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CONGESTION CONTROL

BACKGROUND OF THE INVENTION

The present application is a continuation-in-part of U.S. Patent Application
Serial No. 08/529,559, entitied “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 controlling packet switched radio

channel congestion in a telecommunications system.

Hi f the Prior 2

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 systeths 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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PCT/ SE96/ 01345 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 channe} 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, uncontroiled flow of users to, 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 packet call increases. In some applications the delays may be unacceptable.

Therefore, a need exists for a method and system for controlling packet
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channel . Mobile users unsuccessful at accessing t nmust
repeat the trameeilssi on of the data packet until it is accepted by
‘t he sySteg} The systemusers transmtting data packets to nobile
users al st contend for the downlink by being placed in a queue.

Because i n suchSEMMARY'OFJIHE INVENTIONsses t he packet-sw tched channel in
25 a random fashion, uncontrolled flow of users to, from, and between
t he packet - The present invention provides a method and system for packet switched radio
channel congestion control in a telecommunications system. The invention allows a
system operator to set the maximum average time delay that will be incurred in a
15 packet call for a user allowed access to a packet switched radio channel (PRCH). By
setting a maximum average time delay on one or more PRCHs of a system, a system
operator can be assured that PRCH users are not subject to unacceptable packet
transmission delays. When the estimated average time delay for packet calls on the
PRCH is within a predetermined range of the set maximum average time delay, lower
20 priority packet calls can be expelled from the PRCH. The average time delay for
higher priority packet calls in which long packet delays cannot be tolerated will then
decrease. to below the set maximum average time delay. This avoids the problems
associated with conventional contention mode packet switched systems in which users
each randomly contend for use of the PRCH. In such conventional systems, the
25 average time delay for data packet transmission rises as the number of users
contending for the PRCH increases.

In one embodiment, the invention comprises a PRCH congestion control
function for each PRCH of a system. The congestion control function determines if
the average time delay for packet calls on the PRCH is within a delay alarm level set

30 by the system operator. If the average time delay is not within the delay alarm level,
the congestion control function then performs an evaluation as to which packet calls
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5 priority, a single packet call is selected at random or, on the basis of a comparison of

parameters associated with each of the lowest priority packet calls.

‘When more than one packet call is to be expelled, the packet calls are selected
for expulsion starting with the lowest priority packet calls. A number of packet calls
are selected until the sum of the average data traffic from the selected calls is greater

10 than or equal to the excess data traffic on the PRCH. If it is necessary to chose from
more than one packet call having the same priority, a packet call may be selected at
random or, on the basis of a comparison of parameters associated with each of the
packet calls.

In alternatives of the embodiment, the cong&stidn contro] function may be used

15 to determine congestion on the uplink and downlink of a PRCH separately, or, on the
combined uplink and downlink.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the method and system of the présent
20 invention may be had by reference to the following detailed description when taken
in conjunction with the accompanying drawings wherein: '

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

25 switching functions of a cellular telecommunications system into which the present
invention may be implemented;

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;

30 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
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FIGS. 8A-8C are flow diagrams illustrating process steps followed by the
packet radio channel controller congestion control function according to an
embodiment of the present invention;
FIG. 9 is a flow diagram illustrating process steps followed by the packet radio
15 channel resource manager according to an embodiment of the present invention;
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
25 controllers (RNCs) 104 and 106, base stations (BSs) 108, 110, 112, 114, 116 and 118,
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,
30 of base stations 108, 110, 112, 114, 116 and 118, depending on which base station’s
coverage area the mobile is located. In FIG.1 mobile stations 120, 122, and 124 are
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upl i nk and dowgontifl node 102 may be connected 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

10 (ISDN), a packet switched public data network (PSPDN), or a X.25 system. While the

celiular 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

15 channel (PRCH).

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

20 invention. The UMTS is a mobile communication system using direct sequence code

division multiple access (DS-CDMA) with a multi-rate radio interface architecture.

In the CODIT/UMTS system packet radio service is pfovided 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

25 controllers 104 and 106 or mobile control node 102. The PRCH is a full duplex,

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

30 stations on a PRCH, MCN 102 assigns each mobile a virtual connection identifier

(VCI) when it grants access. The Vel is represented by a k bit number and serves as
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to an enbodi menbetwkethmobilestations 120, 122 and 124 and ths ngtwork.0Qg the DL, the mobile
PCT/. SE96/ 01345 control node 102 can send mobile station data packets and information for contro]ﬁ’ﬁg

5 the access and data transfer on the UL to one mobile station or simultaneously to a
plurality of mobile stations. On the UL, the mobile stations may share access to a UL
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

10 physical data channel (PDCH) and a physical control channel (PCCH). Two base
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 contro}

15 (DLC) layer 204, a medium access control (MAC) layer 206, and the physical layer
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.

20 The connectionless packet service (CLPS) entity of network layer 202 provides
the packet service to the mobile station. The CLPS of network layer 210 provides the
functions of registration, authentication, assigning and administering VCls 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 viaa

25 dedicated control channel (DCCH and CC). After the packet service set-up, the
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.

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

block code (BC) for detecting transmission errors on the receiving side,
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106, base statigpp1 gBSs) 108, 110, 112, 114, 116 and 118, and

nobi | e statlons (MSs 120, 122 and 124. Each base station 108, 110, 112,
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E;gtei S?Zt }Moﬁl.hl nsitgﬁﬁs on the uphnkr(i‘ﬂ.)%n&%%ﬁﬂ?(ﬁif%sp&?gg? of % ce‘fluiat system t he
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 functionally as mobile station protocol stack (MS/PS) 218 and

15 mobile station system manager (MS/SM) 220. Network 302 is shown functionally as

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.

20 | For uplink (UL) packet transmission and reception the following scheme is

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:

25 . . packets containing user data; and .
packets containing user data with piggy-backed
downlink reports (DLRs).

b. Packets not requiring acknowledgment:
. packets containing only DLRs.

30 A timer is set in MS/SM 220 when a packet requiring acknowledgment

is sent. If the timer expires before an acknowledgment is received, the
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stations 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. Radi o network controllers 104 and 106 are in turn connected 5 to
nobi |l e control node 102. b| | e contr.ol de 102 is a switching center that
supports the i nterconnecPREft iyFons éé?P%fafr systemto fixed network 126.
Mobi | e cont nY, NeselIloR daR adk@ts,%&ﬂ@%hﬁﬁle&&efséﬁi%‘lﬂ$m23 Ag6 by

| andl i nes or ot her ui val ent connecCtions. The fixed network 126
may conprise an internet tmmgmfﬂwem-packetapacbcnsmpcsx@ausgmabtheﬂ\EWSMe

packet sui tohed publ fc- 480k TRIBARY BEF Mlaf) Sl il bas frep sent G
cel lul ar tsel ecommuni cat i paticiyacketof FIG 1 i s shown as a particul ar
configuration, .. .
3U. Afterreceiving a UL datapacket, a UL packet report is sent to NW/SM
224. This report contains information required for traffic supervision.
4U. If 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

10 to NW/SM 224.

5U. 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.

15 6U. Upon receiving an acknowledgment in MS/PS 218, A packet
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.

20 For DL packet transmission and reception the following scheme is used (the
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:
25 . packets containing user data; and
. packets containing user data with piggy-backed
acknowledgment/no acknowledgment (ack/nack)
information for previously received UL packets.
b. Packets not requiring acknowledgment: |
30 . packets containing only ack/nack information for
previously received UL packets.
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mul tiple access (DS-CDVA) with a Iti-rate radio interface architecture.
I'n the CODI T/ UMTS systemﬁpfa@wéfseﬁ% reguinng ackngvyledgraent gre sgnb;  dhe

stations 120, 12: : i AEkrdW] : :Sstation
108, 110, 112, 114, 116 g‘ﬁ"cf@ Qq”’;&%ewréilfg Pl e{;{ga;n§§,‘{eg$§,1p .

more PRCHs at the requestconsideraidp be tost.wor k 25 controllers 104 and 106

bi | trol 1 T P ' full. | ex, .
g;ygrelt r?cgﬁnchnngfﬁhasﬁmhﬁk d@ﬁ’&‘?"é?ﬁ : 3%?#1 RRcks T9PGTLS $8REtUp| i nk
(W) and s downl i NawfSRE 2281 THredd SortAiRd inforfidafibh Riquilad for ‘tAlRS Up tO

9.6 kbps (narrow band .. Channel )" or up to 64 kbps (nedi um band
channel ). MCN 102 can at tsupstvimoRt i pl e nobil e stations to a single

PRCHGY LD 9" 19 el wniodliaby ! B SEKEIMPOALE iy i 7>
(VCl) when it grants accexsactebifor ¢acH frame andser3eMSESMI220.aA1chddnd ofitheiDEr and
Serves as packet, a packet stop signal is sent to MS/SM 220 indicating that the
10 last quality sample has been sent for that particular packet.
4D. After receiving a packet stop signal, a quality estimate is sent to
MS/PS 218. This estimate is a measure of the quality of the entire
packet sent on the DL.
5D. 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 sent to NW/SM 224. If no
acknowledgment is received before the timer introduced in Step 1
above expires, a packet lost messagé 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, 406¢c 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, 406c and 406d, depends on the number
of PRCHs necessary and, resources available, for packet switched traffic in the cell.



WD 97/ 16040

PCT/ SE96/ 01345 =7-

a unique address within the area controlled by MCN 102. The
PRCH is structured in ten ns tine slots to convey fragnmented packets

bet ween nobil e stations 120, 122 and 124 and the network. n_the .. the
nobi | e WO 9IHIeMOr ol node 102 can send nobil e station dalf%r’wé’ﬂ ¥ and
information for controlling 5 the access and data transfer on the UL
to one nobile station or sinultaneously to a plurality of nobile
stations. On the UL, the nobile stations may share access to a UL

PRCH if within the coverage area of the ddre base station. After gaining

access to the PRCH, the nobile station transmts the packet to the
system over a [hys erdiodimmnslniwnm FIG 4, therel fire fbmg’lRGi{s infteercell] ERVRERCH nmapped
onto two physi cal annel a,l10 ( PDCH)
and a physi cal @BE&P%I“E ﬁﬁ@? P%Hh dcélm"’“(}‘gi‘at"ﬁ’ﬁrﬁ‘rﬁ“'c‘?lj'l
transcei Vers alifidy M@?ﬁn@éﬁeﬂ%ﬂﬁrﬂ hé%@ssﬁ??opmé’rtohaveaccesstoaPRC of
Referring now to FIG therein is illustfated the protocol stac 00 for
t he pdbkeell. sﬁecephpngf faussoidecneguest vialthe M/mrmokemhermeﬂbi | e

netvork | dyer J0ee AP TheRRE bR AQ i o B Bk itp botc o] iR, °°

access control expifRd fréni a/PRCE dué Blcdngestioh ad adacked L&l expelled mdxcat?&ﬁs On the
net work si de, the network réocol staAégélNWPS) 220 _conpri ses
network | ayer JXeesiveddfrom @ RRGH controjler HWBCMWW%M%WH tBe MON

or RNC, ”]rﬁ’éi-ﬁﬁﬁrsgézﬂﬁ t base
station and I\/Cﬁnva‘em o %Ql%'gl ﬂfaye?@doémﬁ 5’3@‘ tsQﬁp The
connect i onl ess gragideniakyrelease glagl/desial sngnaltﬁpnuhemsbmeinaﬁagmsreaﬁﬂed)row des

th k t th bi t Kk | 210
prgvfggse@hserv' ° Wﬁ%?o %&Bﬁﬁéﬁ‘fﬁé‘”‘% ‘g 8“1”?%@# B?Fay:gm gni ng

and admini stering V@)s amdnew 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, P,,, (scaled to the
maximum user bi trate of the PRCH). This comprises separate
parameters for éach of the UL and DL.
. Priority, Pri. This parameter can assume a value within the interval
[O,Pri,,). The priority can be assigned on the basis of the mobile
30 station initiating the call or being called, or on another basis.
A service request is evaluated through the service request evaluation function



interfacing to a packet data network. During a packet call, the CLPS

entities use a | ogi cal link adm nistrator (LLA) to initially route
packet service set-up signhals via a 25 dedi cated control channel (DCCH
and CC). After the packet service set-up, the nobile station is
attached to g,ﬁg d all nmessages between the CLPS, i ncl ugj 1345

nobi |l e stati packets, are passed through the DLC to a packet-radio
(PR) control entity. The PR entity is also responsible for nornal
nobi | e tel ephone system functions such as handover, connection
re-establishnment, etc. 30 The packets to be transmtted on the

PRCH are fragnented, protected with a -12- bl ock code (BC) for

detecting transm ssion errors on the receivi ng si de, WO
97/ 16040 408. In the service request evaluation, the PRCH manager 402 sends a PRCH

PCT/ SE96/ 01345 iaai <
convol utional | yac(iarrt]ugg réa?qulesrt]tfo(gralpg%ls/egc l(tIOL ?°§3mRF§h°38“?‘Ffr“o4l?8%’ 436??13“0?%8 exer
(MUX) and 406d. IRRCH manager 402oxil] dryesach PRCHRGOhirolier #06a0 #06bn4G6cart406d, . €. g.

