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TRAFFIC SUPERVISION

BACKGROUND OF THE INVENTION

The present application is a continuation-in-part of U.S. Patent Application
Serial No. 08/529,559, entitled “PACKET SWITCHED TRAFFIC MANAGEMENT
IN A CELLULAR TELECOMMUNICATIONS SYSTEM", Attorney’s Docket No.
27946-00106, filed on September 18, 1995.

Field of the I .
This invention relates to packet switched telecommunications systems and,
more particularly, to a method and system for packet switched radio channel traffic

supervision in a telecommunications system.

Hist f the Prior A
As the capability to offer a greater number and variety of services within
cellular telecommunications systems develops, packet switched services will play an
increasingly important role in the field of cellular telecommunications. The
application of many computer and related data services to cellular systems requires the
transfer of single or multiple data packets over the radio link of a cellular
telecommunications system. Certain of these services such as e-mail and tele-banking
may be implemented with a store and forward short message service. Other services,
such as terminal emulation, local area networks, bank server access, and credit card
verification, however, require interactive usage, short time delays and the capability
to handle data packets of widely varying lengths. It is certain that future cellular
systems will have to support such services with an efficient packet-data service.
Recognition of the importance of packet data services has resulted in the
current effort of the European Technical Standards Institute (ETSI) to develop such
a service for the European 2+ Group Special Mobile (GSM) cellular system. This
recognition has also resulted in an effort to design packet-data service capability into
the Universal Mobile Telephone System (UMTS) currently under development in the
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switched mobile stations on the shared downlink (DL) of a packet switched radio
channel (PRCH) and, by one or more mobile users sharing the uplink (UL) of the
PRCH. The DL PRCH is shared by network users on a queued basis. The UL PRCH

10 is shared by each mobile user accessing the channel in random fashion, as the mobile

user requires, to transmit data to the system.

A common method of allowing access to the PRCH is through a packet-
switched contention mode. The currently defined CODIT UMTS packet-data service
is of the contention mode type. In the packet-switched contention mode mobile users

15  transmit data packets on the PRCH when it is necessary to transfer data. An
identification of the transmitting mobile user is contained in each data packet. The
" transmission of data packets by the mobile user may be done either randomly, or upon
sensing an idle signal indicating that the packet-data channel is not presently used by
another mobile station. If two or more mobile users simultaneously contend for an
20 idle packet-data channel, the system will only allow one access to the channel. Mobile
users unsuccessful at accessing the channel must repeat the transmission of the data
packet until it is accepted by the system. The system users transmitting data packets

to mobile users also contend for the downlink by being placed in a queue.

Because in such a system each user accesses the packet-switched channel in

25 a random fashion, uncontrolled flow of users td, from, and between the packet-
switched radio channels of a cellular system may cause packet transmission delays in
the system. The delay may be incurred by both mobile users on the uplink and
network users transmitting to mobile users on the downlink. As the number of packet
calls on the packet switched channel increases, the average transmission delay for each

30  packetcall increases. In some applications the delays may be unacceptable.
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Packet -swi t ched data service in a cellular tel ecomunications network is
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'SUMMARY OF THE INVENTION
The present invention provides a method and system for packet switched radio
channel (PRCH) traffic supervision. The invention allows a system operator to set the
15  maximum average packet transmission time delay that will be incurred in a packet call.
By setting a maximum average time delay on one or more PRCHs of a system and
monitoring the delays in packet calls on the PRCHs, a system operator can assure that
~ PRCH users are not subject to unaccéptable delays. This avoids the problems
associated with conventional contention mode packet switched systems in which users
20 randomly contend for use of a PRCH. In such conventional systems the average time
delay for packets increases as the number of users contending for the PRCH increases.
In one embodiment, the invention comprises a PRCH traffic supervision
function for each PRCH of a telecommunications system. The traffic supervision
function utilizes data contained in packet reports generated within the system for each
25 data packet transmission on the PRCH. Upon receiving a new packet report the traffic
supervision function calculates a packet size value (in time), a packet delay value and
a value of elapsed time since the previous packet report was received. The packet size,
packet delay and elapsed time are then used to calculate an estimate of average data
traffic for each packef call, an estimate of average data traffic for the PRCH and an
30  estimate of the average packet delay for the PRCH. The values calculated in the traffic
supervision function may then be used to determine if a packet call should be admitted
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Therefore, a need PREHpesomes conggitedaod and system for controlling packet
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chosen for adn ssTbeexcessarafficanhertitor sonitors the estimate of average data traffic for each packet
5 call on the PRCH to determine if the average data traffic has exceeded a required
maximum data traffic for that packet call. If the average data traffic exceeds the
required maximum data traffic for any packet calls, the packet calls may be expelled
from the PRCH.
In alternatives of the embodiment, the estimated average data traffic for each
10  packet call, the estimated average data traffic for the PRCH and, the average packet
delay for the PRCH may be calculated for the uplink and downlink of the PRCH
separately, or, as values for the combined uplink and downlink of the PRCH. The
excess traffic monitor may also monitor traffic on the uplink and downlink of the

PRCH separately, or, on the combined uplink and downlink of the PRCH.

15
BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the method and system of the present
invention may be had by reference to the following detailed description when taken
in conjunction with the accompanying drawings wherein:
20 FIG. 1 is a block diagram of a cellular telecommunications system into which

the present invention may be implemented;

FIG. 2 illustrates the control plane protocol architecture for the packet
switching fimctions of a cellular telecommunications system into which the present
invention may be implemented;

25 FIGS. 3A and 3B illustrate the exchange of signals on the downlink and uplink,
respectively, of a cellular system packet radio channel operating according to an
embodiment to the present invention;

FIG. 4 is a functional block diagram of packet radio traffic management
functions within a cellular system operating according to an embodiment of the present

30 invention;
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FIG. 9 is a flow diagram illustrating process steps followed by the packet radio
channel resource manager according to an embodiment of the present invention;

15 FIG. 10 is a schematic block diagram illustrating a packet traffic supervisor
according to an embodiment of the present invention; and
FIG. 11 is a schematic block diagram illustrating a packet traffic congestion
control function according to an embodiment of the present invention.

20  DETAILED DESCRIPTION

Referring now to FIG. 1, therein is illustrated a block diagram of a cellular
telecommunications system 100 into which the present invention may be implemented.
Cellular system 100 comprises mobile control node (MCN) 102, radio network
controllers (RNCS) 104 and 106, base stations (BSs) 108, 110, 112, 114, 116 and .118,
25 and mobile stations (MSs) 120, 122 and 124. Each base station 108, 110, 112, 114,
- 116 and 118 controls system radio communications with mobile stations within the

radio coverage area, termed a cell, of the base station.
Mobile stations 120, 122 and 124 communicate with a particular base station,
of base stations 108, 110, 112, 114, 116 and 118, depending on which base station’s
30 coverage area the mobile is located. In FIG.1 mobile stations 120, 122, and 124 are
shown to be communicating via radio interfaces 128, 130 and 132 with base stations
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to the PRCH or if a packet call should be expelled fromthe PRCH when
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traffic supervision function also includes an excess traffic nonitor.

The excess traffic nonitor nonitors the estimate of average data traffic
for each packet 5 call on the PRCH to determne if the average data
traffic has exceeded a required maxi.gum data traffic for that packet
call. If the average data traffic exceeds the requi red nmaxi num dat a

traffic for any paskaR afdlie;respéttivelpn ckeesﬁﬁbdssoscayohﬁdmméé@demdmmdrom
t he PRCH. In alternatlves of the enbodinment, the estlmated

average data t r aferwork gpntealler 104, and, base stations 414, 116 gpd 418 RIS EORAEC tedde mgdio dat a
traffic for the FRigddnRBdhtolit9108Y RAAS fethdfiGhtrollers 104 and 106 are in tum connected

to mobile control node 102. Mobile control node 102 is a switching center that
5  supports the interconnection of the cellular system to fixed network 126. Mobile
control node 102 may be comnected to fixed network 126 by landlines or other
equivalent connections. The fixed network 126 may comprise an internet network, a
public switched telephone network (PSTN), an integrated services digital network
(ISDN), a packet switched public data network (PSPDN), or a X.25 system. While the
10 cellular telecommunications system of FIG. 1 is shown as a particular configuration,
the block diagram is intended to be only an exemplary configuration of a system into
which the present invention may be implemented. The invention has application to
any packet switched radio system in which users contend for a packet switched radio
chamnel (PRCH).
i5 In an embodiment of the invention, cellular system 100 operates according to
protocols developed for the Code Division Testbed (CODIT) Universal Mobile
Telephone System (UMTS) project with the PRCH contention mode access specified
for the CODIT/UMTS controlled by the PRCH traffic management function of the
invention. The UMTS is a mobile communication system using direct sequence code
20 division multiple access (DS-CDMA) with a multi-rate radio interface architecture.
In the CODIT/UMTS system packet radio service is provided to mobile stations 120,
122 and 124 via one or more PRCHs. Each base station 108, 110, 112, 114, 116 and
118 establishes and terminates one or more PRCHs at the request of radio network
controllers 104 and 106 or mobile control node 102. The PRCH is a full duplex,
25  asymmetrical channel that can be operated independently on both the uplink (UL) and
downlink (DL) at variable mobile station data rates up to 9.6 kbps (narrow band
channel) or up to 64 kbps (medium band channel). MCN 102 can attach multiple
mobile stations to a single PRCH within a single cell. To distinguish several mobile
stations on a PRCH, MCN 102 assigns each mobile a virtual connection identifier
30 (VCI) when it grants access. The VCI is represented by a k bit number and serves as |
a unique address within the area controlled by MCN 102.
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of packet radio traffic managenent functions within a cellul

syst em oper &t i nplusabitiofangbile stations. Onithed/lxthn mehileisiations rmay share ageess to ti on;
PRCH if within the coverage area of the same base station. After gaining access to the
PRCH, the mobile station transmits the packet to the system over a physical channel.
The logical channel PRCH is mapped onto two physical channels comprising a
physical data channel (PDCH) and a physical control channel (PCCH). Two base
10  station transceivers are required for supporting one PRCH.

Referring now to FIG. 2, therein is illustrated the protocol stack 200 for the
packet switching functions of the CODIT/UMTS. In the mobile station the mobile
station protocol stack (MS/PS) 218 comprises a network layer 202, data-link control
(DLC) layer 204, a medium access control (MAC) layer 206, and the physical layer

15  208. On the network side, the network protocol stack (NW/PS) 220 comprises a
network layer 210 and a DLC layer 212, each located within either the MCN or RNC,
a medium access layer (MAC) 214 located within the base station and MCN or RNC,
and a physical layer 216.
The connectionless packet service (CLPS) entity of network layer 202 provides
20 the packet service to the mobile station. The CLPS of network layer 210 provides the
functions of registration, authentication, assigning and administering VCIs and
interfacing to a packet data network. During a packet call, the CLPS entities use a
logical link administrator (LLA) to initially route packet service set-up signals via a
dedicated control channel (DCCH and CC). After the packet service set-up, the
25 mobile station is attached to a PRCH and all messages between the CLPS, including
mobile station data packets, are passed through the DLC to a packet-radio (PR) control
entity. The PR entity is also responsible for normal mobile telephone system functions
such as handover, connection re-establishment, etc.

The packets to be transmitted on the PRCH are fragmented, protected with a

30 block code (BC) for detecting transmission emrors on the receiving side,
convolutionally encoded, interleaved (IL), switched through a multipiexer (MUX) and
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PRCHs distributed among the cells controlled by base stations 108, 110, 112, 114, 116
and 118. '
| Referring now to FIGS. 3A and 3B, therein are illustrated the exchange of
10 signals on the uplink (UL) and downlink (DL), respectively, of a cellular system
PRCH operating according to the present invention. FIGS. 3A and 3B show the signal
exchanges between a mobile station (MS) 300 and the network (NW) 302. Mobile
station 300 is shown ﬁmctiona_lly as mobile station protocol stack (MS/PS) 218 and
mobile station system manager (MS/SM) 220. Network 302 is shown ﬁmctionnlly'as
15  network protocol stack (NW/PS) 222 and network system manager (NW/SM) 224,
The protocol stack is responsible for data transmission and the system manager is
responsible for control and supervision of the connection between the network and the
mobile station.
For uplink (UL) packet transmission and reception the following scheme is
20 used (the steps correspond to the numbering of the arrows in FIG. 3A).
1U.  The MS/PS 218 can send three different kinds of packets to the NW/PS
222, two of which require acknowledgment.
a. Packets requiring acknowledgment:
. packets containing user data; and
25 . packets containing user data with piggy-backed
downlink reports (DLRs).
b. Packets not requiring acknowledgment:
. packets containing only DLRs.
, A timer is set in MS/SM 220 when a packet requiring acknowledgment
30 is sent. If the timer expires before an acknowledgment is received, the
packet is considered to be lost.
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Cel lul ar system 100 conpri ses nobile control node (MCN) 102, radi o network
controllers (RNCs) 104 and 106, base stations (BSs) 108, 110, 112, 114, 116
and 118, 25 woonildsgobil e stations (MSs) 120, 122 and 124. pcaskémsa-

station 108, 110, 112, 114, 116 and 118 controls systemradio
communi cations with nobile stations within the radi o coverage area,
ternmed a cell, of the base station. Mobil e stations 120, 122
and 124 communicate with a particul ar basg station, of base stations

108, 110, 112, 114, 116 and 118, dependi ng on whi ch base station's 30
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132 with base stations theend ofmmmagaacket stop signal is sent to the NW/SM
PCT/ SE96/ 01344 224 indicating that the last quality sample has been sent fgr that
parhcular packet.
5 3U.  After receiving a UL data packet, a UL packet report is sent to NW/SM
224. This report contains information required for traffic supervision.
4U. M the UL packet contains a piggy-backed DLR or if the packet is a
stand-alone DLR, the DL quality estimate is extracted and forwarded
to NW/SM 224.
10 SU. If the transmitted UL data packet requires an acknowledgment, an
acknowledgment message is sent from NW/PS 222 to the MS/PS 218.
The message can be either stand-alone or piggy-backed on a DL
mobile station information packet.
6U. Upon receiving an acknowledgment in MS/PS 218, A packet
15 acknowledged signal is sent to MS/SM 220. If no acknowledgment is
received before the timer introduced in Step 1 above expires, a packet
lost message is sent to the MS/SM 220.

For DL packet transmission and ieoeption the following scheme is used (the
20 steps correspond to the numbering of the arrows in FIG. 3B):
1D.  The NW/PS 222 can send three different kinds of packets to the MS/PS
218, two of which require acknowledgment.
a.  Packets requiring acknowledgment:
. packets containing user data; and
25 . packets containing user data with piggy-backed
acknowledgment/no acknowledgment (ack/nack)
| information for previously received UL packets.
b. Paékets not requiring acknowledgment:
. packets containing only ack/nack information for

30 previously received UL packets.



108, 112 and 116, respectively. Base stations 108, 110 and 112 are

connected to radio network controller 104, and, base stations 114,
116 and 118 are connected to radio network controller 106. Radio
network controllers 104 and 106 are in turn connected to nobil e

control node 102. Mobile control node 102 is a switching center that 5
supports t hewgwmwsewnnecti on of the cellular systemto fi xedPGRSENOI34426.

Mobi | e control node 102 may be connected to fixed network 126 by
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i nvention. The UMTS i3a nWhen receivingidPl duth packsyineMBRIA 18 gqurlityesemplesgtronce

code 20 division multip ths% | o '

interface architecture. Mﬁ’?%{e‘ I sysﬂ%ﬁgﬁg%ﬁ?‘gﬁl'

service is provided to nolpacketsd packetrstoplsighal is sent to MSYSM:220 ifididatingetbatsheor

nmore PRCHs. Each base statjon 108, 110 12, 114, .116 an 118

est abl i shes}8nd terni nat es“%ﬂ@éﬁysﬂﬂ;‘éhﬁ%é% sent ?fﬁgﬂrl”@-&}jggf%e} adi o

net wor k cont L o e! SAREAeBding O pitked B sfpnsll il iy inaldit skt PRCH
channel

is a full duplex, 25 asymmetrical” char .that can be operated
i ndependent |y on both t he MB/RS1R18.UThis gstimate is a measupe, pf thr quality of theentireip| e

nobil e station data rates ﬁﬁ@k&t%etﬂ'og tﬁpﬂf; (narrow band
SD. A DownLink Report (DLR) containing an ack/nack message and a
15 quality estimate is sent to NW/PS 222 for each received DL packet
containing user data. The DLR can be sent either stand-alone or piggy-
backed on a UL user data packet. After receiving the DLR in NW/PS
222, the quality estimate is forwarded to NW/SM 224.

