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(57) L'mvention se rapporte a un systeme cellulaire de
telécommunications et concerne un procede d'attribution
dynamique des canaux radio pour donné€es par paquets,
lesdits canaux ¢tant répartis entre les utilisateurs se
faisant concurrence dans une méme cellule. Le procede
consiste a déterminer la hi€rarchie d'un utilisateur faisant
partie des utilisateurs se faisant concurrence dans cette
cellule et a mettre chacun de ces utilisateurs dans une des
classes hicrarchiques. On détermine ensuite le nombre de
canaux radio pour donnees par paquets disponibles pour
chacune des classes hi¢rarchiques et l'on trie les
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(57) In a cellular telecommunications system, a method
of dynamically allocating packet data radio channels
among users competing 1 a same cell for the channels
involves determining a user ranking for each of plural
competing users 1n the cell, and classitying each of the
plural competing users mto one of plural ranking classes.
A number of the packet data radio channels available for
cach of the ranking classes 1s then determined, after
which the users within each ranking class are sorted by
ranking. The packet data radio channels are allocated to
the users by sorted position within ranking classes. The
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utilisateurs a I'inteérieur de chaque classe hi¢rarchique en
fonction de leur classement. Les canaux radio pour
données par paquets sont attribues aux utilisateurs en
fonction de leur position apres le tr1 a l'mtérieur des
classes hic¢rarchiques. Le classement hi€rarchique d'un
utilisateur parmi  plusieurs utilisateurs se  faisant
concurrence dans la méme cellule est lic¢ a une
combinaison pondérce de plusieurs mesures de
performance en rapport avec cet utilisateur.
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user ranking for each of the plural competing users 1n the
cell 1s related to a weighted combination of plural
measures of performance for the user.
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DYNAMIC ALLOCATION OF PACKET DATA CHANNELS

BACKGROUND

1. FIELD OF THE INVENTION

The present invention pertains to cellular telecommunications, and particularly

to allocation of data resources 1n a cellular telecommunications system.
2. RELATED ART AND OTHER CONSIDERATIONS

In recent years cellular telephones have become increasingly popular. A cellular
telephone 1s just one example of what 1s referred to 1n telephone parlance as a “mobile
station” or “mobile terminal™. Telecommunications services are provided between a
cellular telecommunications network and a mobile station (e.g.. cellular telephone) over
an air interface, e.g., over radio frequencies. At any moment an active mobile station is
In communication over the air intertace with one or more base stations. The base
stations are, in turn, managed by base station controllers (BSCs). The base station
controllers are connected via control nodes to a core telecommunications network.
Examples of control nodes include a mobile switching center (MSC) node for
connecting to connection-oriented, circuit switched networks such as PSTN and/or
ISDN, and a general packet radio service (GPRS) node for connecting to packet-

switched networks such as Internet, tfor example.

A mobile station can take on various forms other than a cellular
telephone, including a computer (e.g., a laptop computer) with mobile termination
capabilities. In some forms. mobile stations are capable of engaging in differing types
of services, or multimedia services. In other words, the mobile station can execute
several differing types of programs (1.e., “applications™) which interact with the user.
Examples of these applications include Internet browsers and electronic mail programs.

Several multimedia applications may reside in the same mobile station.
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One type of standardized mobile telecommunications scheme, utilized,
e.g., 1n Europe, 1s the Global System for Mobile communications (GSM). GSM
includes standards which specify functions and interfaces for various types ot services.
A relatively recent data service available within the GSM system 1S General Packet
Radio Service (GPRS). GPRS differs from existing data services in that GPRS is 1
packet switched service instead of a circuit switched data service. Whereas (in GSM) a
circult switched data user is connected continuously to the radio network during a data
call (e.g., even when not transferring data), a GPRS user is connected to the radio
network only when either (1) the mobile station desires to transmit or (2) the network
has something to transmit to the mobile station. In other words. in GPRS the mobile
station (e.g.. a computer with mobile termination) is not connected to the network

constantly while the computer is in use, but only during these two transmission events.