Fece| ving of de. Wfkedeyssigns eenief e pecktl i3 Girafibinetduani ot BRIRCHE A Ve
sanpl es, rgassepy sidkétchl itk klhitted Aahy STHEELRhg FRCES (the PRCIE afiissiba Onl ess
packet service (CLPS) entit \1/, When a bl'ock decoder on the receiVving

request is denied by all PRCH controllers 406a, 406b, 406¢c, and 406d), PRCH

manager 402 decides if the service request should be denied or if the packet call should

be put in the admission queue 420 by using the admission queue handling function

410.

10 A packet call placed in the admission queue is temporarily suspended, i.e., 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. Ifthe packet
call is to be placed in the admission gqueue, the PRCH manager informs the users by
sending a packet call suspend indication signal.

15 A packet call expelled indication signal is received in PRCH manager 402 from
a PRCH controller when a packet call is expelled from a PRCH due to congestion, i.e.,
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
call expelled evaluation function 422 the PRCH manager 402 sends a PRCH

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

If the packet call is not admitted in any of the existing PRCHs, PRCH manager

25 402 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
via NW/PS 222. If the expelled packet call is not placed in the admission queue 420,

30 a packet call detach indication signal is sent to the user via NW/PS 222,

A packet call admission queue signal indicates that the admission queue 420



side detects the recei pt of an erroneous packet fragnent, a packet radio

caontrol function requests its retransmssion. In cellul ar system.
100 there may be several PRCHs distributed anong the cells
controlled by base stations 108,110,1 12,114, 116 and 118. 10
Referring now to FIGS. 3A and 3B, therein are illustrated the exchange of
signals on t ROk (UL) and downlink (DL), respectivel y,P‘B"f’SW ul ar
system PRCH operating according to the present invention. FIGS. 3A
and 3B show t he si gnal exchanges between a nobile station (M5) 300
and the network (NW 302. Mbbile station 300 is shown functionally
as nobile station protocol stack (MS/ PS)-Bt8 and 15 nobi | e station

system nanager (MS/SM 220. Network 302 is shown functionally as '
net wor k pr ot ocoshousiddbeichqckrd: A5} adniissionqhevesignal ay hegepemaed by timenseias i) 224,

The .pr ot ocol stac& IS I SP nsi bl,e for d r.ansm ssi on.and, t system

PSS Sten) SaekaiRfeRTeS ek st Akl 08 Berl i€ b .
manager is S CO | ection
bet ween t he net i admission gutte handling functioh#10: 16 tietddfissioR Queue handling funfgn Up! i Nk
(UL} packet transmi.ssion and reception the follow ng schene is used

(the steps corr®eF&H pynagses 4 PRCHradmission requgst forthe pakegea)l in the

1U. The Ng/PS . | ' t NW PS

222, tuo of wni Spiras o388 it thE fefst AR o 6h GFPRCHRBETES 4Ba, 40,

Packet s requi ri #@6cae406dy PRIOHwmenage? 902 will send the admission request to each PRCH

packets contai ni ng ys d ; d . oo . .

packets cont ai npqﬁoﬂggbﬁ%%@,gﬁﬂrﬁ%wgmtﬂlsgrantedorthepacketcall1snot o

downl i nk repor t gintithd3nlany of the PRCHs. If the packet call is ddmitted tBafmKé¥ithe PREHE &AUI i Ng

acknow edgnent : o L. . . acKet s containing

only DLRs. 30 packetcall resume indication signal jsentite theawserivia NB/BR22220 when a. packet

requi ri ngggcknow edw . e g

expires ble(?ore an ac nov\llmeagsq%ﬁ?Z?l%oc}egxélgf Vlelgﬁ “f%deeé esWEosel%ﬁH&f’k&ﬁr
orrelease 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

O

resource manager 404 which controls the allocation of system resources for PRCHs.

Resource manager 404 either denies or grants the request by sending a setup request

15 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¢c and 406d supervises the traffic on one

PRCH of the cell. There is one PRCH controller for each PRCH in a cell. Each

PRCH controller 406a, 406b, 406¢ and 406d receives traffic information on the PRCH

20 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 4144, 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,

416a, 416b, 416¢ or 416d, when an admission request is received from PRCH manager

25 402. The information contained in the packet report rhay also be used to decide if the

PRCH congestion control function, 418a, 418b, 418¢ or 4184, 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

decides if the packet call should be temporarily suspended or detached through the

30 packet call expelled evaluation function 422. Depending on this decision, the users

are informed by a packet call suspend indication signal or a packet call detach
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packet is considered to be |ost. 2U. For all UL data
packets, quality sanples are sent to NWSM 224. At

t he end of t&go%lhl‘?&cket a packet stop signal is sent to thgchNéfosiaes -

224 indicati al the last quality sanple has been sent for that 5

parti cul ar packet. 3U. After receiving a UL data packet, a
UL packet report is sent to NWSM 224. This report

contains information required for traffic_g_upervision.

If the UL packet contains a piggy-backed

stand-al one DL h . ality estimate is extracted and forwarded 10
Lo W G\t 254, indicaffor g

Ror if the packet is a

5U. If the transmtted UL data packet

requires an acknow eRegsomoé masdger 404 controls the allocation of systeBCiesutirdes €3 FRckiet
message is sent fromNWPS 222 to the M5/ PS 218,

nmessage can be eadiorhanneisy The

nobi l e station
acknow edgnent

si gnal

413 murenuest that anew PRCH be set up or

A R s e o B B30 150

i s $Sent PRCHSM3hdge 804 tintinvoustyk monitars gheesize ofsthe admission queue 420.

10

15

20

25

30

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. IfP,., PRCH is set to
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 controllers 406a, 406b, 406¢ and 406d may be
implemented into the base stations, radio network controllers and mobile contro! nodes
of a cellular 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
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
internally generated admission queue signal or, 2a 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
evaluation.

The service request evaluation of Step 506 involves requesting PRCH
admission in Steps 508, 510, 512, 514, 516, 518 and 520. The service request

4U.

The

an
ged



recei ved before the timer introduced in Step 1 above expires, a packet

| ost _nmessage is sent to the MS/SM220 20 For _DI_packet
transm ssion and reception the follow ng schene is used (the st eps
correspond to the nunbering of the arrows in FIG 3B): 1D.
The NWPS 222 can send three different kinds of packets to the M5/ PS

218, two of W@EM6A4Oqui re acknow edgment . PCT/SE96/01345 -

Packets requiring acknow edgnent: 25

packets contai ning user data; and

packets containing user data wi th piggy-backed

acknow edgnent/ no acknow edgnent (ack/ nats)

i nformation for previously received UL packets. b.
Packets not reegualuation zcepawidefdyreactt PREM controlier 406a, 406b, 406c and 406d,

packets Sont 2! 1L 0chly R LNaES | TORE p3mel SipopAcHiarmain. ArStp s
PCT/ SE96/ 01345 pRCH manager 402 sends a PRCH admission request to one of PRCH controllers
' 4063, 406b, 406c or 406d. The process then moves to Step 510 as PRCH mariager 402
5 waits for a response. The PRCH manager 402 periodically checks at Step 512 to
determine whether a response has been received from PRCH controllers 406a, 406b,
406¢ 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, 406¢c or 406d, the PRCH admission
10 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
15 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
.20 until an admission grant response is received from PRCH controller 406a, 406b, 406¢
or 406d, or, until all PRCH controllers have denied admission. When the sewiée
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. If an admission grant was received from a PRCH controller, the
25 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
30 be put in the PRCH admission queue. It is determined to put the packet call in the
admission queue 420 if the following criterion is fulfilled:



-10- A tinmer is set when packets requiring

aeknow edgnent are sent. If the timer expires before
an acknow edgnent is received, the packet is

considered to be |ost. 2D. Wen a DL data packet is
transmtted, Sﬂ?%‘ﬁgﬂcmt report is sent to 5  PCTISESSIASM 224,
The report c I nformation required for traffic

supervi si on. 3D. Wien receiving a DL data packet in MS/PS
218, quality sanples are extracted for each frane
and sent to M5/ SM 220. At the end of the packet,

a packet stop signal is sent to M5/ SM 220" ndi cating that the 10

| ast quality sanple has been sent fgqrvzjﬁbfk g@r hcul ar packet.

4D. After receiving a packet stop St a“,r) mﬁg’lity estimate is sent to
MS/ PS 218. Thi sp e€r§ isrmé Rqlifedestimacd aeeraése daﬂﬂrdlﬂé\fdrtthe wer ds¥fufidtion of the

packet sent on t*A A DownLi nk Report (DLR)
contai ning an aaenﬁmmxemewdgq(r)aﬁ&emtedmfﬁc of all packet calls mthmdrmssgon

estimate is sent to gg%h

cont ai ni ng userq‘&’ﬁ%fl\lw “édcyg’ﬁ eﬂi afrﬁ!eills@irggf@e tand- one Gl “ﬁFé’g’y-
backed on s UL s gérvitetraquestciyps. .P.A(r) wﬂleemmmumgmbtved Rquested MO the
222, the quality estimate i s _forwarded to NW SM 2

| f the ack/nac kaqnﬁﬁ%?%%“Srf' P s @rungtion of She seryice 5?9“&'&1( A8 #fterastives of “?0
L b ne S gl o ST e e e
above expires, uplmkslmd dbwslinkmawagdy.l s, using valoestﬂaethmupﬁm:d downhnks
e 00 1O L QuBls bR AR BR Rt bo AR Bl
oper at i ngi@ccor giThigrebpa bﬁ@nt%uon benﬂ’eﬁamfent m&w@%sts Hlﬂ:efdum'hlmst y of
t he packet radio traffic managenent  which i
For example, when requesting a PRCH dunng 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
time.
If it is determined, at Step 528, that the packet call is to be put in the PRCH
15 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
to the user via the NW/PS 308. The process then moves to Step 534 of FIG. 5B. If,
however, at Step 528, itis determined that the packet call is not to be put in the PRCH
20 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 expélled indication
was received. If the input was not a packet call expelled indication, the process moves
to Step 562 of FIG. 5C. If, however, it is determined at Step 534 that a packet call
25 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 request process of Step 536
involves Steps 538, 540, 542, 544, 546, 548 and 550. Step 536 is repeated for each
PRCH controller 406a, 406b, 406¢ or 406d until admission has been requested to all
30 PRCHs. At Step 538 PRCH manager 402 sends a PRCH admission request to PRCH
controller 406a, 406b, 406¢ or 406d. The process then moves to Step 540 as PRCH



|l ogically located in the NWSM 224, conprises three main bl ocks: PRCH

manager 402, resource panager 404 and PRCH control | ers_406a, 406b,
406c and 406d. Normal |y, there is one PRCH manager 402 for each

base station of the system If a base station supports nore than-
one cell, there is one PRCH nmanager 402 for each cell. 30 The lrsl‘t‘Jsrr_ber of