6D. Ifthe ack/nack information in the DLR contains an acknowledgment,
20 : a packet acknowledged signal is semt to NW/SM 224. If no
acknowledgment is received before the timer introduced in Step 1

above expires, a packet lost message is sent to the NW/SM 224.
Referring now to FIG. 4, therein is a functional block diagram of packet radio
traffic management functions within a cellular system operating according to the
25 present invention. The functionality of the packet radio traffic management, which is
logically located in the NW/SM 224, comprises three main blocks: PRCH manager
402, resource manager 404 and PRCH controllers 406a, 406b, 406c and 406d.
Normally, there is one PRCH manager 402 for each base station of the system. Ifa
base station supports more than one cell, there is one PRCH manager 402 for each cell.
30  The number of PRCH controllers 406a, 406b, 406¢c and 406d, depends on the number
of PRCHs necessary and, resources available, for packet switched traffic in the cell.



channel) or up to 64 kbps (nedium band channel). MCN 102 can attach

mul tiple nobil e stations to a single PRCH within a single cell. To
gi-stngutstr—severat—obite STATTons on a PRCH, MCN 102 assigns each
nobile a virtual connection identifier 3 0 (VCl) when it grants access.
The VCI is represented by a k bit nunber and serves as a uni que
address wit {igeflgeyear ea controlled by MCN 102. VOPRT/SESENS44 -
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The PRCH is structured in ten ns tinme slots to convey fragnmented packets
bet ween nobil e stations 120, 122 and 124 and the network. On the DL, the
- nobi l e control node 102 can send npRile stati on data packets and

i nformati on for control I i ng the access and data transfer on the UL

to one nobile Sﬁ.q{.i b éﬂtgﬁq qfiésltymérea?efoﬁrpkcmu{ﬁbbéw mmﬂe

stations. On the e statlons may share access to a
PRCH.if within cohtollmmnuqie oacd*.RGHtehmpsane ah axplink 1and idownlipks. t é'heg’&qﬂ ng

access 10 the  munager 50K tryhiA IRR W oBlello Pl b LOUTIRAG obliGe RATRHEP 1

system over a

) the cell. Reception of a service request via the NW/PS 222 invokes the PRCH
5 - manager 402. The PRCH manager 402 will also be invoked if a packet call has been
expelled from a PRCH due to congestion and a packet call expelled indication is
received from a PRCH controller. Additionally, the PRCH manager 402 will be
invoked if an internally generated admission queuve signal or a PRCH setup

grant/denial or release grant/denial signal from the resource manager is received.

10 A service request could be received in' any of the following situations:

1 A new user wants access to a PRCH to initiate packet switching

service.

2) A user wants to make handover from a PRCH of another cell to a

PRCH of the cell in which PRCH manager 402 is located.
15 3) A user wants to re-establish a lost PRCH connection.

4 A user wants to update its traffic requirements, see below.

Each traffic event listed above results in a service request being forwarded to
the PRCH manager. The service request contains information necessary for evaluation
by service request evaluation function 408 of PRCH manager 402. The information

20 includes:
. Type of request .
. Required estimated average user data traffic, P, (scaled to the
maximum user bi trate of the PRCH). This comprises separate
parameters for each of the UL and DL.

25 . Required estimated maximum user data traffic, Py,, (scaled to the

. maximum user bi trate of the PRCH). This comprises separate
parameters for each of the UL and DL.

. Priority, Pri. This parameter can assume a value within the interval

[O,Pri,,.J. The priority can be assigned on the basis of the mobile
30 station initiating the call or being called, or on another basis.



The | ogi cal channel PRCH is mapped onto two physical channels conprising a
physi cal data channel (PDCH) and a physical control channel (PCCH). Two
base 10 station transceivers are required for supporting one PRCH.
Referring nowto FIG 2, therein is illustrated the protocol stack 200 for
t he packet sw tch| ng functions of the CODI T/UMIS. In the nobile
stati on the niwoidrAas3s station protocol stack (MS/PS) 218PEBRBIMMY 5
network | ayer 202, data-link control (DLC) layer 204, a medium
access control (MAC) |ayer 206, and the physical |ayer 15 208. On the
network side, the network protocol stack (NWPS) 220 conprises a

network |ayer 210 and a DLC | ayer 212, eachid-ocated within either the MCN
or RNC, a medi um access |ayer (MAC) 214 |ocated within the base
station and MCN or RNG service u@fﬁemﬂmhwmﬁamlceiﬁuest evaluation function The

connecti onl ess packet service (CLPS) entity rk |ay 20 es
20 the packet s‘%ﬂsw I;‘eﬂle(ﬁef‘ﬂ@ I’PHB‘FS% ﬂ%ﬁ‘ﬁ‘?f‘oﬁ“ wm%ﬁ e’ﬁé’f E P?’:Q}'g
210 provides the 4. éﬂuﬁ{;&fam éﬂ&bSM@FPMHc&MQﬂWMAMc or

assi gning and adm R s an Interfacing to a packet dat a
networ k. Duri ng amsd.cRRCHanéﬂagertma\\ﬁl%mhtBRmésom 06a, 406b, 4Q§g4 rA06d i nk

admnistrator_ (LLA),.to jnitiall S aa

dedi cated control ﬁ‘gﬂ’l’éf 5@‘% Wﬁﬁ rﬁ}%ﬁﬁtgﬁﬁ{ gerw ce se% Vlgp,

the 25 mobi | e ﬁkikél&f‘cdlﬁs%biﬁﬂﬁﬁdd &wmmcnmmmmen t he

CLPS, including nobi |l e station data packets re passed t t he

DLC to a packet - regguest és:demqslohx al} | PRCH m“"‘ﬂﬁﬁ a, fﬂf&’lﬂﬁe%rﬁ’ﬁtwlsc%%

responsi bl e for ngrng ta%é,gﬁskﬂh@ awaéniear&ifﬂw ket &MCRoda
ment, et C. he

handover, connectlon re €s ackets to

be transmtted onbéia.a1Rmm51¢rmueﬂwumajhesdmi§ﬁmwﬂah@@mmuk
code (BC) for detecting transm ssion errors on the receiving side,
convol uti onalt?Py eftded, interleaved (L), switched through a nultipl exer

(MJX) and A packet call placed in the admission queue is temporarily suspended, i.c., no
information is allowed to be exchanged between the users. If the packet call is not
placed in the admission queue, a service denied signal is sent to the user. If the packet
call is to be placed in the admission queue, the PRCH manager informs the users by

15  sending a packet call suspend indication signal.

A packet call expelled indication signal is received in PRCH manager 402 from

a PRCH controlier when a packet call is expelied from a PRCH due to congestion, i.c.,
the packet call is removed from the PRCH. A packet call expelled indication signal
is evaluated through the packet call expelled evaluation function 422. In the packet

20  call expelled evaluation function 422 the PRCH manager 402 sends a PRCH
admission request for the expelled packet call to one of PRCH controllers 406a, 406b,
406¢ or 406d. PRCH manager 402 will try each PRCH controller 406a, 406b, 406¢
or 406d until admission is granted or the expelled packet call is not admitted in any of
the PRCH. |

25 If the packet call is not admitted in any of the existing PRCHs, PRCH menager
402 decides if the expelled packet call should be detached or if the expelled packet call
should be put in the admission queue 420 by using the admission queue handling
function. If the expelled packet call is placed in admission queue 420, the packet call
is temporarily suspended and a packet call suspend indication signal is sent to the user

30  viaNW/PS 222. If the expelled packet call is not placed in the admission queue 420,
a packet call detach indication signal is sent to the user via NW/PS 222,
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t i PC on, e.g. for power
control, may . al so be transferred via the PCCH On the receiving
side, the fragnents are reconstructed fromthe received sanples,
reassenbl edwgwmepp@cket s, and forwarded to a connecipcyskEssmqaacket

service (CLPS) entity. \Wen a bl ock decoder on the receiving 5 si de
detects the receipt of an erroneous packet fragnent, a packet radiotcontrol
function requests its retransmssion. In cellular system 100 there nmay be
sever al PRCHs distributed anong thg.cells controlled by base
stations 108, 110, 112, 114, 116 and 118. Ref erri ng

how to FIGS. 3A a”dﬁ%“‘iﬁ%nd Bﬂqhédﬁlé Gidatkd BatRHE %o:?&uewt;zo

signals on the uplink ownl’i , respectrve Y, a cellular
system n@ha&bmsmwmmémmmm bnnumsnsetﬂth!s 3A

B oo e AR B A S I
as’ nobi | e st at i thetadissicnxmieuctandiing(fbstioivd 1 (0 I8 tieradmission quemhidlagﬁmﬁmon
etuork pr & ocdhe PREHmetagrA4? s9ds o PRCHAMRIIO0 SRS oh 6 P8Sket GllRdly 224,
admission queue with the highest pnonty to one of PRCH controllers 4062, 406b,
406c or 406d. PRCH manager 402 will send the admission request to each PRCH
controller 406a, 406b, 406¢ or 406d until admission is granted or the packet call is not
admitted in any of the PRCHs. If the packet call is admitted to any of the PRCHs, a
10  packet call resume indication signal is sent to the user via NW/PS 222,

PRCH manager 402 also decides when it is necessary to set up a new PRCH
or release an existing PRCH through the PRCH management function 412. In the case
of both PRCH setup and PRCH release, a step up or release request signal is sent to
resource manager 404 which controls the allocation of system resources for PRCHs.

15  Resource manager 404 either denies or grants the request by sending a setup request
.grant or a setup request denied signal to PRCH manager 402 or sending a release
request grant or release request denied signal to PRCH manager 402.
Each PRCH controller 406a, 406b, 406¢ and 406d supervises the traffic on one
PRCH of the cell. There is one PRCH controller for each PRCH in a cell. Each
20 PRCH controller 406a, 406b, 406c and 406d receives traffic information on the PRCH
that it controls from NW/PS 222 in a packet report. The packet report is evaluated by
the PRCH traffic supervision function, 414a, 414b, 414c or 414d, for the relevant
PRCH. The information contained in the packet report is used to decide if new packet
calls can be admitted to the PRCH through the PRCH admission control function,
25 416a, 416b, 416¢c or 416d, when an admission request is received from PRCH manager
402. The information contained in the packet report may also be used to decide if the
PRCH congestion control function, 418a, 418b, 418¢ or 418d, should be used to expel
an already admitted packet call due to PRCH overload. In this case a packet call
expelled indication signal is sent to the PRCH manager. The PRCH manager then
30  decides if the packet call should be temporarily suspended or detached through the
packet call expelled evaluation function 422. Depending on this decision, the users



The protocol stack is responsible for data transm ssion and the system

manager i s responsi bl e for control and supervision of the connection
bet ween the network and the nobi |l e station. For uplink
(UL) packet transm ssion and reception the follow ng schene is 20 used

(the steps correspond to the nunbering of the arrows in FIG 3A).

| U. The MS/ PSy@éfhesnn send three different kinds of packets PCI/SERGOISNY PS
222, two of which require acknow edgnent. a.

Packets requiring acknow edgnent :

packets contai ning user data; and 25

packets containing user data with pi ggy backged

downl i nk reports (DLRs). b. Packets not requiring
acknow edgnent:  are informed by a packet call suspend ifidicatioposigeal or @Quaickétdall gdetachy
DLRs. _ Atinmer is set in M5/ SM 220 when a packet

requi ri ng acknow indigation sigral. Is sent. If the tinmer expires

el or & 2 ASKIOU 2Tl i gy g tocatonof sy e i

PCT/ SE96/ 01344  radio channels. The PRCH manager 402 may request that a new PRCH be set up or
5  released by sending a PRCH setup/release request to resource manager 404. The
PRCH manager 404 continuously monitors the size of the admission queue 420.
Whenever the total required estimated average data traffic of all packet calls in the
admission queue P, exceeds a limit P, PRCH set for the admission queue, a PRCH
setup request is sent to the higher level resource manager 404. If P, PRCH is set to
10 zero, the PRCH manager always requests more resources as soon as the existing
PRCHs are full. As soon as the number of users attached to a PRCH is zero, a PRCH
release request is sent to the resource manager 404. If granted, the PRCH is released.
PRCH manager 402 and PRCH controliers 406a, 406b, 406c and 406d may be
implemented into the base stations, radio network controllers and mobile control nodes
15  of acellular system such as the system shown in FIG. 1. The actual implementation
may be in either hardware or software, or in a combination of hardware and software,
operating in conjunction with one or more processors. Processors and software for

implementing these types of functions are well known in the art.
Referring now to FIGS. 5A, 5B, 5C and 5D, therein are shown traffic flow
20 diagrams illustrating service request evaluation, packet call expelled evaluation,
admission queue handling and PRCH management process steps, respectively,
followed by PRCH manager 402 according to an embodiment of the present invention.
The PRCH manager 402 receives an input while in the wait state of Step 502
of FIG. 5A. The input may be a service request, a packet call expelled indication, an
25 internally generated admission queue signal or, a PRCH setup grant or denied signal
or release grant or denied signal received from resource manager 404. At Step 504 it
is determined if a service request was received from NW/PS 222. If a service request
was not received, the process moves to Step 534 of FIG. 5B. If, however, a service
request was received, the process moves to Step 506 and begins the service request

30 evaluation.
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10

15

20

25

30

determine whether a response has been received from PRCH controllers 406a, 406b,
406c or 406d. If no response has been received, the process moves back to the wait
state of 510. If, however, it is determined at Step 512 that a response has been
received from PRCH controller 406a, 406b, 406c or 406d, the PRCH admission
request process is completed and the process moves to Step 514, where it is
determined if the response is an admission grant. If the response is an admission
grant, the service request evaluation process is completed at Step 520 and the process
moves to Step 522.

If, however, at Step 514, it is determined that the response is not an admission
grant, it is an admission denied response, and the process moves to Step 516 where it
is determined if the current response was sent from the last PRCH controller to which
an admission request could be sent. If it was not the last PRCH controller, the process
moves to Step 518 and continues the service request evaluation process of Step 506
for the next PRCH. The service request evaluation process of Step 506 is repeated
until an admission grant response is received from PRCH controller 406a, 406b, 406¢c
or 406d, or, until all PRCH controllers have denied admission. When the service
request evaluation process is completed the process moves to Step 522.

At Step 522 it is determined if an admission grant response was received from
any PRCH controller. Ifan admission grant was received from a PRCH controller, the
process moves to Step 524 where a service grant signal is sent to the user via the
NW/PS 308. From Step 524 the process then moves to Step 534 of FIG. 5B. If,
however, at Step 522 it is determined that no admission grant was received from any
PRCH controller the process moves to Step 528. At Step 528 PRCH manager 402
determines, using the admission queue handling function 410, if the packet call is to

UL



a. Packets requiring acknow edgnent: *
packets containing user data, and 2 5 * packet s
cont ai ni ng user data w th piggy-backed

acknow edgnent/ no acknow edgnment (ack/ nack)

information for previously received UL packets.

Packets not rW@9"i¢%Y acknow edgment : P PCTISEWMQP‘
packets contai ning only ack/nack information for 30

previ ously received UL packets. WO 97/ 16039
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A timer is set when packets requiring acknoMredgnent are sent. If the
timer expires before an acknow edgnent is received, the packet is
consi dered t o bebeputin the PRCH adm:ssxomeue.vﬁgﬁdgeggn%tpd)%g\gmggkqt gall in the

transmtted, a DLadex%gi‘lgE E]uéu%&%b §f thé f&ﬁ%é &iterion is fulfilled:
' P e ()P (1) <P (1)

P,..(r) is the required estimated average data traffic for the user as a function of the
5  service request r and P(r) is the requested traffic of all packet calls in the admission
queue of service request type r. P(r) is a measure of the current size of the queue for
the service request type. P, (r) is the maximum allowed requested traffic in the
admission queue 420 as a function of the service request. In alternatives of the
embodiment, the comparison may be done using P,..(r), P (r) and P,,,(r) values for the
10  uplinks and downlinks separately, or, using values for the uplinks and downlinks
combined. It is possible to have a different P, for different types of service requests,
r. Thereby a prioritization between different service requests can be done in Step 528.
For example, when requesting a PRCH during handoff, the value of P,,(r) may be set
higher than the value of P,,.(r) is set when requesting access to a PRCH for the first

15 time.