For the purpose of data services in cellular time division multiple access
(TDMA) systems, packet data services such as GPRS are used alongside existing
circuit-switched services. Since the existing radio band cannot be expanded, packet
data services must be fitted into the same band as circuit-switched services. Thus, a
certain amount of capacity has to be taken from circuit switched services for packet data
services. Additionally, as circuit-switched services have been predominate, the
introduction of packet data services must not degrade the quality of service for the

existing circuit switched services.

The GPRS service is provided to a connection over 2 GPRS packet data
channel (PDCH). GPRS has two types of packet data channels: (1) the MPDCH, or
master packet data channel (which carries broadcast information, paging messages,
access grant messages, and user information), and ( 2) the SPDCH, or slave packet data
channel (which carries user information and associated si gnalling). A time slot in the

radio base stations can dynamically be configured, for instance as a TCH/F (speech
traffic channel), MPDCH, or SPDCH.

Radio resources are allocated dynamically. For speech traffic, the radio
resource 1s a full-rate speech time slot (TCH/F) and for data traffic the resource is a
block called PDTCH, which is sent on a PDCH. The packet data channel resources are
limited, therefore efficient use of these resources is essential when a radio resourcs is
configured as a PDCH.

e -*.-w«;mwﬂmm e s SR et e R MRS 1t 12l LAl RO 1h LR R b A b h 1h A bhtan o VAt et .
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Methods of dynamically allocating speech and data resources are known.
For example, PCT publication W096/22665 discloses a method of determining the
number of time slots allocated to a packet data service and to a circuit switched service
by dynamucally allocating more time slots to the form of service having the greater
demand at any particular time. A nominal basic number of time slots is reserved for
packet radio service and another number of time slots is reserved for circuit switched
service. If the traffic requires for packet radio service increases. information regarding
the increase is obtained through a request flagged by a mobile station or through traffic
measurement by the base statton. The information is used as criteria in the allocation of

more time slots to the requiring such slots.

Once a packet data channel has been configured for data traffic. the
packet data channel must be etficiently utilized in view of the limited packet data
resources. Theretore, what is needed, and an object of this invention. is an efficient

technmque for allocating packet data channels among users.

BRIEF SUMMARY OF THE INVENTION

In a cellular telecommunications system, a method of dynamically allocating
packet data radio channels among users competing in a same cell for the channels
involves determining a user ranking for each of plural competing users in the cell, and
classitying each of the plural competing users into one of plural ranking classes. A
number of the packet data radio channels available for each of the ranking classes is
then determined, after which the users within each ranking class are sorted by ranking.
The packet data radio channels are allocated to the users by sorted position within

ranking classes.

The user ranking for each of the plural competing users in the cell is related to a
weighted combination of plural measures of performance for the user. In general, the
user ranking for a user 1s determined 1n accordance with the combination

u

r, = a,f,(x,)+a.f,(x,)+ . ..+a,f, (X ).1n which there are M different measures of

performance for each user; the performance measures being represented by a vector (X),

and which includes ranking weighting-functions, f,, and ranking weighting-constants,
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In one embodiment, the plural measures of performance for the user include at
least two of the following: (1) user priority; (2) maximum delay relative to a target
maximum delay value; (3) remaining time relative to a transmission time in higher
layers; (4) an assigned bit rate relative to a target bit rate value; (5) a number of
remaining packets relative to a target number of remamning packets; (6) a number of
recent transmussion failures: (7) arequired output power value relative to a target
output power value; (8) a radio link quality value relative to a target radio link value:

and (9) normalized packet delay.

The step of allocating the packet data radio channels to the users by sorted
position within ranking classes can be performed by various techniques of the present
invention. According to a first technique, the channels are awarded to the users in
descending ranking order within each ranking class. In accordance with a second
technique, a himiting number of packet data radio channels available to a particular
ranking class is determined and, to the users in the particular ranking class, the limiting
number of packet data radio channels are awarded in descending ranking order within

the particular ranking class.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the invention will
be apparent from the following more particular description of preferred embodiments as
1llustrated in the accompanying drawings in which reference characters refer to the
same parts throughout the various views. The drawings are not necessarily to scale,

emphasis instead being placed upon illustrating the principles of the invention.
Fig. 1 1s a diagrammatic view of a mobile telecommunications network.