PRCH contr ol M0 91688a, 406b, 406c and 406d, depends on the
of PRCHs necessary and, resources available, for packet switched traffic in
the cell. _ WO 97/ 16040
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In the enbodi nent shown in FIG 4, therelae four PRCHs in the cell. Each
PRCH controller controls one PRCH conprising an uplink and

downl i nk. The mritaeger 402 waits foramresponse4 The PRCOHmahaper 402-periodically checksasary f or
a user to have acciq'i[s

f h 1. ' f
service requestSth tﬂtégmi“ﬁmw hag, eq%;{é%w@ ﬁﬁsﬁéﬁ%@@"&%z. The
PRCH manager 4Qge Yrhb redhonse 18 béel YREREL, tHe prodi@GlGVes btk o A2 Waid 5P gt&ﬁtep

expell ed froma PRCH due to congestion and a packet call expell
i ndi cation is 540. If, howeyescitisdetdrniinesiat Stepid? thatmrespanisehas beethecdivedftomy, t he

PRCH man ager 4%%: lyﬁélll cgn%'oller to which the admission request has been sent, the process moves
to Step 544 where it is determined if the response if an admission grant. If the
response is an admission grant, the packet call expelled evaluation ends at Step 550
and the process moves to Step 552. If, however, at Step 544, it is determined that the
response is not an admission grant, it is an admission denied response and the process

10 moves to Step 546 where it is determined if the admission denied response was sent
from the last PRCH controller to which an admission requeét could be sent. If it was
not the last PRCH controller, the process moves to Step 566 and repeats the admission
request process of Step 536 for the next PRCH. The packet call expelled evaluation
of Step 536 is repeated until an admission grant response is received from a PRCH

15 controller or, until all PRCH controllers 406a, 406b, 406c and 406d have denied
admission. When the packet call expelled evaluation process of Step 536 is
completed, the process moves to Step 552.

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

20 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
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

25 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. 5A. If it is determined at Step 556
to place the expelled packet call in the admission queue 420, the process moves to Step
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

30 determined at Step 556 not to place the expelled packet call in the admission queue
420, the process moves to Step 558 and a packet call detach indication signal is sent



i nvoked if an internally generated adm ssion queue signal or a PRCH setup
grant/deni al or release grant/denial signal fromthe resource nmanager is

received. 10 A service request could be received in any of the
foll owi ng situations: 1) A new user wants access to a
PRCH to initiate et swi tching seryl

2) A user 89'145 make handover from a PRCH of another ce ’%’“‘3‘5

PRCH of the cell in which PRCH nanager 402 is |ocated. 15 3) A
user wants to re-establish a | ost PRCH connection. 4) A
user wants to update its traffic requirer‘rre]l see bel ow.

Each traffic event |isted above results im® serV| ce request being

forwarded to t he nager . The servic e nt aj
i nf or mat i on necégéhoFrVef&abgmr ¢ process “‘39"%?3?‘1??% ?gq'ﬂgﬁp g}aﬂ fuation
function 408 of gilRGtanager 402. The information 20 i ncl udes:

[err] Type of request . [err] Required esti mat ed
average user data t r tfStep 563 of FIG. S€cit fsedetarminer 4f an admission queue signal was

maxi mum user Dbi Lral Thi s, ¢ [ Ses ar at

paraneters for d&¢h Of {Wer%ﬂss% Wi ot rek WEQF 'P‘fessm‘mﬁéﬁﬁ@ed
estimat ed FaXi MEBWTRIGISDA I, howéves, it E[d%feﬁiunéﬁ ﬂﬁtﬁdadrﬁ:sitdilﬁqueue signal was
maxi num user bi trate of the PRCH). conpri ses separate

paraneters for cesived; theReocess I‘AQYGSH_SWP 563. Al Step 563 it is determpined if anyrpacketi ¢ v
Pri. Thi
r 'S par a"%ﬁhr@?rf‘th@?ﬁ ls‘éi%h Ignegﬂoﬁlﬁ?cdg%few&#?{lﬁ missjon

[O Priferr]]. The priority can asis o
station initiat |q1gu¢420ufﬂidcelb,nhdmow@ma#dsadﬂlemtsmteaof&dpaozhﬁEKBSA At

A servi ce requesy, | eyl uatetyl BLoHON LS, BTG F RS iy W2 23
10 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 406a, 406b, 406¢ or
406d, from PRCH manager 402.

The admission request process of Step 564 involves Steps 566, 568, 570, 572,
15 574,576 and 578. Step 564 is repeated for each PRCH controller, 406a, 406b, 406c
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
. PRCH controller 406a, 406b, 406¢ or 406d. The process then moves to Step 568 as
PRCH manager 402 waits for a response. The PRCH manager 402 periodically checks
20 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
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
25 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
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.
30 If it was not the last PRCH controller, the process moves to Step 566 and
repeats the admission request process of Step 564 for the next PRCH. The admission
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408. In the service request evaluation, the PRCH manager 402 sends a PRCH
adm ssion request for a packet call to one of PRCH controllers 406a, 406b,

406¢c, or 406d. PRCH manager 402 will try each PRCH control |l er 406a,
406b, 406c, WO 9060 until admission is granted or tBfE/SEIMEES Cq) |
is not admtted in any of the PRCHs. If 5 t he packet call is not
admtted in any of the existing PRCHs (the PRCH adm ssion request

I's denied by all PRCH controllers 406a, 406b, 406c, and 406d), PRCH
manager 402 decides if the service requed®-should be denied or if the
packet call should be put in the adm ssion queue 420 by using the
admi ssi on queudequestdévialigtion of Steprf64 is repeated n(util 80 admission grant Aespomsecis cal |

[T Sslon dueusiERe . . Y
ot or mat on | s R Em A Ko eonupL Sbam B B M Bharele sabe. o, Rfbesad et
call is not  406d havepdeniedchdinissioRe Wikt the aeiissioR Wehuest prRES JTSIEPEsH4ad si gnal

is sent to the user. If the packet call is to be placéd in the
adni ssi on queucompleteditheprosesymgyas to BepS88. t he users by sending a

Pkl ot susnend A SH kAR ol ey gy B
control | er wheranpPRGHcehtrallat in Step 5640 B dnedndissivm grarit Rispbride/ wras Rcdi GoddRsHR | ON,
;k Sél’ led indic &Eé}%ﬁﬁgg <e rc_,:?llel pal:ksct Eﬁpl?a\élexgg zI lrling:SE }t]r?oriliyR%_lthe ﬁdnei?scignettlueﬁg '
420 is removed from the queue and the process moves to Step 582 where a packet call
resume indication signal is sent fo the user via the NW/PS 222. From Step 582 the
10 process moves to Step 584 of FIG. 5D. If, however, at Step 580 it is determined that
an admissibn grant was not received, the process moves directly to Step 584 of FIG.
5D.
At Step 584 of FIG. 5D it is determined if a PRCH setup grant was received
from resource manager 402. If a PRCH setup grant was received from resource
15 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
20 . where the PRCH manager deallocates resources from the PRCH controller 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
25 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 require& 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
30 downlinks separately, or, using P, and P, PRCH values for the uplinks and downlinks
of the cell combined. At Step 596 a PRCH setup request is sent to resource manager



I's evaluated through the packet call expelled evaluation function 422. In

t he packet call expelled evaluation function 422 the PRCH nanager
402 sends a PRCH 20 adm ssion request for the expelled packet call to
one of PRCH controllers 406a, 406D, 406c or 406d. PRCH nanager 402
wll try eac ntrol |l er 406a, 406b, 406c or

adm ssi on ishﬁggﬁygggor the expel |l ed packet call is not adn?%?egﬂgﬁbgny of
t he PRCHs. | f the packet call is not admtted in any of the
exi sting PRCHs, PRCH nmanager 25 402 decides if the expelled packet cal
shoul d be detached or if the expelled packet call shoul d be put in

t he adm ssion queue 420 by using the adm STt on queue handling

f tion. If th Il ed t | | I d 420, th
packet Ccal | 408 BromSicn R HSmoees reppRaiviis s SFHeR 02 g vty
i ndi cation si gnged 594389 Betbrfhired that!s féw PRCH is not réuitedy¥i ] p'?o&zs?mowst&éep

expel | ed packet call is not placed in the adm ssion queue 420, 30
packet call det ®. i ndication signal is sent to the user VI a NWPS 222

A packet. cal | a0 551,08, G5Hfoe Slleof pBllef Bl e A P 6 i¥HH8 eV 420
PCT/ SE96/ 05345  Step 598, it is determined if any PRCH exists that is not carrying any packet catld. 3

it is determined that no PRCH not carrying any packet calls exists, the process returns
to Step 502 of FIG. 5A. If, however, at Step 598 it is determined that one or more
PRCHs exist that are not carrying packet calls, the process moves to Step 599 where
a PRCH release request is sent to resource manager 404 for each PRCH not carrying
10 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 8 A-8C, therein are illustrated flow diagrams
showing Steps followed by each PRCH controller, 406a, 406b, 406¢ or 4064, for the
PRCH traffic supervision, PRCH admission control and PRCH congestion control
15 processes, respectively, according to an embodiment of the present invention. PRCH
controllers 406a, 406b, 406c and 406d each continuously supervise data traffic, the
average packet delay and, also receive admission requests for a PRCH.
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,
20 each PRCH controller 406a, 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
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
25 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
relevant PRCH. The traffic statistics are updated using information contained in the
packet report. Each packet report contains the following information:
30 1) Transmitting mobile user identity for UL or transmitting network user
identity for DL.



shoul d be checked. The admi ssion queue signal nmay be generated by a tiner
set _as the system operataor desires A packet call admi ssion queue
signal is evaluated through t he adm ssi on queue handling function
410. In the adm ssion queue handling function t he PRCH rmanager 402
sends a PRCH admi ssion request for the packet call in the 5 ag‘%i_ssi on
gueue with tweMeMest priority to one of PRCH controll ers%ﬁ@&?"% b,

406c or 406d. PRCH nanager 402 will send the adm ssion request to each PRCH
controll er 406a, 406b, 406c¢c or 406d until admi ssion is granted or the
packet call is not admtted in Y of the PRCHs. If the packet

call is admtted to any of the PRCHs, a ™% packet call resune

i ndication signal is_sent to the user vi.a PS 222. 10 PRCH
manager 402 al so deé)des aFketsire (n gﬂ'é’%@?@‘g%% to set up a new PRCH
or release an existizg Pméﬂﬁﬁeiﬁkﬁhgwwmmﬁwﬁmem&iéﬁ- I'n

t he case of "bot h PRCH setup and P rel ease, a step up or rel ease
request signal is sent t buffer). resource manager 404 which controls the

al | ocati on of systemres e : Resour ce manager 404

ei ther denies or grants ?Eék%"@a%@glfgmendi ng a setup request 15 gr ant
or a setug r equgsikg de iifeithatibg Setitaihied iﬁﬂﬁﬂma?eﬁmmwm&wwwal ease
request grant or release request denied signal to PRCH nanager 402.