If it is determined, at Step 528, that the packet call is to be put in the PRCH
admission queue, the call identity is placed in the admission queue 420 and the process
moves to Step 531 where a service grant signal is sent to the user via NW/PS 222. The
process next moves to Step 532 where a packet call suspend indication signal is sent

20 to the user via the NW/PS 308. The process then moves to Step 534 of FIG. 5B. If,
however, at Step 528, it is determined that the packet call is not to be put in the PRCH
admission queue 420 the process moves to Step 530 and a service denied signal 428
is sent to the user. The process then moves to Step 534 of FIG. 5B.

At Step 534 of FIG. 5B, it is determined if a packet call expelled indication

25 was received. If the input was not a packet call expelled indication, the process moves
to Step 562 of FIG. SC. If, however, it is determined at Step 534 that a packet call

' expelled indication was received, the process moves to Step 536. At Step 536 a PRCH
admission request for the expelled packet call is sent to PRCH controller 406a, 406b,
406¢ or 406d from PRCH manager 402. The admission requcst process of Step 536

30  involves Steps 538, 540, 542, 544, 546, 548 and 550. Step 536 is repeated for each

PRCH controlier 406a, 406b, 406¢c or 406d until admission has been requested to all
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extracted for each frane and sent to M5/ SM 220. At the end of the DL
packet, a packet stop signal is sent to M5/SM 220 indicating that the 10
| ast qualit*oaﬁm’usg has been sent for that particul ar packedr/SE9601344"
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moves to Step 546 where it is determined if the admission denied response was sent
from the last PRCH controller to which an admission request could be sent. If it was
not the last PRCH controller, the process moves to Step 566 and repeats the admission
is fequest process of Step 536 for the next PRCH. The packet call expelied evaluation

of Step 536 is repeated until an admission grant response is received from a PRCH
controller or, until all PRCH controllers 406a, 406b, 406¢c and 406d have denied
admission. When the packet call expelled evaluation process of Step 536 is
completed, the process moves to Step 552. | |

20 At Step 552 it is determined if an admission grant response was received from
any PRCH controller during Step 536. If an admission grant was received from a
PRCH controller, the process moves to Step 554 where a packet call update indication
signal is sent to the user via the NW/PS 222. From Step 554 the process moves to
Step 562 of FIG. 5C. If, however, at Step 552 it is determined that an admission grant

25 was not received, the process moves to Step 556. At Step 556 PRCH manager 402
determines, using the admission queue handling function 410, if the expelled packet
call is to be put in the PRCH admission queue. The same admission criteria are used
at Step 556 as was described for Step 528 of FIG. SA. Ifit is determined at Step 556
to place the expelled packet call in the admission queue 420, the process moves to Step

30 560 and a packet call suspend indication signal is sent to the user via NW/PS 222. The '
process then moves from Step 560 to Step 562 of FIG. 5C. | If, however, it is
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t he enmbodi nrent shown in FIG 4, there are four PRCHs in the cell. Each PRCH

controller controls one PRCH conprising an uplink and downlink. The PRCH
manager 402 is invoked when it is necessary for a user to have access to a

PRCH of the cell. Reception of a service request via {,@_@Fg%%g 222
i nvokes the MAGEPI1693 nanager 402. The PRCH nanager 402 wil

i nvoked if a packet call has been expelled froma PRCH due to
congestion and a packet call expelled indication is received froma
PRCH control ler. Additionally, the PRCH manager 402 will be I nvoked
if an internally generated adni ssion queuel8 gnal or a PRCH setup
grant/denial or release grant/denial signal fromthe resource nanager is

received. 10  determinedatStep/356eanot tarplacsithe expeliedpacketsall in-thejadmissipn gpeyene
11 o010, STt e g goves t Sy 558 ade Bl S G iR G o™
to the user via NW/PS 222. The process then moves from step 558 to Step 562 of
FIG. 5C.
5 At Step 562 of FIG. 5C it is determined if an admission queue signal was
received. If an admission queue signal was not received, the process moves to Step
584 of FIG. 5D. If, however, it is determined that an admission queue signal was
received, the process moves to Step 563. At Step 563 it is determined if any packet
calls are in the PRCH admission queue. 1f no packet calls are in the PRCH admission
10 queue 420 of the cell, the process moves to the wait state of Step 502 in FIG. SA. At
Step 502 the process will wait for an input. If, however, it is determined at Step 563
that the PRCH admission queue 420 contains packet calls, the process moves to Step
564. At Step 564 a PRCH admission request for the packet call having a highest
priority in the admission queue 420 is sent to PRCH controller 406, 406b, 406c or
15  406d, from PRCH manager 402.
The admission request process of Step 564 involves Steps 566, 568, 570, 572,
574,576 and 578. Step 564 is repeated for each PRCH controller, 406a, 406b, 406¢c
or 406d, until admission to a PRCH is granted or, until admission has been requested
to all PRCHs. At Step 566 PRCH manager 402 sends a PRCH admission request to
20 PRCH controller 406a, 406b, 406c or 406d. The process then moves to Step 568 as
PRCH manager 402 waits for a response. The PRCH manager 402 periodically checks
at Step 570 to determine whether a response has been received from PRCH controller
406. If no response has been received, the process moves back to the wait state of 568.
If, however, it is determined at Step 570 that a response has been received from the
25 PRCH controller to which the admission request had been sent the process moves to
Step 572, where it is determined if the response is an admission grant. If the response
is an admission grant, the admission request process ends at Step 578 and the process
moves to Step 586. If, however, at Step 572, it is determined that the response is not
an admission grant, it is an admission denied response, and the process moves to Step
30 574 where it is determined if the admission denied response was sent from the last
PRCH controller to which an admission request could be sent.



2) A user wants to make handover from a PRCH of another cell to a

A

Each

PRCH of the cell in which PRCH manager 402 is |ocated. 15 3)
USET WEMTS 10 re-estapi s 05T PRCH COTMECT T oM. 1 A"
user wants to update its traffic requirenents, see bel ow.

traffic event |listed above results in a service request being forwarded to
t he PRCH marvageri6e¥he servi ce request contains informati on pWegsrEeeorys f or

eval uati on

by service request evaluation function 408 of PRCH

manager 402. The information 2 0 I ncl udes: * Type of
request * Required estinmated average user data traffic,
Plerr] (scaled to the Xi mum user bi trate of the

PRCH). This conprises separate
the UL and DL. 25

(scafll '8 "P‘rﬁgm last BRCH ESourSiit, g‘%tpmﬁ‘-&m?ﬁﬁ ﬁﬁ?‘{ Bgéf'%at e of

traffic, Plerr]

ed. e ed nmaxi nu

paraneters for each of

the PRCH). Thi S réjeat® tHicadfhis6ioR fqRést process of Step 564 for the next ARCHAMPhcidiidsiin each

of the UL and DL. Prlorlty,. Pri. This parameter can
assume a val ue FPAUSTEvalvation,of Step| 564 is repeated until an admissign grent;

priority can be g38gi
station initiati
5

10

RSP RGH 1 RCH EpiSBsor il PPN ool 406, 406, 406 and
4064 have denied admission. When the admission request process of Step 564 is
completed the process moves to Step 580.

At Step 580 it is determined if an admission grant response was received from
any PRCH controller in Step 564. If an admission grant response was received from
a PRCH controller, the packet call having a highest priority in the admission queue
420 is removed from the queﬁe and the process moves to Step 582 where a packet call
resume indication signal is sent to the user via the NW/PS 222. From Step 582 the

process moves to Step 584 of FIG. 5D. If, however, at Step 580 it is determined that

_ an admissjon grant was not received, the process moves directly to Step 584 of FIG.

1s-

20

25

30

5D.

At Step 584 of FIG. 5D it is determined if 2 PRCH setup grant was received
from resource manager 402. If a PRCH setup grant was received from resource
manager 402, the process moves to Step 586 and the PRCH manager creates a new
PRCH controller. Next, the process moves to Step 592. If, however, at Step 584, it
is determined that a PRCH release grant was not received, the process moves to Step
588 where it is determined if a PRCH release grant was received from resource
manager 402. If a PRCH setup grant was received, the process moves to Step 590
where the PRCH manager deallocates resources from the PRCH controlier for which
the release request was sent. Next, the process moves to Step 592. If, however, at
Step 588, it is determined that a PRCH setup grant was not received, the process
moves directly to Step 592.

At Step 592 the requested traffic for all packet calls in the admission queue are
evaluated. Next, at Step 594, it is determined if a new PRCH is required. If the total
required estimated average data traffic of all packet calls in the admission queue P,
exceeds a limit P,., PRCH set for the admission queue, a new PRCH is required and
the process moves to Step 596. In alternatives of the embodiment, the comparison of
P,and P, PRCH may be done using a P, and P,.,, PRCH value for the uplinks and

fegRonse iSThe
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A service request is evaluated through the service request eval uation
function 408. In the service request evaluation, the PRCH manager
402 sends a PRCH adm ssion request for a packet call to one of PRCH
control |l ers 4R637n6086b, 406c, or 406d. PRCH manager 48CTAREG/01344y
each PRCH controller 406a, 406b, 406c, or 406d 5 until admission is
granted or the packet call is not admtted in any of the PRCHs. If

the packet call is not admtted in any of the existing PRCHs (the PRCH
adm ssi on request is denied by all .PRCH controllers 406a, 406b,
406c, and 406d), PRCH manager 402 decides if the service request

shoul d be deni edqgnlinks sdperateB b bsifgP | and FOPRCH values for the upliiiksiand doenlinks
adm ssi on queue 420 by using the adm ssion queue handli ng function 10

410. of thp.cqilpormblined o Af Stp 8964 PRGH WP FeAyiestds 5t \g fetpurge nanager
CTPOT o1 24P o 535688 s e .k S o

exchanged bet ween call 1s no aced in the
admi ssi on queue, Step$64 itisdetermined thats npwoPRCH issmotrequized, the precess mpvesithStepack et
call is to be pl d in the adm ssion queue, the PRCH manager inforns the
users by 15 5 seggf'ng a packet call suspend indication signal.

A packet call expel | efls§659Phe fiimBér®f packetcalls 66 atAPRCH BRevhluaed aNext, 02
from a PRCH control |l er when a packet call is expelled froma PRCH

due to congesti ofepi598 it is determined;ifuny FRCFb exigntbat is got cappipg any panket salls. .
PaCKet ol oD AT PRI crvipg s e S SR e
expel | ed eval uat toStep 502 of FIG.SA2 If.howeRe)-atrfiepa 3R it isGiztesmingd that RO more
a0 551 0N 1 CQULS bl Oy ek i SR Sy ket S, AR e BHLo5 385 LB ©
a PRCH release request is sent to resource manager 404 for each PRCH not carrying
any packet call. From Step 599 the process returns to the wait state of Step 502 of
FIG. 5A. ‘
Referring now to FIGS. 6, 7 and 8A-8C, therein are illustrated flow diagrams
15 showing Steps followed by each PRCH controlier, 406a, 406b, 406c or 406d, for the
PRCH traffic supervision, PRCH admission control and PRCH congestion control
processes, respectively, according to an embodiment of the present invention. PRCH
controllers 406a, 406b, 406¢ and 406d each continuously supeivise data traffic, the
average packet delay and, also receive admission requests for a PRCH.
20 When initially activated upon receiving an input from PRCH manager 402, the
process is in the wait state of Step 602 of FIG. 6. While in the wait state of Step 602,
each PRCH controller 4063, 406b, 406¢ and 406d may receive an input in the form of
a packet report from the NW/PS 222, an admission request from PRCH manager 402
or an internally generated activation signal indicating a PRCH congestion check
25 should be done. Upon receiving an input the process moves to Step 604 where it is
determined if a packet report was received. Ifit is determined that a packet report was
not received, the process moves directly to Step 708 of FIG. 7. If, however, at Step
604, it is determined that a packet report was received, the process will move to Step
606 where the PRCH traffic supervisor function 414 updates traffic statistics for the
30 relevant PRCH. The traffic statistics are updated using information contained in the
packet report. Each packet report contains the following information:

A



406c or 406d. PRCH manager 402 wll try each PRCH controller 406a, 406b,

406¢ or 406d until adm ssion is granted or the expelled packet call
| snot—admtted—Tmany of y The PRCFS. 25 Tt The packet
call is not admtted in any of the existing PRCHs, PRCH nanager 402
decides if the expelled packet call should be detached or if the expelled
packet call shoul d be put in the adm ssion queue 'Y t he
adm ssi on (ma‘@‘ﬂ%m i ng function. If the expell e(‘;ﬁng call is
pl aced in adm ssion queue 420, the packet call is tenporarily

suspended and a packet call suspend indication signal is sent to the user
30 via NWPS 222. |f the expelled pacJ‘? t call is not placed in the

adm ssi on queue 420, a packet caft” detach indication signal is sent
}D%T} gégg/sgngza NWFS 2212rénsmittingmobilcuserldeny 1%988 transnntungnetwork%r

A packet call adm ssi on jguseityefopDENAl i ndicates that the adm ssion queue 420
shoul d be checked. The adm ssjon queue_ si gn)al may be generated by a tiner

S et as the 2) Packet size (number of
3) Time stamp (indicating when the packet was placed in the transmission
s . buffer).

4)  Packet type (UL or DL).

Using the information contained in the packet report the PRCH controller calculates
the following:

1)  The packet size (in time), X, is calculated using knowledge about the

10 frame size.

2)  The packet delay, D, is calculated as the difference between the time
the packet report was received and the time the packet was placed in
the transmission buffer (as indicated by the time stamp). Depending
on when the packet report is sent from the protocol stack (at the

15 beginning of the transmission or after transmission completion), the
calculated delay is adjusted so that it corresponds to the time elapsed
at transmission completion.

3) The time elapsed, at, since the previous packet report with the same
packet identifier is received. The time of receival for the last packet

20 report for each packet call is stored for this purpose.

X, D and at are then used to calculate an estimate of average data traffic (Pi)
for each individual packet call an estimate of average data traffic (Pchan) for all
packets calls on the PRCH, and an estimate of the average packet delay (T) for all
packet calls §n the PRCH. In alternatives of the embodiment, values of the Pi, Pchan

25 and T may be calculated for the uplink and downlink of a PRCH separately, or as
values for the combined uplink and downlink of the PRCH. The alternative used
depends on which type of value the.s_ystem operator needs for other functions, i.e.,
whether other functions in the system are using values for the uplink and downlink.
separately or, uplink and downlink combined.

30 The estimate of average data traffic Piy may be updated by calculating Pi for
each new packet report (number N) of the packet call i as follows:



system operator desires. A packet call adm ssion queue signal is eval uated
t hr ough t he adm ssi on queue handling function 410. In the adm ssion
gueue handling function 5 t he PRCH manager 402 sends a PRCH adm ssion
request for the packet call in the adm ssion queue with the highest
priority to one of PRCH controllers 406a, 406b, 406c or 406d. PRCH
manager 402w $¥1688nd t he admi ssion request to each PRCH  PCT/SE®6M18440!| | er
406a, 406b, 406c¢c or 406d until admi ssion is granted or the packet call is
not admtted in any of the PRCHs. If the packet call is admtted to
any ofthe PRCHs, a 10 packet call resune indication signal is sent to
the user via NWPS 222. PRCH omnager 402 al so deci des when it
is necessary to set up a new PRCH or rel ease an existing PRCH

t hrough the PRCH managenment function 412. In the cage of both PRCH
setup and PRCH rel ease, a step up or g€l eage Lflq%ﬁf-—”ﬁi gnal is sent to
resour ce nmanager 404 which controls ﬁe &1 ¥cati o &f systemresources for
PRCHs. 15 Resour ce manager 404 either denies or grants the request by

sendi ng a setup request grant or a setup request denied signal to
PRCH manager 402 awhesgndi ng a rel ease request grant or rel ease
request denied signal to PRCH nanager 402. Each PRCH

control | er 406a, 406b, 406c and 406d superviises the traffic on one

PRCH of the cell. There is one PRAATTOmFoTTer Tor caém PRCH in a cel .
Each 2 0 PRCH control | er 406a, 4016p,7£0€w nd A408d receives traffic

i nformation on the PRCH that 1t cenfo ¥ N\WPS 222 in a packet
report. The packet report is eval uated by the PRCH traffic

supervi sion function, 414a, 414b, 414c or 414d, for the rel evant

PRCH. The infornmati on (hetifievofstam ticorrespondsto thecfilter mensory ¢eosrelation imejle | f

new packet cal | an be adm_tfed to.jhe P t.hr.ou PRCH

admi ssion control func Pﬁ'ﬁ?‘lﬁ'ﬁ?‘”“h‘lg’&,“" %‘1&5”@%‘% , h"’g'r) ig peighted
adm ssi on request@;qgﬁﬁfﬁyed from PRCH manager 402. Thée information
contained in the packet report may al so be used to decide if the

PRCH congestion control function, 418a, 418b, 418c or 418d, should be used
to expel an already admtted packetdﬁﬁrf due to PRCH overload. In
this case a packet call expel l ed i ndi‘cation signal is sent to the
PRCH manager. The PRCH manager then

5  where t; denotes the time elapsed since the last packet report for packet call j and at; |
denotes the time elapsed between packet report j-1 and j. This particular weighting
factor gives older samples less weight than newer samples and proportions the weight
to the time period at; associated with the sample.