F1g. 2 1s a flowchart showing basic steps involved in a determination of which

competing users in a cell are afforded data packet channels.
Fig. 3 1s a graphical view of a plot of a mapping function f,.

Fig. 4 is a graphical view of a plot of a mapping function f-.
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F1g. 5 1s a graphical view showing a sharing of data resources for different

prionty classes according to a mode of the invention.

F1g. 6 1s a chart showing a relationship between user ranking values and

corresponding ranking classes.

F1g. 7 1s a schematic view of an example base station controller (RNC) which

operates 1n accordance with a mode of the present invention.

F1g. 8 1s a schematic view of an example base station (BS) which operates in

accordance with a mode of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[n the following description, for purposes of explanation and not limitation.
specitic details are set forth such as particular architectures. interfaces, techniques, etc.
in order to provide a thorough understanding of the present invention. However, it will
be apparent to those skilled in the art that the present invention may be practiced in
other embodiments that depart from these specific details. In other instances. detailed
descriptions of well known devices, circuits, and methods are omitted so as not to

obscure the description of the present invention with unnecessary detail.

1.0 NETWORK OVERVIEW

Fig. 1 shows a telecommunications network 18 in which a mobile station 20
communicates with one or more base stations 22 over air interface (e.g., radio interface)
23. Base stations 22 are connected by terrestrial lines to base station controller 24. also
known as a radio network controller (RNC). Base station controller 24 is, in turn.
connected through a control node known as the mobile switching center 26 to circuit-
switched telephone networks represented by cloud 28. In addition, base station
controller (BSC) 24 1s connected to Serving GPRS Support Node (SGSN) 25 and
through backbone network 27 to a Gateway GRPS support node (GGSN) 30, through
which connection 1s made with packet-switched telephone networks (e.g., the Internet,

X.25 external networks) represented by cloud 32.
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Gateway GRPS support node (GGSN) 30 provides the interface towards the
external IP packet networks and X.25 networks. Gateway GRPS support node (GGSN)
30 translates data formats, signalling protocols and address information in order to
permit communication between the different networks. Backbone network 27 is an
Internet Protocol (IP) network. Serving GPRS Support Node (SGSN) 25 provides
packet routing to an from a SGSN service area, and serves GPRS subscribers which are
physically located within the SGSN service area. Serving GPRS Support Node (SGSN)
25 provides functions such as authentication, ciphering, mobility management, charging
data, and logical link management toward the mobile station. A GPRS subscriber may
be served by any SGSN in the network depending on location. The GPRS traffic is
routed from the Serving GPRS Support Node (SGSN) 25 (o base station controller
(BSC) 24 and via base station (BS) 22 to mobile station 20. The functionality of
Serving GPRS Support Node (SGSN) 25 and Gateway GRPS support node (GGSN) 30

may be combined in the same node, or may exist in separate nodes as shown in Fie. 1.

The telecommunications network 18 of Fig. 1 also includes a packet control unit
node, shown as packet control unit (PCU) 30. Various functions of the packet contro!
unit (PCU) 50 are described e.g., 1n United States patent application serial number
09/___,___ (attorney docket 2372-15) filed simultaneously herewith and entitled
“"ALLOCATION OF CHANNELS FOR PACKET DATA SERVICES”, which is

incorporated herein by reference.

As understood by those skilled in the art, when mobile station 20 is participaung
1n a mobile telephonic connectuon, signaling information and user information from
mobile station 20 are transmitted over air interface 23 on designated radio channels to
one or more of the base stations 22. The base stations have radio transceivers which
transmit and receive radio signals involved in the connection. For information on the
uplink from the mobile stauon 20 toward the other party involved in the connection, the
base stauons convert the radio-acquired information to digital signals which are
forwarded to base station controller 24. Base station controller 24 orchestrates
participation of the plural base stations 22 which may be involved in the connection,
since mobile station 20 may be geographically moving and handover may be occurring
relative to the base stations 22. On the uplink, base station controller 24 obtains user

information from one or more base stations 22 to yield a coherent connection between
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mobile station 20 and the other party, whether that party be in PSTN/IDSN 28 or on the

[nternet 32.