Each PRCH cont r'8¢ fdllowimgss  406b, 406c and 406d supervises the traffic on
one PRCH of the cell. There is one PRCH controller for each PRCH
in a cell. Each PRCH control | er 406a, 406b, 406c and 406d receives
traffic information I9n t Mbe puket spe (in time)h¥iis calcwlated nsidgknomtedgeRYREth222 in a
packet report. The packeirg&%p%t i s eval uated by the PRCH traffic
supervi'sion function, 4144, X b, 414c or 414d, for the rel evant

PRCH. Thetg nformati @) cormhapasket defay] DeisRakiflaled aethe différénce btedrthé figede i f
new packet calls can be admtted to the PRCH t hrough the PRCH

adni ssion control functi & packet report was repsived aghthe tims thepacket 3as plapedinan

adm ssion request IS recegj : TRend rmation
contained in the packet ?gp%%%gﬁg@g(ﬁﬂﬁggédﬁmaggeégﬂ}p} tﬂﬁ%énﬂfnﬂ

PRCH congesti on control burwhendhe packetirepd b sent fm theirdwcolsdtack| (dt the used

Lo OXPel ket " SaShiniAS O b SSRGS or il SRS e 1
15 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
report for each packet call is stored for this purpose.

20 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 calis on the PRCH, and an estimate of the average packet delay (T) for all
packet calls on the PRCH. In alternatives of the embodiment, values of the Pi, Pchan
and T may be calculated for the uplink and downlink of a PRCH separately, or as

25 values for the combined uplink and downlink of the PRCH. The alternative used
depends on which type of value the system 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.

The estimate of average data traffic Piy may be updated by calculating Pi for

30 each new packet report (number N) of the packet call i as follows:



expel l ed indication signal is sent to the PRCH manager. The PRCH manager

t hen decides if the packet call should be tenporarily suspended or
det ached t hrough the 30 packet call expelled evaluation function 422.
Dependi ng on this decision, the users are informed by a packet
call suspend indi | on signal or a packet call detach

S 16040 wodbsak | PCT/SE96/013450

PCT/ SE96/ 01345 -14--

i ndi cation signal. Resour ce manager 404 controls the

al I ocation of systemresources for packetgy, radi o channels. The PRCH
manager 402 nmay request that a new PRCH be set up or rel eased by

sending a PRCH setup/rel ease request to resource nanager 404. The 5
PRCH manager 404 continuously nonitors %he j ze &, the adm ssion queue 420.
Wienever the total required estindtetfsa &Fé@’e"ﬂr&'gﬁ traffic of all packet

calls in the admi ssi on queue P[err] excee§s a linit P[err] PRCH set
for the adm ssion queue, a PRCH setup request is sent to the higher
I evel resource gperger 404. If Plerr] PRCHis set to zero, the PRCH

manager al ways requests nore resources-as soon as the existing
1

14 :5( :” )( 1 -a,,-,)

N-1

ay ; a,=0

The time constant t corresponds to the filter memory (correlation time).
X,
In the calculation of P, the contribution from a single packet[ —‘) is weighted

at,
by the factor.

ate ¥
5 where t; denotes the time elapsed since the last packet report for packet call aﬁd 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

Pchany,,, respectively, and packet reports from all packet calls on the PRCH would be
used in the calculations.

The estimate of the average packet delay (T,,) for the PRCH may be updated
by calculating T for each new packet report (number N) of the PRCH as follows:

T,=a, T, +(1-a,)D

15 where,

ay= 1 ; a,=0

N
1+e ° ( 1 —aN_')




10 PRCHs are full. As soon as the nunber of users attached to aPRCH i s

zero, a PRCH rel ease [equest is sent _tao.the res_gup_@e_ma.ger 404.
I 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 controlrré:q% 01345 -

of a cell ul awosraseamn such as the systemshown in FIG 1. T ua

i mpl ement ation 15 may be in either hardware or software, or in a

conbi nati on of hardware and software, operating in conjunction

W th one or nore processors. Processors and software for

I npl enenti ng these types of functions ar@3wel | known in the art.

Referring now to FIGS. 5A, 5B, 5C and 5D, therein are show, traffic flow
di agrans il lustrati file meronsant s gereasponds 19 thafillghmemary(eorelatiop imey o | oy
eval uation, 20 1 SSL.Q0: e BRTF ®¢eSS
steps, respectivel y?ﬁ@e%ﬁlcﬁ&mﬂiﬁg?&e&gﬁgﬁ%@ﬁin gg?&402 g??f)grh%ian@ to an
enbodi nent of tdhefapogsent i nvention. 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
i nternally generated adm ssion queue sigrdé#l or, a PRCH setup grant or

deni ed signal 25 or release grant or denied signal received from
resource nmanager 404. At Step 504 it is determned if a service

e . e LA SRR e M e A Sy e e
Sfiest P e pielb sepsgaamBeiee iy, et g memst e
of qSt ep 506 i nvol vesThessines PiPghsorand T may be used g ﬁ}egﬁ\b and E?rgtegggﬁ%%’g, 510,
512, 514, 516, 518 ARGcRLEFIGHCarthe/idnestiBA Waiifol 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
traffic 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 ). 1fno 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,
PP uaqy 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 diagram illustrating one
hardware embodiment of the 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 comprises a data packet time duration calculator 1006, elapsed time
calculator 1008, packet delay calculator 1010, average data traffic calculator 1012,
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eval uation is repeated for each PRCH controller 406a, 406b, 406c and 406d,
sequentially, until adm ssion to a PRCHis granted or no PRCHs remain. At
Step 508 manager 402 sends a PRCH admi ssion r one of
PRCH contr ol Fv&ygnaﬁﬁm 406a, 406b, 406c¢c or 406d. The proﬁ@%’ﬂ%ﬁs noves
to Step 510 as PRCH rmanager402 5 waits for a response. The PRCH
manager 402 periodically checks at Step 512 to det ermi ne whether a
response has been received from PRCH conpyol | ers 406a, 406b, 406¢
or 406d. If no response has been received, the process noves back to the

it ' ' d ' f S 2 t hat
ot esponse has Mgt Bibketdblay daleualif UL fatehe | 1 S inoner R D {101
or 406d, the PRCH aBiGs3illustrdtes the steps perfoimad b packel fdidalhel admisiont he

process noves to Step H14, where it 1S ) determned if the response
i s an adni ssi oﬁoﬁsﬂmwdﬂm‘ﬂgﬂbnt& flow dingram,of E1G. Jrwill be entered atyBtgpt , t he
service request j | et e . process
noves to Step ggg?ﬁ%hi‘%ﬁmd%&%?@oﬂl ?‘,zcdﬁmé’v&e'r?h%‘%"z?gg Lg%ge,nglﬂgd}iéﬁe
det er mi ned t hatinpubwas ssadovssionrequesht If an adrdissions requedtvas not repeived, thé traffic an

adm ssi on deni ed..r.esponse,_ .a he process nov to Step 516 where it
i s determ ned isg"?t’r?ggﬁ‘ﬁmlfpggt@iﬁroaﬁgﬁt %@ﬁ?gﬁmaf'ﬂbs? digting that
control I er to \MRCHIcongestion checlghoaldbe @ohe s besh-teseived Ml the!procs@ il n@{%i t vwas

not the last PRCH controller, the process noves 'to Step and

continues the Sizesthto $t§21§é§bf Elfh| % alfi howvepero ateStep 308, dt issleosined thatan  f or
the next PRCH ,iRGsRA" 6hdest WadYetived ik Poddetd wil R%vE So gtep%ﬁpwigr% the

r epeat ed
10 admission request is evaluated.
The PRCH admission control function 416 evaluates the PRCH admission

request by determining if the following is true:

Pave, 2P <Py 1EU(PE)

where, _
. Pue,, is the required estimated average data traffic for the new packet
15 callN. '
. 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,
where Priy, is the priority for the requested packet call N.
20 . Puy 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
traffic p,. Thus, a high priority packet call may be allowed to use the PRCH although

25 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
lower priority packet calls so that the total traffic will fall below the maximum
tolerable traffic P,,,.



20 until an adm ssion grant response is received from PRCH controller

406a, 406b, 406c¢ or 406d__or until all PRCH control | ers-have
deni ed adm ssion. Wen the service request eval uation process is
conpl eted the process noves to Step 522. At Step 522 it is
determned if an adm ssion grant response was received fro any
PRCH cont r ol We971680 an adni ssi on grant was received from a%@%’@%‘ﬁfrol l er,
t he 25 process noves to Step 524 where a service grant signal is sent
to the user via the NW 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 no adm ssion grant was r&¥ei ved from any PRCH
controller the procgss nmves t ’3&28 At Ste 52 PRCH manager, . 402
det er ni nes, usi ng t W&'B%‘??EFE ﬁ:?ndﬁla?ﬁ?" mgxigum o packet
cal] is to 30 g4e t h queue. It is determned to
put the packet cal @%QPRCWTM,&cE’BﬂﬂtﬁgYQS%I?gﬁPqueue 420 if the foll ow ng
criterion is fulfilled: WD 97/ 16040
PCT/ SE96/ 01345 Pear = L Py+aP - 16-
Pl[err](r§+P[err](r)<Plerr](r) i

AP = f (TyrT)

where f is a function having the same sign as its argument and T is the estimate of the

10 average packet delay that is calculated by PRCH traffic supervision function and }i:P‘
is the sum of the estimated average data traffic for all packet calls on the PRCH.

Because the PRCH controller traffic supervision function continuously

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

15 alternatives of the embodiment, the admission control evaluation can be performed

avey? 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.
After evaluating the PRCH admission request at Step 710, the process then

moves to Step 712. At Step 712 the results of Step 710 are checked. If a positive

using P

20 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
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

25 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
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

30 regain an acceptable average packet delay on the PRCH.

To evaluate congestion at Step 818 it is determined if T <T,,,. The congestion

determination may be made considering uplink and downlink T and T, values in



Plerr](r) is the required estimated average data traffic for the user as a
function of the service request r and P[err](r) is the requested
traffic of all packet calls in the adm ssion gueue of service
request type r. Plerr](r) is a neasure of the current size of the queue for
5 t he ser‘w)ggnwuest type. Plerr](r) is the maxi num al pgyfosiogsagest ed
traffic in the adm ssi on queue 420 as a function of the service
request. In alternatives of the enbodi ment, the conparison nay be
done using Plerr](r), Plerr](r) and P[err](r) values for the

upl i nks and downl i nks separately, or, USiE#Q val ues for the uplinks and
downl i nks conbined. It is possible to have a different Plerr] for

di ff t ot f ' . D7 L idi '
O b GBS g o oy EF B 0B 6 Wit o7
exanmpl e, when remmbindd. MWex, KF¥EEp 820, ithgresatndstt Step B areadhecked! 175 positive’ ) may

be set hi gher, than the value of Plerr](r) is set when_ requesting
access to a PRCisteryinatipn:was magde at Step 818, the;progess returns to the wait state of §tep 662 | ¢

det erm ned, at St 2 ‘peg;e h@t]Em'Ei i ' 2RCH 15
adm ssi on queue{ﬁlﬁﬁégb?ﬁél elf’ittalri'lt%ﬁ?’g p acg%}anﬁ?tﬁ%dgghﬁg’gﬂ%t%ﬂ’g%{ 420 and
t he proces$ moves torftepc822 wheeeypadhd call @r,cpacket ealls are s¢jectivelychosealfor s sent
to the user via N\l/xPS 22, 'Bm process next noves to Step 532
where a packet @S PePREH-cation signal is sent to the user
via the NWPS 308. TResws $05usket &M may be ehdséh fot Bpulith vy alEintiveihethdds

however, at Step 528, it is determned that the packet "call Is not to be

put in the PRCHABIngle packetgalimay beexpelled or, moge thaw operpackst sallmey be expelirdep 530
and a service dgni j is sent to the user. The process
t hen noves to Sﬁ%’%@g%@%B At Step 534 of FIG 5B,
it is detgynined i f Refpningaiowcwl FIG)8B;| thereini areliilhastrated process steps followed
received. If the input was not_a aog.lgﬁé:_call expel | ed j ndi cati?n, tll;lee
process npves &ccording 1o gn epboding fihe-jrpentign when a cet jepll jigsto T
determ ned at SLgRNESH atitRiby helRRAgBtior@ntroldinction. AtﬁépsiPdR%e_l'lmﬁm,pn was

received, the process noves to St e_? 536. At Step 536 a L.
admi ssi on r equeBacktbealt propasketcdally df mosk thanane| exists with the lowestmiozitn tare| | er

foquest pr ocessiispig NEn Rl sk bWtk ARG of Yfmof Rt Sk

546, 548 afd S5€all Whsideriified irsStep f26t 1€ d deerminatidn is made that onliR6i¢ packet cadl | er
4063, 406b. 406 0f 308, H0 bocesd o ESHo Yl D 53 B A RN b RSl dais

selected for expulsion. If, however, a determination is made that more than one packet

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
20 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.
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

25 and downlink.
As an example, one of the following parameters of the lowest priority packet

calls, could be selected for comparison:

i P.Ve
. Pi
30 . Pty

. APM'—'Pi'Pm“ﬁ).