The equations shown above for Pi calculation may also be used to calculate
10 Pchan. In this case, the variable Piy and Piy., would be replaced by Pchan, and
Pchan,,, respectively, and packet reports from all packet calls on the PRCH would be
used in the calculations.
The estimate of the average packet delay (Ty) for the PRCH may be updated
by calculating T for each new packet report (number N) of the PRCH as follows:

Ty=ay Ty ,+(1-a,)D

15 where,

1 =
ay= ; @)=

ay
1+e¢ © (l-a"_l)




30 decides if the packet call should be tenporarily suspended or

detached through the packet call expelled evaluation function 422.
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are informed by a packet call suspend indication signal or a packet call
det ach . _indication signal. Resour ce glgg i
control s tWRIYM%¥Ration of system resources for packet radi o

channel s. The PRCH manager 402 may request that a new PRCH be set up or 5
rel eased by sending a PRCH setup/rel ease request to resource manager 404.
The PRCH manager 404 conti nuously nitors the size of the adm ssion

gueue 420. Whenever the total requi’@d estinated average data

traffic of all packet.,calls in the adm . ssion queue Plerrl] exceeds a
limit P[err] PRCH set Wﬁ“ﬂ%ﬁ%‘?ﬁnﬁﬁﬁg’é,ﬁiﬁrﬁﬁéﬁ&m&%gﬁeg request
I's sent to the hi ghenniiR\¢Rlculatiin®f TqRe dbatibitsn fdid a sihgle Phoker(I) isheighted byet t o
10 zero, the PRCH manager al ways requests nore resources as soon as the

exi sting the factor:

¥
e’

where t; denotes the time elapsed since the last packet report received on the PRCH.
5  This particular weighting factor gives older samples less weight than newer samples.
The values Pi, Pchan and T may be used at Step 608 and for the admission

control process (FIG. 7), and the congestion control process (FIG. 8).
After updating the traffic statistics at Step 606, the process moves to Step 608.
At Step 608 it is determined if the excess traffic monitor function is active. If
10  a determination is made that the excess traffic monitor function is not active, the
process moves to Step 708 of FIG. 7. If, however, it is determined that the excess
tfaﬁic monitor function is active, the process moves to Step 610 where it is determined
if any packet call i exists on the PRCH meeting the condition, P>P,,,,;. If no packet
calls exist on the PRCH with P>P,,,), the process moves to Step 708 of FIG. 7. If,
15 however, at Step 610, it is determined that packet call(s) exist meeting the condition,
P>P,.q) the process moves to Step 612. At Step 612 the packet call or packet calls
with P>P ., are expelled from the PRCH and a packet call expelled indication is sent
to the PRCH manager 402 indicating which packet call or packet calls were expelled.
The process then moves to Step 708 of FIG. 7. As an alternative to expelling the
20 packet on the PRCH with P>P . the system could send a request to the user to
change priority or increase its traffic requirements. A change in traffic requirements

would result in a higher P, for the packet call.

Referring now to FIG. 10, therein is a schematic block dizigxam illustrating one
hardware embodiment of thé packet traffic supervision function 414a of FIG. 4. In the
25 embodiment shown in FIG. 10, the traffic supervision function comprises a packet
report receiver 1002 and determiner 1004 for determining the traffic statistics.
Determiner 1004 compriées a data packet time duration calculator 1006, elapsed time



PRCHs are full. As soon as the nunber of users attached to a PRCH is zero,
a PRCH rel ease request is sent to the resource manager 404. If
granted, the PRCH is rel eased. PRCH manager 402 and PRCH
controllers 406a, 406b, 406c and 406d nay be i npl emented into the
base stations, radio network controllers and nobile control nodes 15 of
a cel lul ar swewems3ech as the system shown in FIG 1. The a®CEAES601344°

i npl ement ati on may be in either hardware or software, or in a

conbi nati on of hardware and software, operating in conjunction with
one or nore processors. Processors and software for I npl ementi ng

t hese types of functions are well known in2#he art - Ref erring
now to FIGS. 5A, 5B, 5C and 5D, therein are shown traffic flow 20

di agrams il ustr gdiculgios £008, pa:keedplug&almmmo,owﬁagadmmﬁd ¢almdater 1042,
eval uati on, adm SSI n i,ng an mana nt 0,
steps, respecti vayegage pack cﬂ“fcﬁ‘%@d?gﬂ MMQR% nﬁgrfbgi
enbodi nent of the pre}ﬁﬁm il omedbypackthﬁd%%iﬁnﬁarmﬁémd}m
receives an input while in the vvalt state of Step 502 of FIG 5A.

The input may becantobfunttion of theinvantion, 'B&cﬂ@‘tdlem!ﬂ of ¥i84 7 will bagmtered atitep an
25 t I t I
deni eljns?grgﬂgk Y 989&&0&?2@%@@*8?% ore eﬁlngdAglsg %ogrﬁgg'el Ve r%r)t{ﬁm;“’t o

resource manager uﬂ;ﬁﬂwas%aﬂirﬁﬁxoﬁ@éhubﬂ If an admissibns rquest wasmotirecéive, ﬂnemafﬁe
Tequest was received, f rom NW PSQ@& If a erV| ce request not
received, the prsetsics hae pr apdintepa ¥3@°“‘3ﬁ§ “%ma}évd'ca&ns ice
request was rece @E&n&&&@ﬁ&mﬁﬂ’&%&@hﬁ%&mmﬁ&émﬁw ce
request 30 evaluati o
directly to Step 818 of FIG. 8. If however, at Step 708, it is determined that an
10 admission request was received, the process will move fo Step 710 where the
admission request is evaluated.
The PRCH admission control function 416 evaluates the PRCH admission
request by determining if the following is true:

Peve,, *ZPProye IEUCPH)

where,
1s . Pare,, is the required estimated average data traffic for the new packet
call N.
. p; is the estimated average data traffic on the PRCH from packet call
i |
. U (pri) are the packet calls with priorities higher than or equal to Pri,
20 where Priy is the priority for the requested packet call N.

. Py is the maximum tolerable data traffic on the PRCH.

The above equation is satisfied if average data traffic from packet calls with
priority higher than or equal to the priority of the new packet call plus the estimated
average data traffic required for the new packet call is less than the maximum tolerable

25  traffic p,, Thus, ahigh priority packet call may be allowed to use the PRCH although
the total traffic (including all packet calls regardless of priority) exceeds the maximum
tolerable traffic p,,;. In that case the congestion control function (FIG. 8) will expel
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Fhe—servtee—treguest—evatuatTom O STEP 506 I nvol VES requesti ng PRCH

admi ssion in Steps 508, 510, 512, 514, 516, 518 and 520. The service
request eval uation is repeated for each PRCH control |l er 406a, 406D,
406c and 40Q¢hor16039  Sequentially, until admission to a PRE/SESAsedit ed or
no PRCHs remain. At Step 508 5 PRCH manager 402 sends a PRCH admi ssion
request to one of PRCH controllers 406a, 406b, 406c or 406d.

Thepr ocesst hennovesto Step 510 as PRCH nanager 402 waits for a
response. The PRCH manager 402 periodical by checks at Step 512 to

determ ne whether a response has been received from PRCH control |l ers 406a,

406b, 40 r packit Qs € Wifl Fa ibéfoth the MRaxhRmeSS
noves back to tﬁ)gvep |t%g§g s%g?essgpﬂgﬁig.‘a?f, owever, it 1s determ ned at
Step 512 that atolerahlotrafficPgs been recei ved from PRCH controller

406a, 406b, 406c or 6d. .the Ii{CI-i adnikssi on . s ' S
conpl eted and the pr-ﬁlgeemg’%%%f fsﬁoec%aéeq{"wg mq@é@e"rem ned
i f- the responsedélay ithe PRICH; TQ[) a@ofdihg tol the jektionesponse i s an adni ssi on
grant, the service request evaluation process is conpleted at Step 520 and

t he process515 noves to Step 522. | f, however, at Step
514, it is determined that the respoRee T<=nBt*4Bn admi ssion grant,

it is an adm ssion deni ed response, and tRe process noves to Step 516 where
It Is determned if the current response was sent fromthe | ast PRCH
controller to which an admi ssi aPF£{igID could be sent. If it was

not the | agsp PRCH controller, the process
where f is a function having the same sign as its argument and T is the estimate of the

average packet delay that is calculated by PRCH traffic supervision function and ?Pi

is the sum of the estimated average data traffic for all packet calls on the PRCH.
Because the PRCH controller traffic supervision function continuously
15  monitors T, P, is continuously updated according to the above equations. P, will
| correspond to the traffic level that results in the maximum tolerable delay T,,. In
alternatives of the embodiment, the admission control evaluation can be performed
using Prve, P, P, and aP values for the uplink and downlink of the PRCH separately,

or, using values for the combined uplink and downlink of the PRCH.

20 After evaluating the PRCH admission reciuest at Step 710, the process then
moves to Step 712. At Step 712 the results of Step 710 are checked. If a positive
determination in the evaluation was made, the process moves to Step 714 where an
admission grant is sent to PRCH manager 402. If a negative determination was made
in the evaluation, the process moves to Step 716 where an admission denied is sent to

25  the PRCH manager 402. After the PRCH admission control function 416 sends an
admission grant or denial at Step 714 or 716, respectively, the process then moves to
Step 818 of FIG. 8A. '

At Step 818 the PRCH congestion control function 418 evaluates congestion
on the PRCH. A delay alarm level set by the system operator, T, and the estimated

30  average packet delay, T, on the PRCH are used to detect a congestion situation, i.e.
when it is necessary to expel one or more packet calls from the PRCH in order to
regain an acceptable average packet delay on the PRCH.



20 noves to Step 518 and continues the service request eval uation

process of Step 506 for the next PRCH The service request
eval uati on process of Step 506 is repeated until an adm ssion grant
response is received from PRCH controll er 406a, 406b, 406c or 406d,

or, until all PRCH controllers have denied adm ssion. Wen the service.
request eval uMOBA6MPocess is conpl eted the process noves to"g{’é?%“}%‘_‘ 25
At Step 522 it is determned if an adm ssion grant response was received
from any PRCH controller. If an adm ssion grant was received froma
PRCH control ler, the process noves to Step 524 where a service grant
signal is sent to the user via the R PS 308. From Step 524 the
process then noves to Step 534 of FIG_ 5B. If, . . however, at Step 522
it is determ ned that Tnevaiuaw copgestionstStep 818 it iy detesmined iff T 6 e nlhegongestionoRCH

controller the process_mov e . g
determ nes, usin °th8‘“§‘&% '§§3{ %mﬁ%%ﬁ%}ﬁﬂ@%ﬁﬁ%ﬁﬁﬁﬁ%?@ﬁ%&ket
call is to separdlOdeémiiGatias, or, using T and T,,, values for the uplink and downlink
P E 1344 - 16-
CT/ SE96/ 013 combined. Next, at Step 820, the results of Step 818 are checked. If a po.v>61tive
5 determination was made at Step 818, the process returns to the wait state of Step 602

in FIG. 6. If, however, a negative determination was made at Step 818, the process
moves to Step 822, where a packet call or, packet calls are selectively chosen for
expulsion from the PRCH.

At Step 822 packet calls may be chosen for expulsion by alternative methods.

10 A single packet call may be expelled or, more than one packet call may be expelled
from the PRCH at a time.

Referring now to FIG. 8B, therein are illustrated process steps followed
according 10 an embodiment of the invention when a single packet call is to be
expelled at a time by the congestion control function. At Step 826 the lowest priority

15  packet call or packet calls, if more than one exists with the lowest priority, are
identified. Next, at Step 828 it is determined if only' one or, if more than one packet
call was identified in Step 826. If a determination is made that only one packet call
was identified, the process moves to Step 830 and the single identified packet call is
selected for expulsion. If, however, a determination is made that more than one packet

20 call having the lowest priority was identified, the process moves to Step 832. At Step
832 one of the identified packet calls is selected for expulsion from the PRCH. The
selection of packet call in Step 832 may be done by alternative methods. A packet call
may be randomly chosen from the identified packet calls or, one may be chosen based
on a comparison using a select parameter associated with each of the packet calls.

25 Depending on the alternative used at Step 818, the selected parameter may be a
parameter value for the uplink and downlink separately or, for the combined uplink
and downlink.

Asan exaniple, one of the following parameters of the lowest priority packet
calls, could be selected for comparison:

30 . P,

. P,



be put in the PRCH adm ssion queue. It is determned to put the packet cal
. in the adm ssion queue 420 if the followng criterion is fulfilled:
[~e++] Pl-et+ - r—s—thre-TegqurTedesT At ed average data traffic for
the user as a function of the 5 service request r and Plerr](r) is the
requested traffic of all packet calls in the adm ssion gqueue of
service requ&ﬁﬁnhﬁﬁe r. Plerr](r) is a neasure of the currpre/sevsns4of the
gueue for the service request type. Plerr](r) is the nmaxi num al | owed
requested traffic in the adm ssion queue 420 as a function of the
service request. In alternatives of the enbodi nent, the conparison
may be done using Plerr](r), Plerr](r) angy.P[err](r) values for the 10
upl i nks and downl i nks separately, or, using values for the uplinks and

downl i nks conpinegp It is possible to have a different Plerr] for
different types of servi c&®fequests, r. Thereby a prioritization
bet ween di fferent servi caPgeRidds can be done in Step 528. For

exanpl e, when requesti a dur,i andof.f . .t ) may
be set e LR 16 1 qeecirt B Bieplipg ettt o BE e )
access to a PRCGHO6f thé ot paklmeter! or{'the smallest value of the conigfaréd paraneter,
determ ned, at Step 528, that the packet call is to be put in the PRCH

admi ssi on gBeuedepending ap theisysiem PPFatPEs desifead i n t he admi ssion queue 420 and
the process m@, B EIT‘E&F&m Sep/$ 22 mBfethin Sriedatket bl SNt
to the user via N\N%yglgil eg el o roces neﬁ?t moves to Step 532 where
a packet call smapbaedxpelied atatiron Refagring nawstoddGt 8Q,0hereingre PTO¢ess t he
NW PS 308. The procgss. then ves to . . frore

however, at St e%‘%ﬁ%&@?@%@rﬁ"nﬁ%@%&@gggc:ge?é?gﬁ ore than one, 1o
put in the PRCHpacket call is 0b@lesselled arpir titneAiythé dongestion emrolfunetiort. cAtStep 530

and a service denied signal 428 s sent to the user.. The prqcess
then noveslPo SB4a listof packet qalls gpdered from howest priority ta highest prioity 5?’% 5B,

It is determ negreld a?S@gggﬁtan%iHsT ﬁgﬂﬁ'dﬁé id EiibugAdd O R PRCH Varhe eféesd ved.