As seen 1n Fi1g. 1, base station controller (BSC) 24 has a central processor (CP)
or control unit 40. BSC central processor 40 has access to memory 44. As referenced

herein, memory 44 is has stored therein packet data channel allocation Instructions.

Further details of an example base station controller (BSC) 24 are shown in Fig.
7 as comprising a switch 240. Switch 240, which is controlled by BSC central
processor 40, has a plurality of ports, some of which are connected to diversity
handover unit (DHU) 230 and others of which are connected to various interfaces.
Diversity handover unit (DHU) 230 1s connected to a timing unit 241. The BSC control
unit 40 18 connected to each element of BSC 24. BSC 24 is connected to 2 signaling
network via a signaling interface 243. Signaling interface 243 is connected to BSC
central processor 40. The interfaces connected to ports of switch 240 include service
node interface unit 244; RNC interface unit 246; and base station interface units 248
The service node interface unit 244 1s connected to the appropriate mobile switching
center 26 and GRPS control node 30. RNC interface unit 246 is connected by inter-
RNC transport link 232 to other (unillustrated) base station controllers. Base station

intertace units 248 are connected to the base stations (BS) 22 served by the base station
controller (BSC) 24.

An example base station (BS) 22 is shown in Fig. 8 as comprising a switch 260.
Switch 260, which 1s controlled by base station control unit 262. has a plurality of ports.
At least one, and typically several, of the ports of switch 260 are connected to respective
transcerver (Tx/Rx) boards 264. Transceiver (Tx/Rx) boards 264 are connected to
antennae which are located in the cell served by the base station (BS) 22. Control unit
262 15 also connected to ports of switch 260, as is an terminal board 266. It is through
terminal board 266 that base station (BS) 22 communications with its radio network
controller base station controller (BSC) 24, with link 225 being connected between an

appropriate base station interface unit 248 of base station controller (BSC) 24(see Fig.

7) and termunal board 266.

T'he particular example embodiments of base station controller (BSC) 24 shown

in F1g. 7 and base station (BS) 22 shown in Fig. 8 happen to be ATM-based nodes. In
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this regard, both switch 240 of radio base station controller (BSC) 24 and switch 260 of
base station (BS) 22 are, in the illustrated example embodiments. ATM switches
through which ATM cells are directed. It should be understood that the present
invention 1s not limited to the particular architectures of the example base station
controller (BSC) 24 and base station (BS) 22 shown, nor the use of ATM switches, but
that other architectures and data transfer techniques can be employed within the scope

and spirit of the present invention.

2.0 ALLOCATION OF PDCHs TO USERS

It 1s the allocation of data packet channels (PDCHs) to users. particularly GPRS
channels, to which the present invention primarily relates. For each cell. the present
Invention determines which competing users are to be afforded data packet channels.
The determunation of which competing users are to be afforded data packet channels is
made by base station controller (BSC) 24 for each cell controlled by base station
controller (BSC) 24. Since each cell 1s typically associated with a corresponding base
station (BS) 22. the base station controller (BSC) 24 makes the determination of which
competing users are to be afforded data packet channels separately with respect to each

base station (BS) 22.

The determunation of which competing users are to be afforded data packet
channels 1s particularly determined by BSC central processor 40 of base station
controller (BSC) 24. Basic steps performed by BSC central processor 40 are illustrated
in F1g. 2 and discussed below. The first basic step, step 2-1 (described in more detail.
e.g.. 1n section 2.1), involves counting the data resources (dres.) available in cell ¢ at
any given instant. Step 2-2 (described in more detail, e.g., in section 2.2) involves, for
each competing user, calculating a user ranking value (r,). Step 2-3 (described in more
detail, e.g., in section 2.3) involves calculating the data resources per ranking class
present (dres.,). Step 2-4 (described in more detail, e.g., in section 2.4) involves sorting
the users by ranking to obtain, for the cell, a ranking vector for each class. Step 2-3
(described 1n more detail, €.2.. in section 2.5) involves allocating the data resources in

the cell based on the sorting ot users by ranking.