30 PRCHs. At Step 538 PRCH nanager 402 sends a PRCH adm ssi on request
controller 406a_  406h 406c or 406d The process then

t o_PRCH

nmoves to Step
PCT/ SE96/ 01345
manager 402 wa

PRCH control |l e
noves back to

540 as PRCH WD 97/ 16040
-17-
its for a response. The PRCH manager 402 periodical hecks
at MY t 0 deterni ne whether a response has be%%%ﬁ'@ls\%d from
r 406. If no response has been received, the process
the wait state of Step 540. 1f, however, it is
t he

determ ned at
PRCH controll e
noves

adm ssion gran

Step 552. If,

Step 542 that .a response hg been received from 5
r to which the adm ssion r7 Z'U

def erm ned i

est has been sent, the process

an

t { 54 [ [ th i f
A Backer e 25l e 68 splsctsd bl Ehoctig i okt AT PGP IRE Tttt packet
cal | expelled QumkbRitieQBmPRES pathm&ersr, BRGmallest value ofih cohifared RERGerNOVES O

however, at Step 544, it is determned that the

response i s notependingondhe systeryoperator’sdesiges.an adni ssi on deni ed response and

ed re&éﬁ?g&rﬁﬁ?ﬁ%@fw&ﬁﬁﬁé §%§f}8%é&{r§]§@§%¢%¢3ﬁﬂ ol l er

t he-process 10
adm ssi on deni
to which gan ad

10

15

20

25

ey De@Rpélid uestime. Reféirihg now 16 FIG. 80, theitirbare illustrated process
steps followed according to an embodiment of the invention when more than one
packet call is to be expelled at one time by the congestion control function. At Step
834 a list of packet calls ordered from lowest priority to highest priority is created.
Next, at Step 836, an excess traffic value is calculated for the PRCH. The excess

traffic value may be calculated as follows:

&P = (T - Teon)

where f is a function having the same sign as its argument, T,,, equals the maximum
tolerable delay of the PRCH and T, equals 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,
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
where X P, is the sum of average data traffic of the selected packet calls and P is

the exc':;gs 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
expuision in random order or, as an alternative, in an order based on a comparison

using a select parameter associated with each of the packet calls as was described for



not the last PRCH controller, the process noves to Step 566 and repeats the
adm ssi on request process of Step 536 for the next PRCH The
packet call expelled eval uation of Step 536 is repeated until an
adm ssion grant response is received froma PRCH 15 controller or,

until all P rollers 406a, 406b, 406c and 406d have deni

adm ssi on. \?%(?ﬂg?@%a"“gacket call expelled eval uation process%%g?%%s?% S
conpl eted, the process noves to Step 552. At Step 552 it is
determned if an adm ssion grant response was received from any
PRCH controller during Step 536. If an ac_i.mt_ssi on grant was received froma
20 PRCH controller, the process noves to Step 554 where a packet call
updat e indicati . ignal is sent to the user via the NWPS 222.
From Step 554 t‘ﬁgeb%:?zo'gergg' 8rr%‘ves to Step 562 of FIG 5C |If,

however, at Step 552Afidr chositip! ket Rells fod ekpulsion €oirSthe PRCH &'Btep 822, the  Was
not received, the prgcess noves tQ Stgp 556. At Step 556 PRCH manager 402

det er ni nes, usiMECEHeR movesdp SiePFe4 gad senda p Packet callaxpelled indicatipn farjeach
expel | ed packet ' terd h ] 59 . The
P P of 4 chosenpacKet dalls Eéﬁh@men mmg%ér.s?g%’ﬁggégeg,ga Rl B4

sane adnmission criteria are use ed for
Step 528 & FI GratgAf Step 602 in FIQe6.c Upon dhe pext Siterpallybgenerated activation signsice t he

expel | ed packet, call i ﬁtsda_g admi.ssi,on, que 420, the .process noves to Step
560 and a packe‘f'&'f?%gars} iie) ﬂ?ﬁllfﬂ‘g??“%réf‘é?%@%“ﬁ"g? gheyj o
NW PS 222. The process will aghih @¢aiGdic doRgestion¥iethe PROR apidRpe? Gk RalGaliitt iR, OF
FIG 5C If, ho!\)/vever, iatgﬁi s 30 determi ned at Step 556 not  to place the

expel | ed packetif Begessarsiay t he adni ssi on queue _ 420, the process noves
to Step 558 and a Pagd&lingdv 0FiE AN meRH is 3 5dreRatd BB didgians fdktrating one

10 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. Selectorg'004 comprises a packet
call selector 1108, sum calculator 1106 for determining if X P,2aP, and an excess
data traffic calculator 1110 for determining aP. The congesitl:_-oln control function 418a

15 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
software, operating in conjunction with one or more processors.

Referring now to FIG. 9, therein is a flow diagram illustrating process steps

20 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
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

25 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
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

30 be set up. Ifit is determined that a new PRCH niay be set up, the process moves to
Step 916 where a PRCH setup grant is sent to PRCH manager 402. Next, at Step 918,
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to the user via NWPS 222. The process then noves fromstep 558 to Step 562
of FIG 5C. At Step 562 of FIG 5Cit is deternmned

i f an adm ssion queue signal was received. If an aW_eue
si gnal was nso97a6@ved, the process noves to Step 5 5 5D.

| f, however, it is determ ned that an adm ssion queue signal was
received, the process noves to Step 563. At Step 563 it is determned if
any packet . calls are in the PRCH adm ssion queue. If no packet
calls are in the PRCH adm ssion '&ﬁ'eue 420 ofthe cell, the process
noves to the wait state of Step 502 in FLG 5A At St 502 t he
process wil| wdheresourceaenpgenallocates resoyiaggfpsa new PRCH. &&%S&Wﬂ%‘ggt’m%p 563

10 that the P L, Sl ' Eldefeithingd thaf e Pr OCESS
noves to Step ﬁg%ﬁ&%ﬁ%ﬁgﬁ%éﬁ%&%@%ﬁ\%‘g#oner eql?est fo? t he
packet call hagemg réquestaivaiastion indicates thatra rewi PRCHmayimot beiset up.itbeprgeassie 420
is sent to PRCH control |l er 406a,.4Q6b, 406¢ .qor 406d ram PRCH
manager 402, movesto s(%‘31’914"ﬁ‘“Pn"e" ‘?ﬁ‘?"f’éﬁﬁ&&'ﬁ’ P&%E’E&“gﬁff“@t PB4

i nvol ves §t eps §66914388proBckd ret@hto tdwait stafe 6 SREG0AND 578. Step 564 is
repeated for each P controller, 406a, 406b, 406c : or 406d, until

admi ssion to a PRCHIf the inpatisddtenninedinetite beia RREH: sstvpireancs abbtep 80 itds ad
. e o g e
noves to Step Higp HAS the PRCH releasi¥etuiestis aguatedO Thewrdsdurcé managerrevalpatesthe The
SRR A R X R T T RN N
gg 8.r esponge hasydif &R ovEalk syskan p&iﬁ@oﬂi&\ﬁe For SRMbTe, BRafiCload 8n PRCHsDFAL € 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
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
15 402. 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
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.
20 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 PRCHSs of a cellular telecommunications system. The system
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
25 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 priorities
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
30 call and the priority of the packet call, a system operator can be assured that PRCH
users are not subject to unacceptable PRCH delays.



If, however, it is determned at Step 570 that a response has been received

fromthe PRCH controller to which the adm ssion request had been
sent the process noves to Step 572, where it is determned if the
response is an adm ssion grant. If the response 25 is an adm ssion
grant, the adghe%hdlg ' €duest process ends at Step 578 and t }gﬁgg,‘(ﬁ .
noves to Step 586. If, however, at Step 572, it is determned that the
response i s not an adm ssion grant, it is an adm ssion denied
response, and the process noves to Step 574 where it is determ ned
if the admi ssion denied response was senfzg.romthe |ast PRCH
controller to which an adm ssion request could be sent. 30 | f

it vas not the |ast RRGi6RNbanh SheraldiindEORERRIITH R e FRaRARANd

repeats the adm ssion request process of Step 564 for the next . The
admi ssi on be apparent ﬁdﬂﬂl@?&@dﬁﬁ description and, while the invention shown and
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request eval uat PEFTRsd kereip hag bern deseribed 23 3, partipular, embodiment,, ghagges,gnd
response is modificatioR€ Ry BSmbdeherain MRGbLt fr6th t'spiritiidd Scop¥ df tieRCH
controllers 406a, 406b, 406¢c_ and . . 406d have denied adm'ssion. Wen
t he admi ss? on r Biyention apdefined in the followingelaimss



conpl eted the process noves to Step 586: 5 At Step 580 it is
determned if an admi-sston™ grant I esponse—was—ecei-vedfrom any-

PRCH controller in Step “m ssion grant response was received
from a PRCH c \‘\ ﬂ cket call having a highest priority

I n the adm ssion eue M20 is renoved fromthe qu e
process nove¥oi9%31 %p 582 Wnere a packet call resg’#e‘isri% %:%tron
signal is sent to the user via the NWPS 222. FrOTn—S‘rep—ESZ—rhe—le—
process noves to Step 584 of FIG 5D. If, however

determ ned t hat an adm ssion grgp_t was: no Sﬁes?ﬁas%m‘ ﬂ‘éedprocess

noves directly to Step 584 of FIG 5D. ¢ At Step 584

of FIG 5D it r f .2 PRCH setup grant

fromresource mgtels bl§ PRCH setup grant was received fromresource
15 .  manager 402, ;the mraqae&mm&ﬁomy&moﬁ%sagdt ledxeordPatketpianger
creates a new PRCH controller. Next, the process noves to Step

592. |If, howevehqnnaltar@taepluabw of} transceiving stations, eash of saif sanscpixing statine

rel ease grant was 88
where it is def"‘g’la Eﬁ‘gﬁ‘mg%dﬁr%%@gﬁgﬁ‘& l\?/\&rag& lir)‘("a()?‘l ?Qmﬁa %“6%" 3f§our ce
manager 402. | Hata gabkets ertthepatoleasttonegscket aadiv aliantehca method of connalling 0 St ep

590 20 where the P na er deal | pcat es .resources frqoqm the PRCH
control l er for W@Wﬂm ¢ at least %a%égquﬁ@dscgwpnmp&% stepte
process noves {@ Step 592. If, however at Step 588, it is

determ ned that a PRCH setup grant was not received, the process

moves directly to Step mﬂnﬂﬂﬂgWhemerwngeﬂonmve@eamwmm@mced
traffic for all packlet gal s in the adm ssion queue are 25 eval uat ed.
Next, at Step 594, | determned if a new PRCHis required. If the total

required esti mated mtmodﬁtaaﬁnmmvaﬂeminaﬁm;ket calls in the
adm ssion queue P[err] exceeds a limt [errd PRCH set for the

admi ssi on queue, a new Filtectiyely expelling-et lgast one packet cal ﬁ@“ﬁh“oﬁ‘e‘%‘tﬁﬁ/es to

Step 596. In altern hgng enbodi nent, the conparison of
Plerr] and P[err] P%h&%dﬂ one using a P[err] and P[err] PRCH val ue for

the uplinks and 30 dovvnl i nks separately, or, using P[err] and P[err]
PRCH val ues for the,upli Sy . f the cell c | ned. At
DRCH val ueo, 01, {heauo! | HSediid 12 B i apof el SRV

step of determining whether an average packet delay on an uplink of the at least one

packet radio channel is greater than a predetermined delay level.