If the input was nbt a et ca xpel I'ed 1 ndication, the process noves
to Step 562 of fraffic vaige mafy be balowlsted as Jollowss determined at Step 534 that a
packet call expel l ed i ndication was received, the process noves to
Step 536. At Step 536 a PRCH

- P = f(Tio; - Teon)

15
where f is a function having the same sign as its argument, T, equals the maximum
tolerable delay of the PRCH and T, cquals the threshold as defined above.
Depending on the alternative used at Step 818, aP may be calculated and checked for
the uplink and downlink separately, considering uplink and downlink values of T,,,

20 and T, or, calculated and checked for the uplink and downlink combined using T,
and T,,, values for the uplink and downlink combined. From Step 836 the process
moves to Step 838. At Step 838 packet calls are selected from the list created in Step
834, in order of ascending priority by repeating Steps 840 to 846, until the following
equation is satisfied:

N
25  where L P, is the sum of average data traffic of the selected packet calls and aP is

the exj::és data traffic as calculated in Step 836. If more than one packet call exists
having the lowest priority, the lowest priority packet calls may be selected for



adm ssion request for the expelled packet call is sent to PRCH controller

406a, 406b, 406¢c or 406d from PRCH nanager 402. The adm ssion
request process of Step 536 30 i nvol ves Steps 538, 540, 542, 544, 546,
548 and 550. Step 536 is repeated for each PRCH control |l er 406a,

406b, 406c or til adm ssion has been requested to all WO
97/ 16039 L g PCT/SE96/01344

PCT/ SE96/ 01344 -17-

PRCHs. At Step 538 PRCH nanager 402 sends a PRCH adm ssion request to PRCH
controll er 406a, 406b, 406c or 406d. The pé@pess then noves to Step 540 as
PRCH manager 402 waits for a responS€&. The PRCH nanager 402

periodi cally checks

at . St 542 t o, determ ne t sponse has
been recei ved fr&ﬁ?‘ﬂﬂali’%mfl?%lofﬁmgsmalwwﬁ g %%ﬁ%’ﬁ%%@"ﬁ%’&w
received, the prGgmgs stibdt parameekassevidtetbwitiedch of tiePacket CilRas was describetfor | f
however, it is determned at Step 542 that a response has been received

from the rwRBR2InFIGI8r to which the adm ssion request has been
sent, the Process IV Ger choosing' ek SRISM eXfiffich frbm! the SRCH B SiEp 823, b

response if an adm ssion grant.
5 process then moves to Step 824 and sends a packet call expelled indication for each

of the chosen packet calls to the PRCH manager. The process then returns to the wait

state of Step 602 in FIG. 6. Upon the next internally gencrated activation signal

indicating a PRCH congestion check should be done or, receiving a packet report, the

process will again evaluate congestion on the PRCH and expel additional packet calls,
10 if necessary. '

Referring now to FIG. 11, therein is a schematic block diagram illustrating one
hardware embodiment of the packet congestion control function 418a of FIG. 4. In
the embodiment shown in FIG. 11, the congestion control function comprises a
congestion determiner 1102 and a selector 1104. Selector l3,004 comprises a packet

15 call selector 1108, sum calculator 1106 for determining if ¥ P_2aP, and an excess
data traffic calculator 1110 for determining aP. The congestion control function 418a
interfaces with PRCH database 1016, The embodiment shown in FIG. 10 is a
representative embodiment. It is well known in the art that functions of this type may
be implemented in either hardware or software, or in a combination of hardware or

20 software, operating in conjunction with one or more processors.

Referring now to FIG. 9, therein is a flow diagram illustrating process steps
followed by the resource manager function according to an embodiment of the
invention. The resource manager process is in the wait state of Step 902 when an
input is received from the PRCH manager 402. The input may be a PRCH setup

25  request or a PRCH release request. Upon receiving an input, the process moves to
Step 904. At Step 904 it is determined if the input is a PRCH setup request. If the
input is a PRCH setup request, the process moves to Step 906.

At Step 906 the PRCH setup request is evaluated. The resource manager
evaluates the setup request by determining if adequate resources exist within the cell

30 to allow a new PRCH to be set up. From Step 906 the process moves to Step 910. At
Step 910 it is determined if the setup request evaluation indicates a new PRCH may




response is an adm ssion grant, the packet call expelled evaluation ends at
Step 550 10  and the process nobves to Step 552. If, however, at Step 544,

[ -hat-—-t-ke response T35 not an admi ssion grant, it is
an adm ssi on deni ed response and the process noves to Step 546 where
It is determined if the adm ssion denied response was sent fromthe

| ast PRCH C%W to which an adm ssion request coul d becrsrbéoidéds it was
not the | ast controller, the process noves to Step 566 and repeats the
adm ssion 15 request process of Step 536 for the next PRCH The packet
cal |- expell ed eval uation of Step 536 is repeated until an adm ssion
grant response is received froma PRCH controller or, until all PRCH

-29-

controll ers 406a, 406b, 406c and 406d have deni ed adm ssi on. \VWhen

the packet call | 6k § Mﬁﬁ@ﬂm Y RGATFECH Inapbe Bet AP Sthe moves to
conpl eted, the bpc're%g 'sﬁqrrlolsggkto tep 552. 2 0 § : 53 A Stsgp 552 it is

deternmined if &Step@l6 wikroaPRCH s¢tup graptisscat ndPRCOHmariager#02. Next, at Step 9180y PRCH
controller duri Step 536. |f an adm ssi.on ar - i f a

PRCH control | ert gnase Tesgurees for W%ﬁkg\ei?q&fi;qmuspdat e

i ndi cation returris it he hwait $1a8e0TStsp®OR N, hoveveryat Step!920 Y Riferhilied thatd@ St ep
554 the process noves to Step 562 of Fl , howeyer, at Step

. Siep , 5C. |
552 it is deterselupsaquestavaluat % thatd pey PBEH may pot be set upe thepIoesss ¢ he

process noves t ﬁﬁeéﬁ WMWW!’M 4021 6B Nes,
usi ng the adm s@?‘c%%gﬁtgﬁgl%an |?1§C unction 410, if themea%geelrl ed packet
call is to be pStepdH thia prdeiiSiretanistethe waitstateof Stepi992sane adni ssion criteria
are used at .556,.as was describe L e 8 R DA If it
i s determined at St %S@%"“ 's‘fnmﬂﬁgﬁﬁ%é’efﬁ’g%@ﬂ%%&%a%% dggﬁgén t he
adni ssi on queuepREA relédiS reqidt: €Ia thisEuse the pfocéss apveirom Skep OO tIStep PIX katt cal |
suspend i ndi cation sitgnal I s sentto the éiser \éljfh% NW PS 222. Th
process tht® noSter 912 BePRCH selsaso raqyestissyaluaed. ﬁ%ﬂ%&aﬂwewg‘m&, it is
. ' PRCH release request by determining whether it is acceptable to release the PRCH

from an overall system point of view. For example, the traffic load on PRCHs of
surrounding cells could be taken into account. From Step 912 the process moves to
Step 920. At Step 920 it is determined if the PRCH release request evaluation

15  indicates a PRCH may be released. Ifit is determined that the PRCH may be released,
the process moves to Step 922 where a PRCH release grant is sent to PRCH manager
402. Next, at Step 926, the resource manager releases the PRCH. From Step 926 the
process returns to the wait state of Step 902. If, however, at Step 920, it is determined
the PRCH release request evaluation indicates that the PRCH may not be released, the

20 process moves to Step 924 where a PRCH release denied is sent to PRCH manager
402. From Step 924 the process returns to the wait state at Step 902.

As can be seen from the above description, the method and system of the
invention can be used by a system operator to manage packet traffic for prioritized
users on one or more PRCHs of a cellular telecommunications system. The system

25 operator can set a maximum average time delay for the PRCH. The users can be
prioritized according to a level of service subscribed to or a priority could be assigned
automatically or chosen by the user depending on the type of call being made. A
higher priority level may incur a higher charge rate for using the system. Paying the
higher rate allows the user to be prioritized before other uses having lower pﬁoﬁﬁes

30 in congestion situations and when trying to access the system. By making packet

| traffic management decisions based on the estimated data traffic required by the packet



WO 97/ 16039

PCT/ SE96/ 01344 determ ned at Step 556 not to place the expelled
packet call in the adm ssion queue 420, the process noves to Step
558 and a packet call detach indication signal is sent to the user
via NWPS 222. The rocess then noves fromstep 558 to Step 6/013«

FIG 5C. 5 wo9n At Step 562 of FIG 5C it is determ ne

adm ssi on queue si gnal - Was received. |If an adm ssion queue SI gnal
was not received, the process noves to Step 584 of FIG 5D. If,

however, it is determ ned that an adm ssion_queue signal was
recei ved, the process noves to Step 563. A0St ep 563 it is determned if

any packet calls are_in_the PRCH adm ssion queue. |If no C alls
are in the PRCH ealifmdshepriarfy of “ﬁt}@ﬁ‘@t&'ﬂ ‘éV“F’Hé’PE’g?q’Wh% @?ébﬁ@'@s to
the wait state o§s=§ﬂt eA‘PRCHd sStep 502 the process wil|
wait for an inpu ?9 ??Qa ver éeterm nee at Step 563 t hat

t he PRCH adni ssi on qmlsebelimdctm&moperapmkdcoomcupn ofthe prewnme:mrewﬂt o

Step 564. At Step 564 a PRCH. ad ssmn regu o the cket
having a hi ghestbe W“‘);m%ﬂﬁg’ ‘Fﬁn“@%‘éd% PRCH

control l'er 496a, g4ekted ﬂ&@ﬁ%ﬂéndes&%d as’ & qsmmmﬁm% es and

The admi ssion request process of Step 564 inyolves Steps 566, 568, 570,
572, modifications may be made therein without departing from the spirit and scope of the

invention as defined in the following claims.



574, 576 and 578. Step 564 is repeated for each PRCH controller, 406a,
406b, 406c¢ or 406d, until adm ssion to a PRCHis granted or, until
lssi — =10 all PRCHs: At—Step 566 PRCH nanager
402 sends a PRCH adm ssion requegt; diQet Ak Been Kt control |l er 406a, 406b, '
406c or 406d. The process then no as PRCH manager
402 waits fWoﬁ gpbonse. The P@m&gmﬂmu Fer.i odi cal | yctisreé1344 -
at St m ne_whet her been received from PRCH
controller 406. If no response has been received, the process noves

o UMMM 5%, ccc g 7o i e

to whi ch*the ddni"ssifon*request had been sent the proce

Step 572, ‘mefe‘wiiAﬁséﬂk‘im ggl if the response is art

t he response I STan adm ssion grant, the adm ssion request pr
ends at Step 578 and the process noves to Step 586. however, at

I f,
Step 572, it is determned that the.response i s not. | $Si on
grant, it is an admi'ssio ﬂ@?ﬂ‘%ﬂ%?é@a%y?ﬁé%gé@smﬁg%@%@ ep 30
574 where it i Sheieshnd H%ﬂfqhh&aﬂiﬁvﬁ@ﬂiﬁoﬁﬂ@aﬂdofﬁ@&mmmwom
t he | ast PRCH controller to which an adm ssion request cqul d.be
sent . 5  oambirof transmijtting or receiving at least one et call comprising a plurality of

PCT/ SE96/ 01344 data packets on at least one packet radio channel, a method of supervising traffic on
a packet radio channel, said method comprising the steps of:

receiving a packet report associated with one of the plurality of
transmitted data packets of the at least one packet call on the packet radio
10 channel; and
detéermining from said packet report a value for at least one parameter
associated with said packet radio channel.

2. The method of claim 1 in which said step of receiving comprises the
15  step of receiving a packet report comprising a first packet size value, said first packet
size value indicative of the number of frames in said data packet.

3. The method of claim 2 in which said step of determining comprises the
step of calculating a second packet size value from said packet size value, said second
20 packet size value indicative of the time duration of said data packet.

4. | The method of claim 3 in which a received time for a previously
received data packet is stored within said system, and said step of determining further
comprises the steps of calculating a value of elapsed time since said previously

25  received packet report was received on said radio channel, and calculating an average
data traffic value for said packet radio channel using said second packet size value,
said value of elapsed time and a previously calculated average data traffic value for
said packet radio channel.

30 5.  The method of claim 4 in which said data packets are transmitted on an
uplink of said packet radio channel and said step of calculating an average data traffic



-19- If it was not the | ast PRCH controller, the process
moves to Step 566 and repeat—s adm ssi on request process of Step
564 for the next PRCH. The admi ssion ek R s:s¢ eval uation of Step 564

Sheet Has B ;
is repeated until an adm ssion gr ﬂ‘ﬁmmm : received froma
PRCH control | until all PRCH 6a 406b, @E‘@
406d have der’f‘ea'”%f lon. When th request process 0 ep 564

conpl eted the process noves to Step 580. At Step
580 it i “‘\l“m adm ssion grant response_was received from
any PRCH mm“m p 564. If an ad sion gr QHRO NG ;
recei ved crom L PRCH control | er, the*packet Ind™ a
priority in the a SS|on qyeue 420 I S renmov
process noves to"g’t‘ee Pffm“%éﬁ'lavmge

3 . :
signal is sent teamgg 48 upliila the NWPS 222. From Step 582 t he

process noves to Step 584 of FIG 5D. If, however, at Step 580 it is
determ ned t hat : an adm ssi on grant was not received, the process

noves directly to Ste fl;h%fm%gf 4m\§B dutd data k?‘s%ﬁ“%s“%tng&)?'?gfn of

FIG 5Dit is determned up gran was recerv

resour ce mansger dewilink! of saidfpacidt safiaichagne ahd ssid sepoﬁbﬂadaﬁnmm&gum
manager 402, the ocess noves (o Ste 86 .and t he PRCH r .creates a
new PRCH e rlmmmwt- Blating angysmee dga indifative
however, at Step,Afdfic bi said downlinkS determi ned that a PRCH reI ease grant was
not received, the process noves to Step 20- 588 where it is determned if
a PRCH rel ease grant was received from resource manager 402. |If a.

PRCH setup grant was Jeceixed, .t hepr v 5900 . ere
t he PRCH manager deal I"ocat %@3?%?@?@@%%%%%@‘%@% ch
the rel easeip equmnim&zﬂammk W€ sdid patiet pidic clnnelivd Said Gtept sficaltibiting an

however, at Step 588 i's deter ned tha PRCH set up_ grant vvas
not received, thgv%éggstmfﬁ value comprises stepofcaicuﬁtmganaverage dals trafi

value indicative of combined traffic on said downlink and uplink.

8. The method of claim 3 in which the at least one packet call comprises

15 a plurality of packet calls and a received time for a previously received data packet of

a packet call of said packet calls is stored within said system, and said step of

determining further comprises the step of calculating a value of elapsed time since said

previously received packet report of said packet call was received, and calculating an

average data traffic value for said packet call from said second packet size value, said

20 value of elapsed time, and a previously calculated average data traffic value for said
packet call.

9. The method of claim 8 in which said data packets are transmitted on an

uplink of said packet radio channel and said step of calculating an average data traffic

25  value comprises the step of calculating an average data traffic value indicative of
traffic on said uplink.

10.  The method of claim 8 in which said data packets are transmitted on a

downlink of said packet radio channel and said step of calculating an average data

30 traffic value comprises the step of calculating an average data traffic value indicative
of traffic on said downlink.



25 noves directly to Step 592. This Sheet Has *692 the request ed
traffic for all packet calls in the adms eval uat ed.
NextT—at—Step 594, Tt Ts derterm ned 11 a quired. If the total
requi red estimated average data trafflc o aI packet calls in the

adm ssi on queue P[errj exceeds—a |limt Plerr] PRCH set for the
adm ssi on qugemmgnew and 30 t he pr ocBET/SEASAM4{ 0 St ep
596. In alternatives o M’Ew t he conpari son of Plerr] and

Plerr] PRCH may be don “and P[err] C he
upl i nks and V\D 97/ 16039 HEET HAS BEEN
PCT/ SE96/ 01344 -33- REPLACED - 20-

downl i nks separately, or, using P[err] and P[err] PRCH valrue

uplinks and downli nkg, memn&ddfbmeidwmafﬁaidmﬁpamﬁmmom set up

request is sent to resource man 404. Fr.om he process
returns to thedewnlink and wpligk of R@B‘E‘@@°°M\P@F‘“’§tmpp ts“a? p 894 it

s _determ ned L{ahedusbPiarfEvalub Sofipisch U ebrPoF cal bt 3 A¥Sragh wifficSt P 5
: value indicative of combined traffic on said downlink and uplink.

12.  The method of claim 1 in which said step of receiving comprises the
step of recciving a packet report comprising a first time value, said first time value
indicative of when said data packet was placed in a transmission buffer and said step
of determining comprises the step of determining a second time value, said second

10  time value indicative of when said data packet was received.

