD percentage, the node increments 1462

)
its stack level by 1. If the outcome for the previous reservation request was not

COLLIDED 1460, the node decrements 1464 its stack level by 1.
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Claims

1. A method of access priority control in a remote terminal of a wireless

communications system, the method comprising the steps of:

selecting a backoft delay from different backoff delays respectively associated
with pre-established access priority classes after determining that a transmitted access

request signal has not been received at a base station in the wireless communications

system; and

transmitting a new access request signal on a selected logical access channel to

the base station after the backoff delay.

2. The method of Claim 1, wherein a higher access priority class is associated with a

lower backoft delay.

3. The method of Claim 1, wherein a lower access priority class is associated with a

higher backoft delay.

4. The method of Claim 1, wherein determining that a transmitted access request
signal has not been received by the base station includes monitoring for receipt of an

acknowledgement signal from the base station indicating receipt of the access request

signal.

5. The method of Claim 1, further including the step of incrementing a variable
indicative of a number of access request transmission attempts made to the base station
after the determination that the previously transmitted access request has not been

recetved by the base station.

6. The method of Claim 5, further including the step of comparing the access
request transmission attempt variable to a value indicative of a maximum allowable
number of transmission attempts, the maximum allowable transmission attempt value

being a function of the pre-established access priority classes.
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7. The method of Claim 6, further including the step of dropping the access request
when the access request transmission attempt variable 1s greater than the maximum

allowable transmussion attempt value.

8. The method of Claim 7, wherein the backoff delay selection step is performed
when the access request transmission attempt variable 1s not greater than the maximum

allowable transmussion attempt value.

9. The method of Claim 1, wherein the pre-established access prionty classes relate

to one of service level, message content, and delay requirements.

10.  The method of Claim 1, further comprising the step of receiving the backoff

delays from the base station.

11.  The method of Claim 1, wherein the backoff delays are associated with random
distributions of backoff delays which are respectively associated with the pre-established
access priority classes and the selected backoff delay 1s selected from one of the

distributions.

12. The method of Claim 1, further including the step of selecting the logical access
channel for transmission from among a set of logical access channels, the set including a
quantity of logical access channels, the quantity being a function of the pre-established

access priority classes.

13.  The method of Claim 1, further including the step of selecting the logical access
channel for transmission by selecting a preamble and a ume offset from a set of

preambles and a set of time offsets associated with a plurality of logical access channels.

14.  The method of Claim 13, wherein the set of time offsets are a function of the pre-

established access priority classes.
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15. The method of Claim 1, wherein the pre-established access priority classes have
probabilities assigned thereto such that an access request signal is transmitted according

to the assigned probability of the class with which the access request is associated.

16. The method of Claim 1, wherein the wireless communications system is a UMTS.
17. The method of Claim 1, wherein the selected logical access channel is a RACH.
18. A method of access priority control in a base station of a wireless

communications system, the method comprising the steps of’

broadcasting backoff delays respectively associated with pre-established access

priority classes; and

transmitting an acknowledgement signal to a remote terminal in the wireless

communications system from which an access request signal has been received.

19. Apparatus for access priority control in a wireless communications system,

comprising:

a remote terminal configured for selecting a backoff delay from backoff delays
respectively associated with pre-established access priority classes after determining that
a transmitted access request signal has not been received at a base station in the wireless
communications system, and for transmitting a new access request signal on a selected

logical access channel to the base station after the backoff delay.

20.  The apparatus of Claim 19, wherein the remote terminal is a mobile terminal
21.  The apparatus of Claim 19, wherein the remote terminal is a fixed terminal.
22 The apparatus of Claim 19, wherein a higher access priority class is associated

with a lower backoff delay.

23.  The apparatus of Claim 19, wherein a lower access priority class is associated

with a higher backoftf delay.
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24.  The apparatus of Claim 19, wherein determining that a transmitted access request
signal has not been received by the base station includes the remote terminal monitoring
for receipt of an acknowledgement signal from the base station indicating receipt of the

access request signal.

25.  The apparatus of Claim 19, further wherein the remote terminal increments a
variable indicative of a number of access request transmission attempts made to the base
station after the determination that the previously transmitted access request has not

been recetved by the base station.

26.  The apparatus of Claim 25, further wherein the remote terminal compares the
access request transmission attempt variable to a value indicative of a maximum
allowable number of transmission attempts, the maximum allowable transmission attempt

value being a function of the pre-established access priority classes.

27.  The apparatus of Claim 26, further wherein the remote terminal drops the access
request when the access request transmission attempt variable is greater than the

maximum allowable transmission attempt value.

28.  The apparatus of Claim 27, wherein the remote terminal performs the backoff
delay selection step when the access request transmission attempt variable is not greater

than the maximum allowable transmission attempt value.

29.  The apparatus of Claim 19, wherein the pre-established access priority classes

relate to one of service level, message content, and delay requirements.

30.  The apparatus of Claim 19, further wherein the remote terminal receives the

backoft delays from the base station.

31.  The apparatus of Claim 19, wherein the backoff delays are associated with
random distributions of backoff delays which are respectively associated with the pre-
established access priority classes and the selected backoff delay is selected from one of

the distributions.
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32.  The apparatus of Claim 19, further wherein the remote terminal selects the
logical access channel for transmission from among a set of logical access channels, the
set including a quantity of logical access channels, the quantity being a function of the

pre-established access priorty classes.

33.  The apparatus of Claim 19, further wherein the remote terminal selects the
logical access channel for transmission by selecting a preamble and a time offset from a
set of preambles and a set of time offsets associated with a plurality of logical access

channels.

34.  The apparatus of Claim 33, wherein the set of time offsets are a function of the

pre-established access prionty classes.

35.  The apparatus of Claim 19, wherein the pre-established access priority classes
have probabilities assigned thereto such that an access request signal is transmitted
according to the assigned probability of the class with which the access request is

associated.

36.  The apparatus of Claim 19, wherein the wireless communications system 1s a

UMTS.

37.  The apparatus of Claim 19, wherein the selected logical access channel 1s a

RACH.

38.  Apparatus for access priority control 1n a wireless communications system,

comprising:

a base station configured for broadcasting backofl delays respectively associated
with pre-established access priority classes and for transmitting an acknowledgement
signal to a remote terminal in the wireless communications system from which an access

request signal has been received.
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