3. The method of claim 1 in which said step of determining comprises the
step of determining whether an average packet delay on a downlink of the at least one
packet radio channel is greater than a predetermined delay level.

4. The method of claim 1 in which said step of determining comprises the
step of determining whether an average packet delay for the combined downlink and
uplink of the at last one packet radio channel is greater than a predetermined delay

level.

5. The method of claim 1 in which said at least one packet call comprises

a plurality of packet calls, each being assigned a priority, and said step of selectively
expelling comprises: |

selecting a packet call having a lowest assigned priority from said

plurality of packet calls on the at least one packet radio channel; and

THIS SHEET HAS BEEN
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404. From St ep 596 the pr “‘lwmlua‘“ “m m\the wait state of Step 502. If,
however, Step 594 Ft ts "et®er mi ned that a new PRCH i s not
requi red gvooﬁﬁ S noves to Step 597, sanaciiagSt €D
597 the nunb @cket calls on each PRCH is eval uat ed Next, at 5
Step 598, it is determined if any PRCH exists t haffhi as Been Ry wgdany
packet calls. If it is determ ned t hat no

|ng any
packet calls exists, the process returns FIG. 5A.
I f, however, at Step 598 it is deternine that dne or nore

exist that are not Carryi,,@%i?@%ﬂtseﬁ E&?ck&f&llﬂfdﬂ?ﬁ:%%tﬁ%f%ﬁe &ke??rﬁﬁcaﬁgg

wher e a PRCH rel éase request sent to resource age 4 for
each PRCH not car rychapndlO any packet call. From Step 599 the process
-returns to the wait state of Step 502 of FI G 5A

Referring nowto FIGS. 6, 7 and 8A-8C, therein are illustrated fl ow

di agrams . SgOW NFhShRBRA! T dies! i Whihcsid Repiof Sdlécting lcBprid 62,
406b, 406c or 406d, for the
selecung a packet call having a lowest assigned priority from a group of packet calls
having said lowest assigned priority, said selection being based upon a data traffic
parameter value assigned to each of said plurality of packet calls on the packet radio

channel.

7. The method of claim 1 in which said at least one packet call comprises
a plurality of packet calls, each associated with a calculated average data traffic and
a required maximum data traffic value, and said step of selectively expelling
comprises:

(a) calculating an excess data traffic value for the at least one
packet radio channel;

{b) selecting a packet call from said plurality of packet calls;

{c)  repeating step (b) until the sum of average data traffic
associated with said selected packet calls is greater than or equal to said excess
data traffic value; and

(d)  expelling said selected packet calls selected in step (b) from the
at least one packet radio channel.

8. The method of claim 7 in which said excess data traffic value, each
calculated average data traffic value, and each required maximum data traffic value is
associated with an uplink of the at least one packet radio channel and, said step of
determining comprises the step of determining whether an average packet delay on

said uplink is greater than a predetermined delay level.

9. The method of claim 7 in which said said excess data traffic value, each
calculated average data traffic value, and each required maximum data traffic value is
associated with an downlink of the at least one packet radio channel and, said step of

| THIS SHEET Fas BEEN ]
REPLACED




PRCH traffic supervision, PRCH adm ssion—eentrol and PRCH congesti on
cantrol 15 processes_ respectively, according.to. an enbodinent of the

D o oo v o dat4|llllll ||I lll!l!llil“f“ 0% average packel delay and,

al so receive_adni ssion request \Wen i.ni‘I_i ally
activated updYP¥8&MOving an i nput from PRCH manager 402, the

process is in the wait state of Step 602 of FIG, G"hlsBﬂuetlmszEbntRIa acé@i t State
of Step 602, 20 each PRCH control | er 406a, 406 d may
receive an i nput in the form of packet NW PS
222, an adm ssi on request from PRCH nanagér an rtnternally
generated acti an. Si . i ndicati a PRCH C estion c ck :
shoul d be done\é ‘f)'(')' '?é%%feﬁ@“a q@genflwglgp‘?"be%ée '5‘3%?'%4 wher e
it is sﬁ&ﬂﬁhﬂiﬂ&dgﬁﬁteﬂhﬁ%ﬁﬁ&et&rﬁ@ﬂ&ﬂtdew&e\feﬁcel ved. If it is

determ ned that a packet report was 25 not received, the process noves
directly to Step 708 of FIG 7. If, however, at Step 604, it is

determ ned that a pggket . rocess will, mve to Step
606 where the PRCH ?&af f?ﬂcqg%%%dré\‘/&g%{n unc@gl’l sg’&?ﬁ&ﬁsp%gﬂtéﬁﬂ}ﬁ’i h
statistics for cilauated averagedataﬂﬁwame, il @dch reqeirdd mdimem dita trafficivilue & ©

updat ed using infar n cont.ai,ned in th ] acket report. Each
packet report E‘FHE %WM‘H‘F@LP%FB& Hakink,pf thg@Pleast one packet radior )
Transnitting ”Eﬁunhéldﬂa%ndﬁ@rﬁf'déﬁnﬁxﬂﬁ) Fise's i WP dfidbtefnilin e
I dentity for : WO 97/ 1%040B EWE&C%
PCT/ SE96/ 01345average packet delay for said combined downlink and uplink is greater than a

predetermined delay level.

11.  The method of claim 7 in which each of said packet calls is assigned
a priority and in which said step of selecting comprises selecting a packet having a
lowest assigned priority from said plurality of packet calls.

12. The method of claim 11 in which said step of selecting comprises
selecting a packet call having a lowest assigned priority from a group of packet calls
having said lowest assigned priority, said selection being based upon a data traffic
parameter value assigned to each of said packet calls on the at least one packet radio

channel,

13.  In atelecommunications system comprising at least one packet radio
channel and a plurality of transceiving stations, each of said transceiving stations
capable of transmitting or receiving at least one packet call comprising a plurality (;f
data packets on the at least one packet radio channel, a method of controlling
congestion on the at least one packet radio channel, said method comprising the steps
of:

admitting a first packet call to the at least one packet radio channel;
determining whether congestion exists on the at least one packet radio
channel;
and, in response to an affirmative determination;

selectively expelling at least one second packet call from the at least

TTRIS SHEET HAS BEEN }
REPLACED




-21- 2) Wﬁ‘ﬁer of frames)
3) Time stanp (indicatim en the packet was placed in the transm ssion
buf fer). 4) “Wmﬂmm\‘ L or DL). 5 Usi ng t he
* ¢ 1}
h

i nformati on contained in the“‘ \ siie’ PRCH control | er cal cul ates
the fol | oW Ngue g9 " The packet size (i npéi/gEeo134s- i S

cal cul at ed usi ng k%w edge about the e Frame size. 10
2) The packet delay, D, is calculated as the difference betweel

t he packet report was received and the tine the packefhi et
the transm ssion buffer (as indicated bysjghe tinme sta i
on when the packet report is sent fromtae pr ot ocol st

begi nning of the tr Bt irillilo Hanfdit €r transm ssion conpletion), the 15
calculated delay is a'csﬁ usted so that it corresponds to the tine el apsed

at transm ssion compd.et i bwa telecommunications systenggomprisiniget leastonepacketaatio [ err]t,
since the previpus packet, report. W th .he sanme . .. .

packet identif F&m\eg %B’I"@& 0 ige 5?3?@6: gch.qf spid rapsesiving fations | o
report for eackagallofiraslitting or febdiviap af lesst bid Sackét/'cRIP Séinpridthg a plurality of X,

D and [err]t are then used to cal culate an estimate of average da?'.a traffic
(Pi) flata paskets ioncthe iatileast onecrasketcradio chanpel: 3 method 3f copbellige dat a

of 't he' aver age ARG onhe ot ras oneREF i Blahe, Wi epfertiit mBilihe? 05 01 ©
In alternatives ofthe enbcatigestion deteradiner $oraletetrhiningi whelhzheongestion exists on '
the at least one packet radio channel; and
a selector, responsive to an affirmative determination made by said
congestion determiner, for selectively expelling at least one second packet call
from the at least one packet radio channel.

15. The apparatus of claim 14 in which said congestion determiner
comprises means for determining whether a calculated average packet delay on an
uplink of the at least one packet radio channel is greater than a predetermined delay

level.

16.  The apparatus of claim 14 in which said congestion determiner
comprises means for determining whether a calculated average packet delay on a
downlink of the at least one packet radio channel is greater than a predetermined delay

level.

17.  The apparatus of claim 14 in which said congestion determiner
comprises means for determining whether a calculated average packet delay for the
combined downlink and uplink of the at least one packet radio channel is greater than

a predetermined delay level.

18.  The apparatus of claim 14 in which said at least one packet call
comprises a plurality of packet calls, each being assigned a priority, and said selector
comprises:

a packet call selector for selecting a packet call having a lowest

TTHIS SHEET HAS BEEN }
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and T may be cal cul ated for the uplink and downlink of a PRCH separately,
or_as 25 val ues for the,J;anng_ned—takpl—l—nk—ﬂﬁd_dmle_nk.-of the PRCH. The

alternative used epends on which type of value the system
operator needs for ot her funjl““lﬁ“l“l“ﬂ lj!“ il whet her ot her functions
in the system are using valu and downl i nk ]
separately oWONMMhk and dowdl i fk ¢conbi ned. PCT’?ﬁgemgs‘Fi mat e
of average data traffic Pi[err] may be updated by calculating Pi for 30
each new packet report (nunber N) of the packet call i as follows:
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Piferr]=[err] assigned %%%eﬁom said packet calls on the at least one packet radio channel

and, further, said selector generating a signal, said signal indicating to said
system that said selected lowest priority packet call is selected for expulsion
from said packet radio channel.

19.  The apparatus of claim 14 in which said at least one packet call
comprises a plurality of packet calls, each associated with a calculated average data
traffic value and a required maximum data traffic value, and said selector comprises:

a calculator for calculating an excess data traffic value for the at least
one packet radio channel;

a packet call selector for selecting a packet call from said plurality of
packet calls and assigning said selected packet call to a group of packet calls,
until the sum of calculated average data traffic values of said group of packet
calls is equal to or greater than said excess data traffic value, and generating
a signal, said signal indicating to said system that said selected packet calls are
selected for expulsion.