13.  The method of claim 12 in which said step of determining further
comprises the step of calculating a delay value for said data packet from said first time
value and said second time value.

15

14.  The method of claim 13 in which said step of determining further
comprises the step of calculating an average delay value for said packet radio channel
from said delay value and a previously calculated average packet delay.

20 15.  The method of claim 14 in which said data packets are transmitted on
an uplink of said packet radio channel and said step of calculating an average delay
value further comprises the step of calculating an average delay value indicative of

delay on said uplink.

25 16.  The method of claim 14 in which said data packets are transmitted on
| a downlink of said packet radio channel and said step of calculating an average delay
value comprises the step of calculating an average delay value indicative of delay on

said downlink. '

30 17. The method of claim 14 in which said data packets are transmitted on
the downlink and uplink of said packet radio channel and said step of calculating an



At Step 597 the nunber of packet calls on each PRCH is eval uated. Next, at
Step 598, it is determned if any PR@iﬁsspfdea{sze&mHﬁ.e{d not carrying any

packet calls. If it is determn not carryi ng any
packet calls exists, the process r--etur tep 502 of FIG 5A |If,
however, at Step 598 it is determ ned

) re 10 §+4st
that are not WEH)MY packetcalls, the process noves to st ef
a PRCH rel ease reEuest is sent to resource nmanager 404 for each PRCH not

carrying mHHII‘HH“I From Step 599 the process.returns to the
wait state of FIG B5A. RH‘”SFS"HEEI RAYV BERY
efein are illustratéd-flow di agr rﬁgp,_mw ng

FIGS. 6,7 and 8A—8C
Steps foll owed by each PRCH control | er, 406a, 4Q6b, 406(, 4066 . thef
PRCH traffic supdveags delay tiisvaluecomprises the siep of cal¢platingan a&eﬁgeéqlﬂbvﬁlue

control pr. n enbodi ment of the
pr esent mventmﬁgé;%%f“ﬁm}?&g&gwr%g#e %a&ﬁéf%) . 406¢c and 406d each
continuously supervise data traffic, the aver age packet del ay and,

al so recei ve adm ssron requests_for_a, P . 20 . Wiep initiall
activat ed upon recei vilfg aﬂ?ﬂﬁ‘&?‘? fr‘iﬂﬁ?‘%ml%?‘“ °"°2ﬁ p"b%pcess
i s inthe wait St fpaciePcalR and $:6id stp ofWetdriirlifly fulBer/ o ssth@ steh obt ep

5 o
602, F}ﬂRCH l(.:yo$r1trol | er 406a 406b, 406¢c and 406d r%? recetleée an

input in the for malwlaunsanaveaaqs alug forra packes el pE saig/ploslitp of pagket calls
admi ssi on request fa y gener ated
activation si gnal &'ﬁgwwnge %h“‘?h"gﬁ%g‘mmt] uld be done.
Upon receiving an input the process noves to St ep 604 where it is
determned if a packet report s.recei determ ned that a
packet report was 9. F\\Q@Bﬁ’ g‘é‘""(ﬁé“ ‘ﬁf'ﬁ\ﬂ?ﬁk g'fep
708 of FIG 4 |fgy xptmdféckétﬁdtochmelm@%dsteﬁorwmmrgww&a%

packet report vvas récel ved he process will nove to Ste ere
the PRCH traffic w@up@ompwﬁsmmfmtmﬂmstm@amddmw@l@dlmspfédwm t he
30 rel evant PRClaL -Lnf traffic statistics are updat.ed using information
contained in the packet report. Each packet report contains the

foll owi ng informtion:

20.  The method of claim 18 in which said data packets are transmitted on
15  adownlink of said packet radio ch:tnnel and said step of calculating an average delay
value comprises the step of calculating an average delay value indicative of delay on

said downlink.

21.  The method of claim 18 in which said data packets are transmitted on

20 the downlink and uplink of said packet radio channel and said step of calculating an

average delay traffic value comprises the step of calculating an average delay value
indicative of combined delay on said downlink and uplink.

22. Ina telecommunications system comprising at least one packet radio
25 channel and a plurality of transceiving stations, each of said transceiving stations
capable of transmitting or receiving a plurality of packet calls, each packet call
comprising a plurality of data packets on at least one packet radio channel and each
of said packet calls associated with a required maximum data traffic, a method of
monitoring excess traffic on a packet radio channel, said method comprising the steps

30 of:
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Y——ramsmtting nobi Fe OSer | gentity Tor muﬂhtm‘lul ng netvvor k user
identity for DL. Packet f franes)

3) Time stanp (indicatin ket was pl aced in the transm ssion
5 WO 976039 buf f mﬂum m” : Packet tBqESKSS13a4 - DL) .
Using the information c cket ‘report the PRCH controller
cal cul at es the fol |l ow ng: 1) Th ﬁ-ﬂ§ size (in
time), X is calculated using know edge about the 10 SHEET HAS BEEN
frane size. ' 2) The paclgst delay, D, is [cal cuRBPIATEDS t he
di fference between the tine the packet Teport—was
received and the time theedeivingeh idpaftedbsdciated with one of the plurality of t he

transm ssion buffer (as indicated by the tine stanp). Depending
transmitted data packets of the packet calls on the packet radio channel;

calculating from said packet report a value of average data traffic
associated with a packet call of said plurality of packet calls; and
5 monitoring said packet call to determine if said average data traffic
associated with said packet call is greater than the required maximum data
traffic associated with said packet call.

23.  The method of claim 22 further comprising, in response to a positive
10 determination in said step of monitoring, the step of expelling said packet call from
said packet radio channel.

24.  The method of claim 22 further comprising, in response to a positive
determination in said step of determining, the step of sending a request for a change
15  in priority of said packet call.

25.  The method of claim 22 further comprising, in response to a positive
determination in said step of determining, the step of sending a request for a change
in traffic requirements for said packet call.

20

26. In atelecommunications system comprising at least one packet radio
channel and a plurality of transceiving stations, cach of said transceiving stations
capable of transmitting or receiving at least one packet call comprising a plurality of
data packets on at least one packet radio channel, an apparatus for supervising traffic

25 on a packet radio channel, said apparatus comprising:

a receiver for receiving a packet report associated with one of the
plurality of transmitted data packets of the at least one packet call on the
packet radio channel; and

' _ a determiner for determining, from said packet report, a value for at least one
30 parameter associated with said packet radio channel.



on when the packet report is sent fromthe protocol stack (at the 15
begi nning of the tansm ssion or after transm ssion conpletion), the
calculated delay is adjusted so that it time el apsed
at transmi ssion conpl etion. THP SHEEThBAS iBeEN G| apsed, [err]
since the preV| ous packet report with the sane REPLAGED

cket
i dentifier isWRT8FPR. ' of recei ‘acq@(s‘?ﬂoug?
report for eac packet call is stored for this purpose. X, D
and [err] are th E“‘mmﬂm | ate an estimate of average data traffic
(Pi) for- B“ ““ packet call an estimate of average data
*0r

traffic (Pchan) calF * packets cal F3-on the PRCH, and an estinmate
of the average packet delay (T) for all packet calls on the PRCH In
alternatives of the eﬂ?;odlébﬂq:!rmml$ glam%mewmuubmve_rsompnmamm be

Val ues Tor the cQbRarg s SRR s afe @i pRTBEHE Gl inlalle of e

used depe ndmberof\fiintel irt saicbdad packetie t he syst em operator needs for
ot her functions, i.e., whet her other functions in the systemare
usi ng val ues for the uplink and downl i nk Separately or, uplink and

downl i nk conty ned. 3 rpu{tt]f’ ?%iﬁrﬁ@?eupfwhﬁﬁ%ﬁgﬁetﬁﬂhﬂert
Plerr] may Bie% updat ed By ca cu at i ngoPl for each new pa‘féﬁ{ report
(nunber N) of t healgelstefor caltulatingasedond|paciet size value from said first packet size value,

said second packet size value indicative of the time duration of said data packet.

| 29.  The apparatus of claim 28 in which a received time for previously
10 received data packet is stored within said system, and said determiner further
comprises a calculator for calculating an elapsed time value since said previously
received pecket report was received on said radio channel, and a calculator for
calculating an average data traffic value for said packet radio channel using said
second packet size value, said elapsed time value and a previously calculated average
15 data traffic value for said packet radio channel.

30.  The apparatus of claim 29 in which said data packets are transmitted
on an uplink of said packet radio channet and said calculator for calculating an average
data traffic value comprises a calculator for calculating an average data traffic value

20  indicative of traffic on said uplink.

31.  The apparatus of claim 29 in which said data packets are transmitted
on a downlink of said packet radio channe! and said calculator for calculating an
~ average data traffic value comprises a calculator for calculating an average data traffic
25  value indicative of traffic on said downlink.

32.  The apparatus of claim 29 in which said data packets are transmitted
on the downlink and uplink of said packet radio channel and said calculator for
calculating an average data traffic value comprises a calculator for calculating an
average data traffic value indicative of combined traffic on said downlink and uplink.

30
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-22- [err] The tinme constant [err] corresponds to
the—ftter—menory—(corretatTom tTTE) . In thé calculation of
Pi, the contribution froma single packet [err] is weighted by
the factor. 5 where t, S he tine el apsed since the | ast

29 rSHEET HAS Brgy ] PCT/SE96/01344 -

REPLACED

packet repowian
| L 0D

33.  The apparatus of claim 28 in which said at least one packet call

. comprises a plurality of packet calls and, in which a received time for a previously

received data packet of a packet call of said packet calls is stored within said system,

and said determiner for determining further comprises a calculator for calculating an

5 elapsed time value since a previously received packet report of said packet call was

received, and a calculator for calculating an average data traffic value for said packet

call from said second packet size value, said elapsed time value, and a previously
calculated average data traffic value for said packet call.

10 34,  The apparatus of claim 33 in which said data packets are transmitted
on an uplink of said packet radio channel and said calculator for calculating an average
data traffic value comprises a calculator for calculating an average data traffic value
indicative of traffic on said uplink.

15 35.  The apparatus of claim 33 in which said data packets are transmitted
on a downlink of said packet radio channel and said calculator for calculating an
average data traffic value comprises a calculator for calculatmg an average data traffic
value indicative of traffic on said downlink.

20 36. The apparatus of claim 33 in which said data packets are transmitted
on the downlink and uplink of said packet radio channel and said calculator for
calculating an average data traffic value comprises a calculator for calculating an
average data traffic value indicative of combined traffic on said downlink and uplink.

25 37.  The apparatus of claim 26 in which said receiver comprises a receiver
for receiving a first time value, said first time value indicative of when said data packet -
was placed in a transmission buffer and said determiner comprises a determiner for
determining a second time value, said second time value indicative of when said data

packet was received.

30
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denotes the tine el apsed between packet report j-1 and j. This particular

wei ghti ng factor gives older sanples | ess weight than newer sanples
and proportions the weight to the tinme period [err] associated with
t he sanpl e. The equatlons shown above for Pi cal cul ati on may

al so be used to cal culate 10 P n 7 the vagd rr]
and P[err], Mﬁﬂ‘-‘&g—ﬁeﬁm %% RS (B%EﬁF : e

Pchan[ err
respectively, and packet S fr m al IREBLAGES: cal Ils on the PRCH woul d be
used in the ¢ I‘Mﬁﬂm F“m‘y The estinate of the average packet
delay (T[err]) ‘be updat ed by calculating T for
each new packet* recport {nunber N) of the PREH as fol | ows: [err]
38.  The apparatus of claim 37 in which said determiner further comprises
a calculator for calculating a delay value for said data packet from said first time value

and said second time value.

5 39.  The apparatus of claim 38 in which said determiner further comprises
a calculator for calculating a delay value for said data packet from said first time value

and said second time value.

40.  The apparatus of claim 39 in which said data packets are transmitted
10  onanuplink of said packet radio channel and said calculator for calculating an average
delay value further comprises a calculatbr for calculating an average delay indicative

of delay on said uplink.

41.  The apparatus of claim 39 in which said data packets are transmitted

15  on a downlink of said packet radio channel and said calculator for calculating an

average delay value comprises a calculator for calculating an average delay value
indicative of delay on said downlink.

42.  The apparatus of claim 39 in which said data packets are transmitted

20  on the downlink and uplink of said packet radio channel and said calculator for

calculating an average delay traffic value comprises a calculator for calculating an
average delay value indicative of combined delay on said downlink and uplink.

43.  The apparatus of claim 38 in which said at least one packet call
25  comprises a plurality of packet calls and said step of determining further comprises
means for calculating an average delay value for a packet call of said packet calls from

said delay value and a previously calculated average packet delay.

44,  The apparatus of claim 43 in which said data packets are transmitted
30  onanuplink of said packet radio channcl and said calculator for calculating an average
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Hre—tre—constant—t—ecor UDFJUIIUD to—tte—fitteT MEMoTYy (COI’I’G| artom ti I’T'E)
In the calculation of T the contribution froma single packet (T) is

wei ght ed by the factor:
[err] " woomédkere [err] denot g JHl%éHEEwAél%ﬁﬁNed si ncepdsEIkORid packet
report recei-ved—en-the PRCH 5 Thi RERMAEED cul ar{ wei ghting factor gives
ol der sanpl es | ess wei ght than newer sanples. The val ues
Pi, Pchan and m"amﬂm Step 608 and for the adni ssion

control proc “ﬂﬂg“mme congegl on control process (FIG 8).
After updating the traf'fit statistics at St ep 606, the process noves to
Step 608. delay value comprisesth cﬁ&ﬁ&oﬁﬂﬁ oﬂEulhﬁg%ta%éﬁhé‘ﬂéla)‘ {alhd RMAREARS S
traffic nonitor function is active. 10 a determnation Is nmade that
t he excess tr #ffelgy apsaid wplinkunct i on |s not active, the process
nmoves to Step 708 of FIG 7. If, however, it is determ ned that the excess
traffic nonitor function is active, the process noves to Step 610 where it
is determ ned 45.  The apparapscif elaim 43 in whiek said data pa¢kless anRcihsmiéd ng t he

di | ' h
W U Pl or ) p{eerd Jowiis o s seskc SRS chapme s soderallir dor slcilpog s
however, at StaYérafel elay ValhSconfprtesTa BAleulBA for RalekilRting & bvetdgetdelay! vall®! | NY

t he condltlon
‘indicative of delay on said downlink.

46.  The apparatus of claim 43 in which said data packets are transmitted

10  on the downlink and uplink of said packet radio channel and said calculator for

calculating an average delay traffic value comprises a calculator for calculating an
average delay value indicative of combined delay on said downlink and uplink.