W

10

15

CA 02330846 2000-10-30

WO 99/57925 PCT/SE99/00688

9

Each of steps 2-1 through 2-5 are described in more detail in the ensuing
sections. Reference 1s made to Table 12 for abbreviations and nomenclature employed

herein.

2.1 COUNT DATA RESOURCES

Step 2-1 involves counting the data resources (dres,) available in cell ¢ at any
given mstant. The data resources available at a given instant of time depends on the
multi-frame structure of the PDCH, since user information can only be transferred when
PDTCH blocks are sent. The data resources available in a cell (dres,) are expressed by

Equation 1:

ats

dres, = z (block,, = PDTCH) Equation 1

1is=1

As explained e.g., by Table 12, 1n Equation 1 dts is the number of time slots
allocated for data traffic.

2.2 CALCULATE USER RANKING

Step 2-2 of Fig. 2 involves, for each competing user, calculating a user ranking

value (r,). For each user, a ranking value between 0 and P is calculated with Equation 2:

r, = a,f,(x, )+ a.fh(x,, )+ . Fa,f (Xy,) Equation 2

u -

In Equation 2 it 1s assumed that there are M different measures of performance
for each user. The ranking weighung-functions, f, are described below (see Equation
4), as are ranking weighting-constants, a, (see Equation 5). The performance

measurements are represented by the x vector of the user as shown in Equation 3:
X, = [xluxzu...xm} Equation 3

[n order to ensure a value range of O to P, the x vector is mapped with the ranking

welghting-functions, t, (see Equation 4):

f_(x_) € [0,P] Equation 4



10

15

20

CA 02330846 2000-10-30

WO 99/57925 PCT/SE99/00688
10

The mutual importance between different pertormance measures 1s defined by the
ranking weighting-constants, a,. For instance, assume two performance measures,
where the first is considered as three umes more important than the second one. With

reference to Equation 3, for example, this gives a; = 0.75 and a, = 0.25.

M
2 a_ =1 Equation 3

m=1i

Several performance measures may influence the ranking value, such as those

listed below:.

e maximum delay relative to a target delay value

e user priority, for instance based on subscription

e remaining time relative retransmission timer in higher layers (IP and LLC)
o assigned bit rate relative a target bit rate value

e remaining packets relative a target value

e number of recent transmission failures

e needed output power relative a target value

e radio link quality relative a target value

e normalized packet delay (seconds/Kbytes)

Below is an example where the first performance measure is the user priority (pu)
stated in the channel request and the second is the maximum delay currently experienced

(dmax,).
X, = [pu drnzmu] Equation 6

The user priority can be mapped with the ranking wet cht-function, f, of Equation

. — e maas o "
a2 as_aam__ aa as s sema sama_ masma aaa__ RaOA BB sod raends
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0 p, 2P
P l<p, <P
fl(pu) = }_I;- ] (P - Pu) Equation 7
P p, <1
_!

This way, the highest user prionty (1) results in the highest ranking (P). Fig. 3

oraphically illustrates a plot of the mapping functon f;.

Equation 8 is an example of a mapping function for maximum delay:

I P dmax = dtgt
[ 2 ) I
f,(dmax) = 4P*k ot - dmax - 1) 7 - digt < dmax < degt| Eqgn. 8
Y - , =~ 1
0 dmax < 5 dtgt

In Equation 8, dtgt 1s the delay target value and dmax is the maximum delay.
Equation 8 is illustrated in Fig. 4 where the target value for maximum delay has been

chosen to 5 seconds. Fig. 4 graphically illustrates a plot of the mapping function f,.