20.  Theapparatus of claim 19 in which each of said plurality of packet calls
is further assigned a priority, and in which said packet call selector selects said packet

call from packet calls having a lowest assigned priority of packet calls on said packet
radio channel.
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[err]=[err] The tinme constant [err] corresponds to the

filter nmenory (correlation fjne) ln the cal culation of Pi

the contribution froma single packet [err] is weighted by the
factor. [err] 5 wher e
t[err] denotes the tinme el apsed since the | ast packet report for packet _
cal | | andwionbkoso denotes the tine el apsed betweenrgrstssdiIdeport |- |
and j. This particular weighting factor gives ol der sanples |ess

wei ght than newer sanples and proportions the weight to the tine
period [err] associated with the sanple. The equati ons shown
above for Pi calculation nmay al so be used/t® cal cul ate 10 Pchan. In

this case, the variable Pi[err] and Pi[err] would be replaced by PchanN and
Pchan[err], respectively, and packet reports fromall packet calls on the
PRCH woul d be used in the cal cul ati ons. . The estimate
of the average packet delay (T[err]) for the PRCH nay be updated by
calculating T for each new packet report (nunber N) of the PRCH as foll ows:
Tlerr]=[err] 15 wher e,

FIG.1
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The tinme constant [err] corresponds to the filter nenory (correl ation
tinme). In the calculation of T the contribution froma
singl e packet- (T) is weighted by the factor: _ )
[err] woor1eesdhere t[err] denotes the tine el apsed sirocHSH&R3IRSt
packet report received on the PRCH 5 This particular weighting factor
gi ves ol der sanples | ess weight than newer sanpl es.
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The values Pi, Pchan and T may be used at Step 608 and for the adm ssion
control process (FIG 7), and the congestion control process (FIG 8).
After updating the traffic statistics at Step 606, the process noves to
Step 608. : At Step 608 it is determned if the excess
traffic nonitor function is active. If 10 a determ nation is made that
t he excess voafieedp nNoni tor function is not active, the PCT/SE96/(1343CESS
noves 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

i s determ ned i f any packet cal) exi sts on the PRCH neeting the
condition, Plerr]>P[err]. If no packet calls exist on the PRCH
with Plerr]>P[err], the process nov Ste 08 of FIG 7. If, 15
however, at Step 610, it is determ at et call(s) exist neeting

t he conditi on, Plerr]>P[err], the process noves to Step 612. At
Step 612 the packet call orpggacket calls W th rr]>Plerr]) are

expel ' ed fromghe and_a packet _call expelled indication is sent
to the PRCH mff3 408M ndifcat IP8) ch packet} cal p§
expel | ed. The procgss then npgqg to Stlep 708 of [FIG 7. ap24
alternative to expglling thq 20 packe t he PRCH\M%BI _
Plerr]>P[err], the}] systemcquld send repgest fto the us

a hi gher t call.

change priority orjincreasefits trafffc requir
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aver age packet delay cal cul ator 1014, database 1016, and excess traffic
nonitor 1018. FIG 7 illustrates the steps perforned by
packet radio channel adm ssion control function ofthe invention.
The flow dingswaeesdf FIG 7 will be entered at Step PCT/SEM6/01345m St eps

604, 608, 610 or 612 of FIG 6. At Step 708 it is determned if the 5

I nput was an admi ssion request. |If an adm ssions request was not received,
the traffic statistics have be 1gpdated or an internally
generated activation signal indicating tha PRCH congesti on check
shoul d be done has been received, aF(lGe %gcess will nove

directly to Step 818 of FIG 8. If er “rat Step 708, it is determ ned
that an adni ssi on request was received, the process will nove to

Step 710 where the 10 WUH—W uat ed. -
The PRCH adni ssion control funtBCHMANAGER uat es {he PRCH admi ssion
request by determining if|th ol 'owmnglis true:
[err] wher e, Packet call [err] Plerr] is the required
estimated average data traff c expelledhe hew packet
evaluation
Service Request 42
> Setup / Resource
- Service release Manager
Service request jrequest
granted / denied evaluation
|_——&E
Admission ]
queue admission
handling queue | fe&———
410 Request
granted /
- 420 -
packet call PRCH L=<l denied 404
sus::tnd / detach management —
up indi Ja':::me 412 402| 2dmission granted / denied
PRCH admission request
NW/PS i
222 _ Yy
v -
4
PRCH CONTROLLER -
PRCH
traffic
supervision
‘ 414a
Pa —
cket Report ﬁ pn_cu >l
admission
t:untl'o‘{16 >
———_"‘—Ej ﬁ
| A
g oo
on
406/_ N control \ 406c
(e 418s] | Taoeb




15 call N. [err] Plerr] is the
estimated average data traffic on the PRCH from packet call .

= [err] U (pri) are the packet calls with priorities
hi gher than or equal to Pri, where Pri[err] is the
priority for the requested packet call N 20 [err] Plerr]
Is the m mm erable data traffic on the PRCH. PCT/SES6/01345 The

above equation 1s 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 traffyg required for the new packet
call is less than the nmaxi mumtol erabl e traffic p[err] Thus, a
~high priority peFli a may be ousethe PRCH al t hough 25
the total traffi 2‘151 gaII =t ess of priority)

In that case the
| ower priority
fall bel ow t he naxi mrum

exceeds the maxi mum t ol er abl
congestion control function502
packet calls so that the total tr¥
tolerable traffic Plerr].
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The maximumtol erable traffic p[err] is associated with a maxi numtol erable

delay on the PRCH, T[err] according.to the relation: —

PferTI=[err] 5 [err]P =

(T[err] T where f is a function having the sane sign as its

argunent and T is the estimate of the 10 average packet delay that is
- cal cul at eudynfeieH traffic supervision function and [ er PFT/SES601 is the

sum of the estimated average data traffic for all packet calls on the PRCH
Because the PRCH controller traffic supervision function continuously
monitors T, Plerr] is continuously updgygg according to the above
equations. Plerr] wll correspond to the traffic |level that
results in the n1E tsgLEEE?rable delay Tlerr]. In 15 alternatives of

t he enmbodi nent, t J on con ation can be perforned

using Plerr], Plerr], Plerr] and ues for the uplink and downl i nk
of "'the PRCH separately, sing values for the conbi ned uplink
and downl i nk of the PRCH. After evaluating the PRCH

admi ssion request at Step534 noves to Step 712.
At Step 712 the results of

determnation in the eval €ti % 2; v,nﬁhe pr Q¥ pt ep 714
where an adm ssi onwgant RE%EWE"“) PDRCH manaee f a
negative determ nati on was nmade | p#The eval uation, the process

moves to Step 716 where an adm ssidoRdea’ed is sent to t he PRCH
manager 402. After the PRCH adnlsS|on PES function 416 sends an
admi ssion grant or deni%36 at - respectively, the grocess

t hen noves to 25 St ep™8
: / 3 /'
SEND PRCH
s52 ADMISSION
REQUEST TO PRCH
GRANT BY ANY CONTROLLER
554 PRCH =
_CONTROLLER
- 2
UPDATE II\IDICATION :
TO USER
( Fege ) RESPONSE
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?
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: SUSPEND INDICATION YES
TO USER

560~//

GOTO 2
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At Step 818 the PRCH congestion control function 418 eval uates congestion

0 tar, . T—and the
esti mat ed aver age packet delay, T, on the PRCH are used to detect
a congestion situation, i.e. when it is necessary to expel one or
nore packet calls fromthe PRCH in order to 30 regai n an acceptable
aver age pack@ymmedoay on t he PRCH. To evaInGtGEmmngﬁstlon at

Step 818 it is determined ifT < T[err]. The congestion

determ nati on may be nade considering uplink and downlink T and T[err]
val ues in WO 97/ 16040 7/15 .

PCT/ SE96/ 01345 - 26-

separate determ nations, or and T[err] v f5 he uplink and

downl i nk conbi ned. Step 820, the Step 818 are
checked. If a positive get€r m nati on was nade at Step 818, the
process returns to thBeRETT.E at- Qf Step 602 in FIG 6. If,
however, a negative det- ; Sade at Step 818, the process 5
noves to Step 822, NG o s are selectively
chosen for
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At Step 822 packet calls may be chosen for expulsion by alternative

nmet hods. A singl e packet call may be expelled—or, -nore—tham one
packetr—calri nmay be expelled fromthe PRCH at a tine. 10

Referring nowto FIG 8B, therein are illustrated process steps followed
according to an enbodi nent of the invention when a single packet call is to
be led at a time by the congestion control ES6/08345 At St ep
826 the |l owest priority packet call or packet calls, if nore than
one exists with the |l owest priority, are identified. Next, at Step
828 it is determned if only one or, ifgmgre than one packet 15 cal |

was identified in Step 826. |If a determnation is nmade that only one packet

cal | was i dent e process nﬁ p 830 and the single
sel ected Ge'x ion. If, however, a

i dentified packet call
or e t hagggne packet call having the

determnation is made that
| owest priority was idep#Tties the process noves to Step 832. At Step

PRCH. The 20

al | ||Q°St ep 832 may be done by
alternative

eRQOds . g pe-Tgndonl y chosen fromthe

I dentified packe al 588on a

conmpari son using a sekgCct marang . Qf the packet

cal | s. Dependi nd S oerkS ‘ t he sel ected
paraneter may b586 - - s ! sl QWNIDI nk
separately or, fQuj ' ‘

As an exanpl e, one

packet w call s, c&NJTBthE%Ge*Ige
[err] Plerr] . et
Plerr] [err] [err]

[err]
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A packet call could then be sel ected by choosing the packet call having the
| ar gest val ue of the conpared paraneter or, the snallest val ue of
t he conpared paraneter, depending on the systemoperator's
desires. wo 916040 As an alternative nethod of per POTREWPINScp 822,
nore than one packet call 5. may be expelled at a tinme. Referring now
to FIG 8C, therein are illustrated process steps foll owed
according to an enbodi ment of the inventi?n when nore than one

packet call is to be expelled at one ti s 5-by t he congestion control
function. At Ste 834 a list of packet calls ordered from | owest
priority to hﬁét iority is created. Next, at Step 836, an
excess traffic varde is cal cul TaRT '€ PRCH. The excess 10 traffic

val ue may be cal cul ated as foll :

[err] '
602 __ | ( c )

PACKET
REPORT

RECEIVED
o
YES
606
UPDATE TRAFFIC
STATISTICS /

608

SURVEILLANCE
FUNCTION
ACTIVE
- ?

61

ANY PACKET
CALLS WITH
Pi > Pmaxli}
?

612 -
4 EXPELL PACKET
CALLS WITH
Pi > Pmax(i)

GOTO A
FIG.7




where f is a function having the sane sign as its argunment, T[err] equals

t he maxi num 15 tolerable delay of the PRCH and Tlerr] equals-the
threshol d as defi ned above. Dependi ng on the alternative used at
Step 818, [err] P may be cal cul ated and checked for the uplink and.

downl i nk separately, considering uplink and downlink values of T[err]
and T[err] wasorneadecul at ed and checked for the uplink and H#CWSE960E34Sonbi ned

using T[err] and T[err] values for the uplink and downli nk

conbi ned. From Step 836 the process 20 noves to Step 838. At Step 838
packet calls are selected fromthe |ist éﬁatEd in Step 834, in
order of ascending priority by repeatin eps 840 to 846, until the

follow ng equatlonls sati sfied:

N @1 where [err] is the sumof average data
traffic of the sele t acket calls and [err]P is t he excess data

traffic as calculated in Step 836. If nore than one packet call exists 25
having the lowest priority, the |owest priority packet calls nay be
sel ected for expul sier andom order or, as an alternative, in

an order based on a conpari m using a sel ect paraneter associ ated
with each of the packet cal | S=as-was’descri bed for
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GOTO B GOTO B
FIG.8 FIG.8
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Step 832 in FIG 8B. After choosi ng packet calls for

expul sion fromthe PRCH at Step 822, the process then noves to St ep
824 and sends a packet call expelled i ndi cation for each of the
chosen pack@ferfigdbsS t0 the PRCH nanager. The process thenPCHSE®MES4S 0 t he
wait 5 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 packet report, the process will again evaluate
congestion on the PRCH and expel addit1¥#al packet calls, i f
necessary. - Referring nowto FIG 11, therein is a schematic
bl ock diagramillustrating one 10 har dwar e enbodi nent of the packet
congestion control function 418a of FIG 4. In ‘t he enmbodi nent shown
in FIG 11, the congestion control function conprises a congesti on
determ ner 1102 and a sel ect f!gmﬁﬁ ector 1004 conprises a packet

call selector 1108, sumcalc 6*for determning if [err] , and an
excess data traffic calculator 1110 for determning [err]P. The
congestion control function 41 8a 15 interfaces with PRCH dat abase
1016. The enbodi ment shown in a representative
enbodiment It is well known i hat functions of this type may

be inplenented in either hardware Or software or in a conbination of

har dwar e or sof t ye < B c®PBunction with one or nore
processors. REEW\LIMQTEIOW o FIG 9, thereinis a flow
diagramillustrating procdgss GGM&E&DON ol | owed by the resource manager
function according to an e