47.  Inatelecommunications system comprising at least one packet radio
15  channel and a plurality of transceiving stations, each of said transceiving stations
capable of transmitting or receiving a plurality of packet calls each comprising a
plurality of data packets on at least one packet radio channel, each of said packet calls
associated with a calculated average data traffic and a required maximum data traffic,
an apparatus for monitoring excess traffic on a packet radio channel, said apparatus
20 comprising:
an excess traffic monitor for monitoring a packet call of said plurality
of packet calls and determining if a calculated average data traffic associated
with said packet call is greater than a required maximum data traffic assoctated
with said packet call.
25
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Pl er'r]>P[ err] the process noves to Step 612. At Step 612 the packét cal |

ar packet calls wth Plerr]>P[err] are expelled fromthe PRCH and
a pasket—ealt—expetH-ed—i-ndi-caten—s—sent t+o—the PRCH-rarager 402
i ndi cating which packet call or packet calls were expelled. The

process then noves to Step 708 of FIG 7. As an alternative to expelling
the 20 packet on the PRCH with Plerr]>P[err], the syste d a
request to t he"QLEI809, change priority or increase %@%w
requi renents. A change in traffic requirenents would result in a
hi gher P[err] for the packet call. Referring nowto FIG
10, therein is a schematic bl ock diagramil{yygstrati ng one har dwar e
enbodi ment of the packet traffic supervision function 414a of FIG 4. In
the 25 enbodi nent shown in FIG 10, the traffic supervision function
conprises a packet report receiver 1002 and determ ner 1004 for
determning the traffic statistics. Det erm ner 1004 conprises a
data packet tine duration calculator 1006, el apsed tine WO

97/ 16039

PCT/ SE96/ 01344 - 24-

FIG.1

120~
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132




cal CUI ator 1008, packet delay cal culator 1010, average data traffic

cal culator 1012, average packet delay cal cul ator 1014, database
10T6, and excess trarfic nonitor 1018. FIG 7 illustrates the
steps perforned by packet radi o channel adm ssion control function

of. the invention. The flow diagramof FIG 7 will be entered at Step 5
708 from St epwroeo®08, 610 or 612 of FIG 6. At Step 708 i tPGRSEI6OBM4 ned

if the i nput was an adm ssion request. |If an adm ssions request was
not received, the traffic statistics have been updated or an
internally generated activation signal indi2f46i ng that PRCH
congestion check shoul d be done has been received, and the process wl |
nove directly to Step 818 of FIG 18. If however, at ep 708, it is
determ ned that an 10 adm ssjon re ue#t was| received, the process wll

nove to Step 710 where the adm ssjjon request is eval uaaedg
The -PRCH adm ssi on contr ol fuch on 4163val es the PRCH atig@ i on

request by determning if the.\e‘ilowi 's t @ye: m[err] ': where, 15
Plerr] is the reqwredOe |mat ver dat a trafflc, ﬂor t he new
packet & * p[egr] b t he
estimated average data traffi @ on thel PEU:Hf m pack¥g cal | '-g :‘]
i * U (pri) arQ’ |1 [} etj call seyp th pr’orlt s hi gher
than or equal to Pri, v ,d| ePrl[err] isgthe priority
for the requested packem-a*l N. | p[err]iis the maxi num
tolerable data traffic® i —'—] "5 de‘/e equation is
satisfied if average data trafflg-g Frqrp p ,‘Eet E
o g - =
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7
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priority higher than or equal to the priority of the new packet call plus

t.he estinmated average data traffic required for the new packet call
i STeEssriTam The maxi num t ol er abl € 25 traffic p[err]. Thus, a high
priority packet call may be allowed to use the PRCH al t hough t he

total traffic (including all packet calls regardless of priority) exceeds
the maxi mum wo9e6sd90l erable traffic p[er] In that case the RI/SEISNIdA

control function (FIG 8) w Il expel WO 97/ 16039
PCT/ SE96/ 01344 - 25-
lower priority packet calls so that the tojgk traffic will fall below the
maxi mum tolerable traffic Plerr]. The maxi num
tolerable traffic p[err], is associa {th xi mum t ol erabl e
delay on the PRCH, T[err] according e K IKi on: 5
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[err] 10 where f is a function having the same sign as its argunent
and T is the estimte of the aver age packet delay that is_cal cul ated
by PRCH Trarfic supervision function and [err] is the sum of the
estimated average data traffic for all packet calls on the PRCH

Because the PRCH controller traffic supervision function conti nuousI%‘15
nonitors T, M@AMI608% conti nuously updated according to t he BHHENN

equations. Plerr] will correspond to the traffic |level that
results in the maxi numtol erable delay T[err]. In alternatives of

t he enbodi ment, the admi ssion control eval84#i on can be perforned

using Plerr],Plerr], Plerr] P[erF} nd [err] P val ues for the uplink and
downl i nk of the PRCH separately, 'G > using values for the conbi ned
uplink and downlink of the PRCH 20 After eval uating the PRCH
adm ssion request at St noves to Step 712.
At Step 712 the resul tsjof SPRCH/MANAGERecked. If a positive

determ nation in the evdlu de, the prdqcess noves to Step 714
where an adm ssi §n gmeta.ne t to PRCH rjanager 402. If a negative
determ nati on was nade flede qval uation, Jthe process noves to Step
716 where an adm ssion edvjlﬁaﬁaﬁt to 25 the PRCH manager 402. After

t he PRCH glifvice Reqeestt fol | functi 082216 sends an afMm gwosBlired 2"

deni al at 6, Frespeetrveny, the prod@euRHen|mmo E
Step 818 odeLf‘ 84 Service At [Step 818 t fjEelopee ng\gg??d#'con
lay alarmle

r ol
function 418 onpes st on the H iel
t‘ aver age packet

set hy the or ' arld the estin
del ay, (ﬂ? %Baeuseﬂtoin e qtion sitgation, i.e. Ln
when it |s necessary t 0 | X ¥ ¢ packet]jcalls frgmthe PRCH i
order to regain an erage padqiet del ayjon the PRCH
queue admission
handling queue ¢
410 Request
: 420 granted /
- 2£V] | denied
packet call PRCH 404
suspend / detach management |
update / resume 412 admission granted / denied
indication 402}= =
J PRCH admission request
NW/PS
222 X
Y
Iy
PRCH CONTROLLER
PRCH
traffic
supervision
4
P
Packet Report PRCH
> admission
control
416a
ﬂ
PRCH \-406:!
congestion . -k 406¢
aB control L,
406a 418s] 406b
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Toevatuate congestron at Step 818 it is determined if T < T[err] The
congestion determ nation may be made considering uplink and downlink
T and T[err] values in separate determ nations, or, using T and
T[err] val ueswbmiside uplink and downl i nk combi ned. NBST/SEW/01344c
820, - the results of Step 81 8 are checked. If a positive 5 det er mi nat on

was nade at Step 818, the process returns to the wait state of Step 602
in FIG 6. If, however, a negative deternsn:stlon was nmade at Step 818, the

process noves to Step 822, whe a. packet call or, packet calls are
sel ectively chos G expyl STARTrdm t he PRCH. At
Step 822 packet F' -Me chosul | t ernative net hods.

10 . A single packet call may be expef¥cl pjan one packet call
may be expel |l ed from 50@ " ne. Ref erri ng now
to FIG 8B, therein are illustrat eN-pepcas® steps fol | oned accordi ng

to an embodi ment of the invention wheatQ single packet call is to be
expelled at a tinme by the cHY ' function. At Step 826 the
SERVICE

| owest priority REQUEST NO
RECEIVED

506 :
REPEAT FOR THE \|
— PRCH'S ) } /‘508
- SEND PRCH
52 ADMISSION
ADMISSION REQUEST TO PRCH
GRANT BY ANY CONTROLLER
524
PRCH
CONTROLLER

SEND SERVICE
GRANT TO USER

GOTO 1
FIG.5B

NO

RESPONSE
RECEIVED FROM
PRCH
CONTROLLER
?

PUT PACKET
CALL IN
ADMISSION
QUEUE
?

530'\
SEND SERVICE
DENIED TO USER

514

SEND SERVICE
GRANT TO USER

: 1
( Gp?g %; SEND PACKET CALL
- SUSPEND INDICATION YES

TO USER

ADMISSION
GRANT
?

532-/

520

END




15~ packet call or packet calls, if nore than one exists with the | onest
priority, are identified. Nexi at.Step—828—t—s determined if only

' ORe—ef—+f—morTe—than one packet call was identified in Step 826. If

a determination is made that only one packet call was identified,
t he process noves to Step 830 and the single identified paclkgirsiébiuse
sel ected for wepwieson. |f, however, a deternination is made that nore than

one packet 20 call having the | owest priority was identified, the
process noves to Step 832. At Step 832 one of the identified packet
calls is selected for expulsion fromthe pigi The sel ection of
packet call in Step 832 may be done by alternative nmethods. A packet call
may be randomy chosE]G Me i dent | d_packet calls or, one may be
chosen based t rison 3| ect paraneter associ ated

wi th each of the packet calls. 25 Nepgidi=) on the alternative used at
Step 818, the selected paraneter may be ;2 paraneter value for the
uplink and downli nk separ at eh or, bi ned upl i nk and

downl i nk. As a PACKEFE
" o3 erspari son:
" INDICATION %

the |l owest priority packet
[err]
RECEIVED?

REPEAT FOR THE \, 538
~~"""PrcH's ) 3 /
SEND PRCH
652 ADMISSION
ADMISSION REQUEST TO PRCH
GRANT BY ANY CONTROLLER
554 PRCH -
 CONTROLLER

UPDATE INDICATION

TO USER
( Ggg%g ) RESPONSE
PUT PACKET RECEIVED FROM
NO CALL IN PRCH
ADMISSION CONTI;OLLER

QUEUE
?

5581

SEND PACKET CALL 544
DETACH INDICATION

TO USER ADMISSION

GRANT
?
Ggg 053 SEND PACKET CALL
SUSPEND INDICATION YES
TO USER ‘

560~/

548

GOTO 2
FIG.5C

550

v
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A packet call could then be sel ected by choosing the packet call having the
| ar gest -value of the conpared paranmeter or, the smallest value of the

conpared paraneter, 5 depending on the system operator's gﬁ g;@ﬁ
As an al t er naWOM®hod of perfornmng Step 822, nore than ol % t" caII

may be expelled at a tinme. Referring nowto FIG 8C, therein are

il lustrated process steps foll owedyagcording to an enbodi nent of the
I nventi on when nore than one packet call is to be expelled at one

ti me by the congestion control function. At St epFaxi gt a list of packet
calls ordered froml owes m to hi ghest pr ' cr eat ed.

Next, at Step 836, an exdg alf/ic value is calculated for the PRCH The
excess traffic value pes be cal culated as foll ows: [err] 15

wheree f is a functi® , sqQne sign as its argunent, T[err] equals
t he maxi num [ ¥o91 and T[err] equals the

PACKET CALL
iN ADMISSION
QUEUE

REPEAT ‘;tl)g THE
) / 566
¢ /
SEND PRCH ADMISSION
580 REQUEST TO PRCH
CONTROLLER
ADMISSION
GRANT BY ANY 568

PRCH
CONTROLLER
?

RESPONSE
RECEIVED FROM

GOTO 3 NO

FIG.5D YES PRCH
CONTROLLER
SEND PACKET CALL ? 570
RESUME INDICATION
TO USER
582 ___J 572
ADMISSION
GOTO 3 GRANT
FIG.5D ?

576




Depeﬁding on the alternative used at Step 818, [err] P may be cal

checked for

t he uplink_and downlink separately,

and downli nk values of T[err] 20 and T[err] or,
for the uplink and downlink comnbined using T[err]

for the uplink and downlink conbined. From Step 836 the process ‘
moves to Step vBB816039 Step 838 packet calls are sel ected fronPEHSEL60344
834, in order of ascending priority by repeating

created in Step

Steps 840 to 846, until the follow ng
N 25 where [err] P[err{sls t he sum of average data

[err]

traffic ofthe sel ected packet caIIs and [erP
traffic as calculated in
having the | owest priorit

sel ected for
PCT/ SE96/ 01344

PRCH SET-UP
GRANT RECEIVED

equation is satisfi

cul ated and

consi dering uplink
cal cul ated and checked
and T[err] val ues

i ed:

t he excess data

exi sts

| 1s may be

o FIBBES S
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FROM RESOURCE

MAN,AGER
586
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REQUIRED 3
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596 | SEND PRCH SET-UP
b REQUEST TO
RESOURCE MANAGER

ANY PRCH

WITHOUT ANY

PACKET CALLS
?

598

GOTO 4
FIG.BA
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REQUEST TO
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GOTO 4
FIG.5A

GOTO 4
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- 28- expul sion in randomorder or, as an alternative, in an order
hased on a conpari son __usipng.a select paraneter associ-ated-w-th-each
of—the packet calls as was described for Step 832 in FIG 8B.

After choosing packet calls for expulsion fromthe PRCH at Step 822, the 5
process then noves to Step 824 and sends a packet call expelled indication
for each WO 916039 chosen packet calls to the PRCH nnnaggﬁ’s'f’?féolﬁ?‘ocess
then returns to the wait state of Step 602 in FIG 6. Upon the next
internally generated activation signal i ndi cati ng a PRCH congestion
check shoul d be done or, receiving a pac?%sreport, t he process wl |
agai n eval uate congestl on on the PRCH and expel additional packet calls, |10
i f necessary. Referring nowto FIG 11, therein is a
schematic bl ochch@;@ illustrat i og.a hardwar e enbodi nent of the
packet congestion control functi g FIG 4. In t he enbodi nent
showmn in FIG 11, the congestion i )
congestion determ ner 1102 and a sel ep

Slr—Set-ee gonprises a
| ator 1106 '

packet 15 call selector 1162 ning if
[err] [err] andan excess i c cal cul ator 1110 for
determning [err]P. The congesti function 418a i nterfaces
wi th PRCH dat abase 1016. The enbodi mept shown in FIG 10 is a
representative enbodi nent. B0 RRQUn in the art that functl ons of
this type may be i npl enga¥ed, | or in a
conbi nati on of hardware or 2 alN®g mG&inlhct on with
one Or mnore processors. [ 'rein is a
flow diagramillustrating proc® ot Esour ce
manager function according to an emgolia i nvention. The
resource nmanager process is in the wa Vfé ate of Step 902 when an
- 606
UPDATE TRAFFIC /
STATISTICS
608
SURVEILLANCE
FUNCTION
ACTIVE
?
61
ANY PACKET
CALLS WITH
Pi > Pmax{i)
?
612 _
(| EXPELL PACKET

CALLS WITH
Pi > Pmaxl(i)

GOTO A
- FIG.7




inptjt I's received fromthe PRCH manager 402. The input may be a PRCH setup

25 request or a PRCH rel ease request. Upon recejving an i.nput, .the
precess—oveES 10 Step 904. At Step 904 it is determned if the input
is a PRCH setup request. If the input is a PRCH setup request, the
process noves to Step 906. At Step 906 the PRCH setu

request is eviygéreets The resource nanager eval uat es Fﬁ@’sﬂﬁ"ﬁ

request by determning if adequate resources exist within the cell 3 0
to allow a new PRCH to be set up. From Step 906 the process noves to Step

910. At Step 910 it is detern nedi0M5t he setup request eval uation
I.ndi cates a new PRCH nmay WO 97/ 16039

PCT/ SE96/ 01344 - 29-

be set up. If i I determ ned that a new PRCH nay be set up, the process
noves to S 016 where a PRCH setup grant is sent to PRCH manager
402.. Next, at Step 918, the resource manager all ocates resources for

a new PRCH. From Step 918 the process returns to the wait state of
Step 902. If, however, at == Is determ ned that the

708

REQEST
RECEIVED
?

YES
710
EVALUATE
ADMIssion |
REQUEST
ADMISSION NO

GRANT
?

v 716
714
. SEND ADMISSION SEND ADMISSION
GRANT TO PRCH DENIED TO PRCH
MANAGER MANAGER

GOTO B GOTO B
FIG.8 FiG.8



5 setup request evaluation indicates that a new PRCH nmay not be set up,

t.he process noves to Step 914 where a PRCH setup denied is sent to
PRCHTMEMAager 40Z. From Step 914 the process returns to the wait
state of Step 902. : If the input is determ ned not to be a
PRCH setup request at Step 904, it is a PRCH rel ease request. In

this case thewu®nes® noves from Step 904 to Step 912. At 10 PCT/SESG/PI344 >
the PRCH rel ease request is evaluated. The resource nanager eval uates the
PRCH rel ease request by determ ning whether it is acceptable to rel ease the
PRCH froman overall system point of view For exanple, the traffic
l-oad on PRCHs of surroundi ng cel |l s 13618 d be taken into account. From
Step 912 the process noves to Step 920. At Step 920 it is determ ned
if the PRCH rel ease request evaluation 15 i ndi cates a PRCH may: be
released. If it is determned that the PRCH nay be rel eased, t he
process noves to Step 922 where a PRCH rel ease grant is sent to PRCH
manager 402. Next at Step FEQ haﬁource manager rel eases the
PRCH. From Step 926 the prbc % Ms to the wait state of Step
902.- If, however, at Step 920, it is determ ned the PRCH rel ease
request evaluation indicates that the PRCH may not be released, the 2 0
process noves to Step 924 where a pRCAJerexgse denied is sent to PRCH

manager 402. From Step 924 Js returns to the wait state at
Step 902. As can be see om t he above description, the
nmet hod and system of the. ity DEB1Zcd by a system
operator to manage packet traffic EMAWATE ti zpd users on one or
more PRCHs of a cellular tel ecomCONGEBTIONsYS The system 2 5
operator can set a maxi MUM AV elk=tgamminmiig—cls or the PRCH. The users can

vel of service subscribed to or a
s cally or chosen by the user
a i ghefepLioLl | evel

be prioritized accolyd-0
priority could be assigned%ad]
depending on the type of call beij
may incur a higher charge rat

ayan Do o |

efore ot

hi gher rate allows the user to D®&QrioRitizs i ng

| ower priorities 3 0 i n congesti M sitdati ons and when trying to access
the system By nmaki ng packet fi c managenent deci sions based on
the estinated data traffi822e packet

SEND PACKET CALL
EXPELLED 824
INDICATION(S) TO
PRCH MANAGER

‘ GOTO C ’
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call and the priority of the packet call, a system operator can be assured
t hat PRCH users are not subject to unacceptabl e PRCH del ays.