If it were desired for p, and dmax to have equal importance, then a;=0.3 and

a,=0.5, in which case from Equaton 2 Equation 9 is obtained:
: . . £, (dmax) Equation 9
=3 fl(Pu) t5 f., (dmax quation

2.3 CALCULATE DATA RESOURCES PER RANKING CLASS PRESENT

Step 2-3 of Fig. 2 involves calculating the data resources per ranking class
present (dres.,). Each ranking class, represented by at least one user in the cell, 1S
assigned a share of the available resources at a given instant of time. The share of
resources is calculated from the ranking of the ranking classes and the number of

resources currently available. In the expressions and equations below, p 1s an integer



)

10

20

CA 02330846 2000-10-30

WO 99/57925 PCT/SE99/00688

representing a ranking class present and P is an integer representing the highest possible

ranking class.

p = integer(r,) + 1  for all users in the cell Equation 10
I, =P for all ranking classes in the cell Equation 11
: \
I
dres_, = round P,;p -dres, | tor all ranking classes in the cell Equation 12
'Y
\ =1 J

Due to rounding errors, 1t 1s necessary to perform the test of Equation 13 after the
calculations of all ranking classes in the cell. As an alternative, it is possible to

mathematically foresee where the rounding error will occur.

while Z dres_, > dres, Equation 13
P

then deduct one resource from the class with highest priority.

2.4 SORT USERS BY RANKING

Step 2-4 of Fig. 2 involves sorting the users by ranking to obtain, for the cell, a
ranking vector for each class. Consider cell ¢ with five users belonging to the same
ranking class (ranking class 2, in this example) and where the ranking for each user has

been stored 1n the r vector as shown in Equation 14:

————

r, =[1.8 1.1 1.2 1.9 1.3 Equation 14

The vector of Equation 14 1s then sorted and the indices are stored in another

vector shown in Equauon 15:

ind, =[41532] Equation 15
From the resulting vector of kquation 13, it can be seen that resources should be

allocated to the users in the following order: user;, user;, users, user; and user,.
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2.5 ALLOCATE DATA RESOURCE TOP-DOWN

Step 2-5 of Fi1g. 2 involves allocating the data resources in the cell based on the
sorung of users by ranking. The allocation of the available resources to the requesting
users can be accomplished using many different techniques. The main philosophy is to
allocate as many resources as possible. The ranking warrants a correct handling of each
user request. Set torth separately in sections 2.3.1 through 2.5.3 are three alternative
techniques of top-down allocation. Common for all alternative techniques is that the
allocauon is conducted for one ranking class (present in the cell) at a time, starting with
the highest ranking class. The allocation techniques for users belonging to the same

ranking class, differs in the alternatives.

2.53.1 STRAIGHT-FORWARD TOP-DOWN

According to a first technique of allocating the data resources in the cell based on
the sorting of users by ranking, the user requests are processed in descending ranking
order. Any unused resources are passed on the next user in turn. The maximum number
ot available resources must not be exceeded. Consequently, all users may not get the

requested number of resources.

Continuing with the example of Section 2.4, it is assumed that the number of

resources 1n the cell 1s 10. Then the resources are allocated as in Table 1.

s NN SN NNy N D T WP A Wl W T WP S D G iy G- GRS GNP SR VS SIS G- P G A W TS s e el D dulr 4k W WD AR AL IS ol YW -ﬂﬂ--P--'--------P“-!ﬂ--ﬂ~-~-‘-*--- L L I T e e g——

User | Resources Allocated Queued
Requested Resources Requests
4 1 ! r 0
1 4 4 | 0
5 2 2 0
3 7 3 T 4
2 | 0 3

TABLE 1 STRAIGHT-FORWARD TOP DOWN APPROACH

----—-—--*-—----‘1*-*‘----—-_q—--~'-- AN SEpE AR W SEpy SRy S SIS D CEED WD BN ----*n*-~ﬁ‘ﬂ--”---“-“-‘--‘------~---“-“~
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2.5.2 STRAIGHT-FORWARD TOP-DOWN WITH USER LIMITS

According to a second technique of allocating the data resources in the cell based
on the sorting of users by ranking, the user requests are processed in descending ranking
order exactly as in alternative A, but the maximum number of resources per user is
limited. In the example in Table 2, this limit 1s two resources per user. In this example,

only 9 resources are allocated although 10 are available.