822

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

< GOTO C ’



I nvention. The resource nmanager process is in the wait state of Step 902

when an input is received fromthe PRCH. manager—4682—TFhe i nput may
be—a—PREH-setup request or a PRCH rel ease request. Upon receivVing
an input, the process noves to Step 904. At Step 904 it is
determined if the input is a PRCH setup request. If the 25 I nput- is a
PRCH setug re@mt, the process noves to Step 906. PCT/SE96/01345 At Step
906 the P _ p request is evaluated. The resource manager

eval uates the setup request by determining if adequate resources exi st
within the cell to allow a ne%ﬂgCH to be set up. From Step 906
the process noves to Step 910. At Step 910 it is determned if the
setup request evaluation indicates a new PRCH may 30 be set up. If it

is determ ned that a new PRCH may be set up, the pr@ce

Step 916 where a PRCH setup grant is sent to PRCH rﬁna erm402.
Step 918, WO 97/ 16040 i
PCT/ SE96/ 01345 =<
the resource manager allocates resources for a new PRCH. gr m
process returns to the wait state of Step=06z=ilf Eﬁow
910 it is determ ned that the setup requpst evdl udtgon]i
that a new PRCH may not be set up, the process 0o
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noves to Step 914 where a PRCH setup denied is sent to PRCH manager 402.
From 5 Step 914 the process returns to the wait state of Step 902.

IT the input is determ ned not to be a PRCH setup request at Step 904, it
s a PRCH rel ease request. In this case the process noves from
Step 904 to Step 912. At Step 912 the PRCH rel ease request is

eval uat ed. JBe74depur ce manager eval uates the PR®CTISENG21345 I equest
by determ ning whether it is acceptable to release the PRCH 10 from an
overall system point of view For exanple, the traffic |oad on PRCHs of
surrounding cells could be taken into account. From Step 912 the process

nmoves to Step 920. At Step 92013A15i s deternmined if the PRCH

rel ease reqguest eval uation i ndicates a PRCH may be released. If it
is determ ned that the PRCH may be rel eased, the process noves to
Step 922 where a PRCH rel eage—gtanl is sent to PRCFE]EEQ 15 402.
Next, at Step 926, the resqurSEARRNJger rel eases t ™ From Step 926

t he process retur ny=tee=tke” vai t state of—stem 902. If, however, at
Step 920, it is deter n ed e PRCH quest eval uation

i ndi cates that the PREINE el eased, = process noves to
Step 924 where a PRCH rel eagdeniotl i s sent to PRCH nanager 402.

From Step 924 the process returjns to Liggpgwait state at Step 902. 20

As can be seen fromthe abogye i/ption, the nethod and system of the

I nvention can be used R =&at or to nmanage packet traffic for
prioritized o PRCMO of "a cel I ul ar

t el econmuni cations s opef ator can set a maxi mum

average tine delay for t \ users can be prioritized
according to a level of servitesSubscribed to or g priority could be

assi gned 25 automatically g \’Eﬁnosen 996t he usey dependi ng on the type
of call being nade. A s=hglity | evel may incur a higher
charge rate for using]thBV AFE P he hi gher rate allows
the user to be priori}izSETHIP HEQ 'Er ses havi n | oTeT932 orities

in congestion situati® 2 Y Lhe em By naki ng
packet traffic nmanage nt deC| Si ngmprm eptinmated data

traffic required BYO
call, a systemo at or
subject to unacc@a :

914"\

SEND PRCH SET-UP
DENIED TO PRCH

cal | REKEASEREQUEST Y} of t he packet
hi DD ukers are not

PRCH RELEASE
GRANT
?

MANAGER
SEND PRCH SET-UP ] | Oanrb b ELESE
GRANT TO PRCH MANAGER 924
MANAGER — v [
922 SEND PRCH RELEASE
( GOTO D ) 018 DENIED TO PRCH
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ALLOCATES
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PRCH
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IT 1S beliTeved that the operation and construction of the present invention

wil | be apparent fromthe foregoing description and, while the

I nvention shown and descri bed herein has been described as a

particular“ﬁﬂﬁﬂ lJgENt, changes and nmodi ficati ons nxyI/$E96013d® t herein

wi t hout departing fromthe spirit and scope of the 5 invention as defined

in the foll ow ng clains. 31
14/15
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WHAT IS CLAIMED | S 1. In a tel ecommuni cati ons system
conprising at |east one packet 5 _radio channel _and a plurality—ef
transceiving statlions, each of said transceiving stations capabl e of
transmtting or receiving at |east one packet call conprising a
plurality of data packets on the at |east one packet radio channel, a
nmet hod Q%f?%”%&t rolling congestion on the at | east onePOWSE®I0134&di O

channel , hod conprising the steps of: 10 :
determ ni ng whet her congestion exists on the at |east one " packet
radi o channel ; and, in response to an affirmative determ nati on;
cal cul ating excess data traffic w thifpmbe at | east one packet
radi o channel ; 15 selecting at | east one packet calls
on the at | east one packet radi o channel having a | owest
assigned priority until a sum of average data traffic associ ated
with said sel ected packet calls is greater than or equal to said
excess data traffic; and expel ling said selected
packet calls fromthe at |east one 20 packet radi o channel once the
sum of average data traffic associ ated lG_'I 1 with said sel ected packet
calls is greater than or equal to said excess data traffic.
2. The nethod of claim1 in which said step of determ ning 25 conprises
the step 488et er ni ni RYSAEMEIGHALayer age packet delay on an upl i nk
of the at | &ast one packet rddi o channel is great er/t-hfm]@ pr edet er m ned
r | -
| | —s PRCH
CONGESTION
' DETERMINER DATABASE
: (T < Tcon)
—< ' i}
I 1102 T -
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eyel . The net hod

oS Lol qg035)3

of claim 1 in whlch said step of

del ay | 3.

d ] . | er an._average packet
delay on a downl i nk of the at |east one packet radio channel is
greater than a -predeterm ned delay |evel. 32

4. The nethod of claim1 in which said step of determning orrpri ses
the step of determ.ning whether an average packet delay for t ,v '

conbi ned downl i BRCANd upl i NKVABED ITFRLESTUAL PROBERTY QRGAIZATIONt 1 adi 0 Nk nneI i s 5
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and, In res%oBE;‘Faﬁt;? o?réla?g fﬂai:ﬁgttsi on trgeegfe fe@sf'%ia%cket radio channel, a method
of controlling congestion on the at least one packet radio channel, said method
comprising the steps of: '

10 determining whether congestion exists on the at least one
packet radio channel;
and, in response to an affirmative determination;

calculating excess data traffic within the at least one
packet radio channel;

15 selecting at least one packet calls on the at least one
packet radio channel having a lowest assigned priority until a sum of
average data traffic associated with said selected packet calls is greater
than or equal to said excess data traffic; and

expelling said selected packet calls from the at least one

20 packet radio channel once the sum of average data traffic associated

with said selected packet calls is greater than or equal to said excess

data traffic.

2. The method of claim 1 in which said step of determining
25 comprises the step of determining whether an average packet delay on an
uplink of the at least one packet radio channel is greater than a predetermined

delay level.

3. The method of claim 1 in which said step of determining
30 comprises the step of determining whether an average packet delay on a
downlink of the at least one packet radio channel is greater than a

] I —
predetermined delay level.
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6. The method of claim 1 in which said excess data traffic and the
sum of the average data traffic are associated with a downlink of the at least -

one packet radio channel.

15 7. The method of claim 1 in which said excess data traffic and the
sum of the average data traffic are associated with a combined downlink and

uplink of the at least one packet radio channel.

8. The method of claim 1 in which said step of selecting comprises

20 selecting at least one packet call.

9. In a telecommunications system comprising at least one packet
radio channel and a plurality of transceiving stations, each of said transceiving
stations capable of transmitting or receiving at least one packet call comprising

25  a plurality of data packets on the at least one packet radio channel, a method
of controlling congestion oh the at least one packet radio channel, said method
comprising the steps of:

determining whether congestion exists on the at least one packet radio
channel;

30 and, in response to an affirmative determination;
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packet call; 11. The apparatus of claim 10 in which said
determiner 5 conprises neans for determ ning whether a
aver adfeappitrality @f pagket callpexist havingila lowesh riarity,esalecting: a
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based upon at least one of the following traffic values parameters assigned to
said plurality of packet calls on the packet radio channel; estimated average
data traffic for the packet call, estimated average data traffic for the at least
one packet radio channel, estimated maximum data traffic for the at least one
packet radio channel, and estimated maximum data traffic for the packet call;
and

expelling said selected packet call from the at least one packet radio

channel.

10.  In a telecommunications system comprising at least one packet
radio channel and a plurality of transceiving stations, each of said transceiving
stations capable of transmitting or receiving at least one packet call comprising
a plurality of data packets on the at least one packet radio channel, an
apparatus for controlling congestion on the at least one packet radio channel,
said apparatus comprising:

a congestion determiner for comparing the average packet delay on the
at least one packet radio channel to a predetermined delay level to determine
whether congestion exists on the at least one packet radio channel;

first means for calculating an amount excess data traffic on the at least
one packet radio channel if congestion exists;

second means for calculating a sum of an amount of average data traffic
represented by selected packet calls and determining if the sum of the amount
of average traffic data equals or exceeds the amount of excess data traffic; and

a packet call selector for selecting the selected packet calls for the
second means for calculating until the sum of the amount of average data
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12. The apparatus of claim 10 in which said congestion deterniner
conpri ses neans.for determ ning whether a.calculated | ay
on a downlink of the at |east one packet radio channeﬁMﬁﬂﬂmnﬂumlum

predetermined del ay |evel. 13. The apparatus df &l afmi10 in
whi ch said congestion determner 15 conprises neans for determ ning
whet her a cal cul at ed average packet del ay for the conmbi ned downl i nk

and upl i nk drhfﬁdmuﬂls Ioeexcemliesaldcﬂmess datatraffisrvalue, and gersergtlwtaeelgmaian a

predet er mi ned, de| a ar at s of claim10 in
whi ch each md'%aévtﬁ/fﬁlﬁgﬁand.%%le%ﬁd ?@°kﬁml§tarﬁépir%°??€P O%ssi gned a
priority, and in which said packet call selector selects sai d packet
call from packet calls having a | owest assigned priority of packet

cal l's on said paddet Mhei appdratuzebf claim 10 in which said congestion determiner
s comprises means for determining whether a calculated average packet delay
on an uplink of the at least one packet radio channel is greater than a

predetermined delay level.

12. The apparatus of claim 10 in which said congestion determiner
10 comprises means for determining whether a calculated average packet delay
on a downlink of the at least one packet radio channel is greater than a

predetermined delay level.

13. The apparatus of claim 10 in which said congestion determiner
15 comprises means for determining whether a calculated average packet delay
for the combined downlink and uplink of the at least one packet radio channel

is greater than a predetermined delay level.

14. The apparatus of claim 10 in which each of said plurality of
20 packet calls is further assigned a priority, and in which said packet call selector
selects said packet call from packet calls having a lowest assigned priority of

packet calls on said packet radio channel.
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