It -is believed that the operation and construction of the present invention
w | | be Wparmaesd from the foregoing description and, whi PEI/SES6/01344

i nvention showmn and 5 descri bed herein has been described as a
parti'cul ar enbodi nent, changes and nodi fications may be made therein
wi t hout departing fromthe spirit and scqgﬁsof t he I nvention as

defined in the foll ow ng cl ains.
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-31- VWHAT |S CLAIMED I S: 1. In a

t.el econmuni cati on system conprising at |east _one packet radio

chrammer—and a plurality of transceiving stations, each of said transce|V|ng
stations capable of transmtting packet calls conprising a
plurality of data packets on at |east 5 one packet radiqwgnggﬁgk a

met hod of supWOWM748039 traffic on the at | east one radio Ha|
said nethod conprising the steps of: a) recei ving

peri odi ¢ packet reports associated with at | east one packet call on
the packet radi o channel, said packet repgng including information on a
nunber of frames included in the packet call, a packet identifier
for identifying the packet call 10 associated with the packet report

and a tinme stanp indicating when the packet call Mﬁ? placed in a
afr 16349 s

transm ssion buffer; b) cal cul ze of the
packet call in tinme in res oﬁ;§QY) he
of franes; ; Lat

Qati on on the nunber
dence between the
time the packet reporgozas #e t he packet call was
pl aced in the transm d) cal cul ating the
tinme | apse since a previous pagr repqrt having the sane packet
identifier was received; and 904 e) utilizing the
cal culations fromsteps b alculate an estimated aver age
data traffic for the pa | e one packet radi o channel.
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20

of determ ning an

2. The nmethod of claim1,
estinate of average data traffic for—all packet

further

calTs on the at

| east one packet

radi o

channel fromthe

i nformation calculated in steps b)- e) upon receipt of each packet

report.

3.

the step of celogeshesasng an

-32-

for the packet call on the at | east one packet radio channe
response to the calculations of steps b)- d).
4. The met hod of' ):‘I5ai m 1, further including the
estimate o? the average packet delay on the

step of calculating an

at | east one packet radi o channel

The met hod of claim 1, further including

estimate of the average fF

response to the cal cul ations

of steps b)- d) upon receipt of each packet report.

The method of claim1, further including the step of utilizing the value
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of the estimated average data traffic for all packet calls for controlling

adm ssi on control and congesti on control processes_iq the at. |east
orre—packer radi o channel 1 n accordance with each newly received
packet report. 10 6. The nethod of claim2 in which said
packet calls are transmtted on an upl i nk of said packet radio

channel and sghoufesp of cal cul ating average data traffic  PCI/SE9601344
conprises the step of calculating average data traffic indicative of
traffic on said uplink. 15 The nmethod of claim2 in

7.
whi ch said packet calls are transmtted 1%2 ? downl i nk of said
packet radi o channel and said step of ca El ating average data traffic

conprises the step of calculating average data traffic indicative of

traffic on said downl i nk. 20 8. The net hod of
claim2 in which said packet calls are transmtted on the downl i nk
and.uplink of said packet radi o channel and said step of cal cul ating
aver age data traffic conprises the step of calcul ating average
data traffic indicative of conbined G;Jagf :lc on said downlink and
upl i nk. 25 9. The et hoFl i3 in which said packet
calls are transmtted on an uplink of said packet radi o channel
and said ste f cal cul at} I cket del ay further
conpri ses thg‘I ep of cal%gg gsag{;ﬁe‘;gge packet delay indicative of delay
on sai{ uplink. —_— ~— 1016
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30 10.  The net hod|[The Swedian Patent Aficeh Jai d pROTESERS VD b 64
transmtted on a downl i. ] Jo channel ;}a?‘ndnjjsaim

step of .cal cul ati ng average packet del ay
- 33- conprises—the—step_of cal cul ating aver

i ndi cative of de Ld ~ downl i nk. INTISHEET rhe
met hod of claim mmmm!mﬂgiﬂ acket calls are trapsfitted on the
n

downl i nk and upl i o] o t radi o chgnnel andjs i@'pﬂgw 1907

cal cul ati ng aver age packet del ay-c%ﬂf}ri ses thelstep of calcu i ng
average del ay [val ue] indicative of conbi ned}d T ownl i nk
and upl i nk. "12. -In a tel ecomunicati on system conpr]| si ng
at |east one packeiAT RICLAIMED IS: channel and a plural Ty of {ranscel Vving
stations, each of said transceiving stations capabl e of

transmitting and recédivi ndnpdelecommunicatioprsystem comprisingt at deast pag Recket edico
channel and a plurality of transceiving stations, each of said transceiving stations
capable of transmitting packet calls comprising a plurality of data packets on at least
5 one packet radio channel, a method of supervising traffic on the at least one radio
channel, said method comprising the steps of:
a) receiving periodic packet reports associated with at least one packet call
on the packet radio channel, said packet report including information on a number of ,
frames included in the packet call, a packet identifier for identifying the packet call o
10 associated with the packet report and a time stamp indicating when the packet call was
placed in a transmission buffer; -
b) calculating the size of the packet call in time in response to the
infonnétion on the number of frames;
c) calculating the difference between the time the packet report was
15 received and the time the packet call wﬁs placed in the transmission buffer;
d) calculating the time lapse since a previous packet report having the same
packet identifier was received; and _ o
¢) utilizing the calculations from steps b) - d), to calculate an estimated
average data traffic for the packet call on the at least one packet radio channel.

20
2. The method of claim 1, further including the step of determining an
estimate of average data traffic for all packet calls on the at least one packet radio
channel from the information calculated in steps b)- €) upon receipt of each packet
reporf.
25

3. The method of claim 1, further including the step of calculating an
estimate of the average packet delay for the packet call on the at least one packet radio .

channel in response to the calculations of steps b)- d).



ch_armel, a method of supervising measwmmaammaoaw eqst one rpffgi @ I
sai d net hod conprising [RET ath lication FSEFENRA344
recei ving periodic packet reports associ at ed with a packet cal | og 1'15‘1997
packet radi o channel, said packet report including i T a-mber

of franes for—the—associ at ed packet call, LBEME ts BB or

I dentifying t associ at ed vm'th t he packet repoft{ and
atime stanp Zﬁ!ﬂ gﬂg”ﬁmwmre associ at egz)z_ paclge? NOY! 199%as) p) aced
in a transm ssl« calcul ating the size| of the
packet call in time in response to the 20 I nf or mat i be of

franes; C) calculating the diffegence bet ween t he

t he packet report wa 0
D p 9. The meth6d & (hfin ) durktes 1ﬁdlﬁﬁ?nc§ i S8 ar baGs nrbg"‘ﬁﬁe

placed in the transm ssion buffe

time | apse si ncestimptecof dwsanEagealaCllelpdﬂay drathieras ledst oserpacket radio chammb ket
identifier was recei ved;

cal cul ations frJRPORIESOthS caqﬂﬁathna of %fFE‘ﬂ?)afi)s“%f%? r@%?‘?‘rﬁijteéé‘ pa%ket report. aver age

traffic deay for each individual packet call on the at |east one packet
radi o channel upon recei pt of each packet report.
13. In a tel ecomurfi.cat ikhe rmy!xxdmfcbhrrﬂrﬁmﬂmjndudihgﬂmmmefmmzhguhemhm

30 el 1oL SR R el ANSEE L, Al bl Sor SHRRG: in
packet calls corganirs! Afd Sorestioh dohtroPprotiédsés 183h& Sl 18ast one packet radio channel in
accordance with each newly received packet report.
10
6. The method of claim 2 in which said packet calls are transmitted on an
uplink of said packet radio channel and said step of calculating average data tr:;ﬁ'lc
comprises the step of calculating average data traffic indicative of traffic on said uplink.

15 7. The method of claim 2 in which said packet calls are transmitted on a
downlink of said packet radio channel and said step of calculating average data traffic
comprises the step of calculatiné ‘average data traffic indicative of traffic on said
downlink.

20 8. The method of claim 2 in which said packet calls are transmitted on the
downlink and uplink of said packet radio channel and said step of calculating average
data traffic comprises the step of calculating average data traffic indicative of combined
traffic on said downlink and uplink.

25 9. The method of claim 3 in which said packet calls are transmitted on an
uplink of said packet radio channel and said step of calculating average packet delay
further comprises the step of calculating average packet delay indicative of delay on
said uplink.

30 10.  The method of claim 3 in which said packet calls are transmitted on a
downlink of said packet radio channel and said step of calculating average packet delay

AMENDED SHEET
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‘on the at | east one packet
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super vi si ng 7t rl 1 iw

on the at |easT one Tadi o channel , said et hofigg N ¢rierpl eps
of : ' . &t Ng periodic packet r N‘%@@EE& Sj.:' *IFMFh
packet calls on klmm I(MIH”GEM}& radi o channel, sai packet report
i ncl udi ng i nfornmedi of frames 5 i ncllude® 7 NOVh§97
associ ated packet call, a packet identifi e|§3f or identiffying the packei tall
.associated with the packet report and a tiMe stanp indi catTng when the |

i _ »

by " Gar cul at i AP dRe afror ARSIgBRE SFnd plH BORL1

I'n respons

10 e

nunber  delmfimanes; 10 c) cal culating the difference
between the tine the packet report was received and the tinme the
packet call was placed in the transm ssion buffer;

calculating the tine
packet identifier wa

Haps
rec

d

. | . | d)
gl'ihg 'g{}&%g??g Baim’3 ﬁl%vslﬁ&as%:lﬁe&acﬁeg )%gﬁst arg ?r?qlﬁﬂttw 8:{1 ?]%me

I'ZI Ny

cal cul ati ogs f r Qwslifimd Rblinlldf saldopaeRétGadia (charme] £l saidbstéprofialculatingluversgee

data traffic delay for each individual packet call

on the at

| east one

packet radio
14.
apparatus conpri
packet

10

15

An apparatu

reports on a packet call

packet defdyacomprisepthe step of palculatingaavierags delay [valpel indicative of
@%@&%ﬁé&ﬁ?%ﬁg&h'dggmfirﬁka;.r{dltﬁ)ligﬁ'. a packet radi o channel, said

froma

12. In a telecommunication system comprising at least one packet radio
channel and a piurality of transceiving stations, each of said transceiving stations
capable of transmitting and receiving packet calls on the at least one packet radio
channel, a method of supervising traffic on the at least one radio channel, said metilod
comprising the steps of: '

a)
packet radio channel, said packet report including information on a number of frames
for the associated packet call, a packet identifier for identifying the packet call

receiving periodic packet reports associated with a packet call on the

“associated with the packet report and a time stamp indicating when the associated

20

25

30

packet call was placed in a transmission buffer;

b) calculating the size of the packet call in time in response to the
information on the number of frames;

c) calculating the difference between the time the packet report was
received and the time the data packet was placed in the transmission buffer;

d) calculating the time lapse since a previous packet report having the same
packet identifier was received; and

e) utilizing the calculations from steps b)- d), to calculate an estimated

average traffic delay for each individual packet call on the at least one packet radio
channel upon receipt of each packet report. '

13.
channel and a plurality of transceiving stations, each of said transceiving stations

In a telecommunication system comprising at least one packet radio

capable of transmitting and recelvmg packet calls comprising a plurality of data packets

AMENDED SHEET
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net wor k protocol stack, the packe

nunmber of frames conpri sy dratlhars el (Sl e e ke

i nd| catl ng when—the packet——catt was pl aced [ ﬂ@l@ﬁﬁﬁ@ﬁ

buf an adm ssion control ction for

cont roI | i ng almlm “m»“tmum Mlet calls 25 to the packeU?NﬁVd%ﬁar{nel ;

a congestion for controlling expul sipnjof packet call s

fromthe packet radl o channel ; and 34- a packet—r gdi o

ghannel tgalec super vi sor function responS|ve to the ‘ nunber df
rames and the ti st.anp _in ei

systemtraffic Sqr&ﬁﬁgt l?ggo@cﬂ?felfegﬁd ‘a“{'ﬂ %%%ggogﬁu "r'*w fa@gﬁgﬁ #q?%g

the congestion one radio charﬁenkalekn&mdn%singmwsdﬁme with the updated
systemtraffic status.

- 35- a)15. recaiviog @pp@apmcebreportaasmmedmﬂve packehealls pnithe
(Lo channet supeto RBYchame, i FRE R R BRI Py o5
nunber of fyg anesintladddetheassoeibted padket call, a packet identifier for identifying the packet call
associated with the packet report and a time stamp indicating when the associated
packet call was placed in a transmission buffer;
b) calculating the size of the packet call in time in response to the number
of frames ; '
10 c) calculating the difference between the time the packet report was
received and the time the packet call was placed in the transmission buffer;
d)  caloulating the time lapse since a previous packet report having the same
packet identifier was received; and
e) utilizing the calculations from steps b)- d), to calculate an estimated
15 average data traffic delay for each individual packet call on the at least one packet radio
channel upon receipt of each packet report.

14.  An apparatus for controlling traffic on a packet radio channel, said
apparatus comprising: _

20 means for receiving periodic packet reports on a packet call from a
network protocol stack, the packet report including a packet identifier, a number of
frames comprising the packet call and a time stamp indicating when the packet call was
placed in a transmission buffer;

an admission control function for controlling admission of packet calls

25 to the packet radio channel; '

a congestion control ﬁmctlon for controlling expulsion of packet calls
from the packet radio channel; and

a packet radio channel traffic supervisor function responsive to the
number of frames and tﬂe time stamp in each received packet report for updating

30 system traffic status and controlling the admission control function and t_he congestion
control function in accordance with the updated system traffic status.

AMENDED SHEET
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data packet_call ~ fromth | et T

a difference betvveen a tinme the packet report wa

tine the pac the transm ssion buffer; and

third neans: !’ﬁﬂﬂ}ﬁgn el apsed tinme since a packgt re@)ZNOWW 10 ¢
sanme packet |dem| Li e cei ved. 14. | . The apparat §is
of claim 15, further including rmeans respassive to the Size of the¢
packet call, the packet delay, and the el apsed tine bet ]

for determ ning an avsrag%éaﬁfﬁr&dsaffﬁlaﬁn {Pivhérem the phcket fadid chaﬁﬁel supervisor
17. The apparatus of claim further including neans responsive to the

si ZE ;)f t he pacﬁa&tlomﬁlrthfet bmglmﬁ’sket del ay, and the el apsed ti me between
packet reports r deter ver age
packet radi o channel .  2(Jfstmeansior caﬂ:glaﬁgg ?éﬁ%éa%g e 16+ ﬁg'le%’rﬁ%?

further includi REmBBATTanRS RPheipdskek Feporte si ze of t he packet call,
the packet delay, and the el apsed time between packet reports

fo
determinin§ an average paséwmddueans foreaianlnting a packesdelaytfor thel data packet call

19. The apparatus ,of.claim1l ns. r t he
25 Si w6 ofiahthe fibe Sampafte pork oy cEeitaling » Sneich eBraD acinf s

bet ween packet g, nwasrmdﬁadeﬁﬂmﬁucm&vwapmceaagaeﬁaﬁmgsl&e&mrfor
t he packet radi channel upon recei pt of each packet report.

third means for calculating an elapsed time since a packet report with

10 same packet identifier was received.

16.  The apparatus of claim 15, further including means responsive to the
size of the packet call, the packet delay, and the elapsed time between packet reports
for determining an average data traffic for the packet call.

15 '

17.  The apparatus of claim 15, further including means responsive to the
size of the packet call, the packet delay, and the elapsed time between packet reports
for determining an average data traffic for the packet radio channel.

20 18, The apparatus of claim 15, further including means respdnsive to the
size of the packet call, the packet delay, and the elapsed time between packet reports
for determining an average packet delay caused by the packet call.

19.  The apparatus of claim 15, further including means responsive to the
25 size of the packet call, the packet delay, and the elapsed time between packet reports
for.determining an average packet delay for the packet radio channel upon receipt of

each packet report.
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