i S SR D b IS A ey il el e ank ans anis b YD R AP R Y SER RS al il MBS AR sptn G iy G SRR T =y Ay S—akis duly s Vs =" . .y Y B AR D D Gl . el e i Sy iy v vv S ki SR N SRR S b i mp SRR RS Y i i i S S G ey wish b i

Resources Allocated Queued
User Requested Resources Requests
4 1 1 0
] 4 2 2
5 2 i 2 0
3 7 2 >
2 3 | 2 1

-‘-‘---—-‘-—------w--ﬁ----w*““b-'*‘”"-----'—---------_ Y A AP PR SR AR RS e R D R S A G TEE Ve 4SS Wl wfuly RD wiay wnd AR oED G WS G NS W g i

2.5.3 RELATIVE RANKING

According to a third technique of allocating the data resources 1n the cell based
on the sorting of users by ranking, the relative ranking approach used when calculating
resources between ranking classes are also used within each ranking class, see Equation
12 and Equation 13. User ranking values are taken from Equation 14. The result 1s

shown in Tabie 3.

-y ik and aup oy dupy AR s AN N B S i imiy NG duid TU Ay Sup anb ol sue ol G 9 o 4l A T P W vieh o ul A R A s el ik Ay SE Sl AU A SR Wi P S T R S A AP ey sdmbe oS Tiee v AP T TR U wbd ewd Wil AN wil A P D AN M e N agR VP IS WY g I R D b el

User Resources Allocated | Queued
Requested Resources | Requests

4 1 ] 0

1 4 4 0

5 2 2 0

3 7 2 S

2 3 1 ; 2

TABLE 3 RELATIVE RANKING APPROACH
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5.0 ILLUSTRATIVE EXAMPLE

This section shows an example of the present invention in which a a cell which
has 3 transceivers (TRX’s). Two time slots are used for BCCH and SDCCH, which
leaves 22 time slots for speech and data traffic. These time slots are currently

configured according to Table 4 below.

W - S D R D T B i iy e . —p Pty WD iy e i iy W T VD D T W HD D 40P - i el g Wi A N chin SR WY TED GAD s i —— _— A e B ) SR TR WS e T T v A S VS —" e s WD il . G WY i Sy Y D S S v

Description l Parameter Value
Speech time slots Sts 12
‘Data time slots dts 7
Idle ume slots 1S | 3

TABLE 4 CURRENT TIME SLOT CONFIGURATION IN CELL C

e il b i e i i o S ol TEy Sk EED D SN vl diob uis Nl NS SEEN SR W GER W I VER Wi GEY GRS SR W wie -l--—ﬁﬂ——-----ﬁﬂﬂﬂ-wﬁw-ﬂ—--#---—--_-ﬁ-—ﬂﬁuw--ﬂ-ﬂ—----

LK a2 F X X K X 2 X ¥ ¥ """ S T T B S =S el mn Adull T D R S el ey dE wisis gl Sy GER SN SN EER EFR WYL Wiy ey dle UL D p—" wip Ay VD Mk A iy S e e -anlp - D dup TR W W G AN e D AN WALl S M i Ry ==l —

Data Time Slot PDCH | Current block
1 W
2 SPDCH | PDTCH
3 "~ SPDCH | PDTCH
4 SPDCH PDTCH
5 [ SPDCH PDTCH
6 ‘ SPDCH | ~ PDTCH
7 ]W

TABLE > BLOCK STATUS OF DATA RESOURCES

TR W% iie wi auiy 00 D wfl Wiy WD TR P R Al sl el wile T —“w---‘ﬁd—b&h-ﬂ---ﬂ-ﬂ-*ﬂw---ﬁ---ﬂ-----ﬁ-“—----ﬂ "Qﬁ-ﬁ-----‘----——-_-.- il iy app T B enin

Out of the seven PDCH’s, six can currently be used to carry user information.

There are five users 1n cell. Their requests for data resources (queued packets) are

shown below, together with the tagged user priority and the current maximum delay
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value. The user prionity submutted in the channel request can have values 1, 2, 3 and 4.
where 1 is highest prionty.
3.1. COUNT DATA RESOURCES

From Table 5, it 1s seen that s1x data resources (PDTCH) are currently available.

5
3.2 CALCULATE USER RANKING
Assuming a ranking value based on user priority and maximum delay of equal
importance, Equation 9 and Table 6 gives the rankings shown in Table 7.
10
User ] Queued User Priornity Maximum Delay
| Packets
u 4P Pu dmax
1 36 4 200
2 81 8 50
3 228 3 110
5 | 17 3 130
TABLE 6 INFORMATION ABOUT THE USERS IN CELL
15

User Ranking I user 1

I, 1.2

P ——————epppepeeprrageage- SRR SR R AR g L et s e e e i e e e R A S

20 3.3 CALCULATE DATA RESOURCES PER RANKING CLASS PRESENT

The user ranking value 1s used to determine which ranking class a certain user

belongs to, according to Equaton 10 (see also Fig. 5). Here, ranking classes 1, 2 and 3

. CTAMR R IO 4 a0 bl LgiQ eyl R e G S e S g e e ot & ®



CA 02330846 2000-10-30

WG 99/57925 PCT/SE99/00688

17

are present, ranking class 4 1s not present. For instance, ranking class 3 1s treated as

three times more important than ranking class 1 as shown 1n Table 3 below.

- ey ol i wAlh Ak W e ke anl afls wme wnb mi anld SR AUP agn ann wnb slen A R VD A AT SR Ap ek Juib Wi Sluy mRy o any S NS A0S WP S e ankh Allr dun aun anis VD Wy ol D JED S SN A IR AGD el ORE WD WS B EED e W W wuly wlt - o AN D WD i YD S eale w SR by VIR AP e wiis sy wile

user 4 user 5
D l 2 | 1 3 2

User Ranking user 1 l user 2 user 3

e el anb any S4P I S ol SN SIS VED Sny Wiy Al R G SEm wmy SRR A wniy wi S Ry U Y SNl S ek PN Y SN W WD aEm b 4 Well SN EED GED N YRR A alp il N GEP ek =t SN G S S S A G Sl e ‘el wi wef dew e RIS S G SR Gl il S cmiy el Wb wih S =SE il S AL S G S -

Fig. 6 illustrates a relationship between user ranking values and corresponding
ranking classes.
10
The next step is to calculate the ranking of the ranking classes according to
Equation 11. Then Equations 12 and 13 are used to determine the number of data

resources per ranking class. The result 1s shown in Table 9.

--‘--—-d——----‘----ﬁ--”ﬂ-ﬂ-‘--*ﬂﬂ-ﬂﬂ—--ﬂ- Y LYYy YY"y rr r—» k. ¥ ¥ E_NX_E N E N E_E §E B _§E N 5 B K N & & B X X A ol e

Ranking Class Ranking Value ‘ Data Resources

W_——“r—

P Ty dres,

15 TABLE 9 NUMBER OF RESOURCES PER RANKING CLASS

to ] LI
~ |
19| W2

oy wib wny D S G b Mk wfD AN TED BEY A s apn b N - s v D Vi) i Ay amn wmy Sk D dup AEE GRS D PR GNP W aEr s wil EE I EED WS A auh dEn cun b e R - g g g Y L . ¢ ¥ ¥ § ¥ §E R ¥ L E R B X B X R _J

3.4 SORT USERS BY RANKING

The users are sorted by ranking order in each ranking class as shown in Table 10.

PR rp—————-—a= g g S R R R T e s it it W T D Gl Al TS I D S e CulS i S G U T G Gy S e il B S G Gl by ol SR GRS Sk B AR A W T S A e W A G b — e . e—

Ranking Class User User Ranking
3 4 2
5 [ 1s
2 1 1.2
1 2 0
1 | 3 0 -

20 TABLE 10 USERS SORTED BY RANKING
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3.5 ALLOCATE DATA RESOURCES TOP-DOWN

Assuming allocation as described in the first alternative described in section 2.3.

the resources are allocated as shown in Table 11.

oyl AER anis So WP shi AP anp anh wiis ik apy ey ol e A AR ey D i TS T GG TUNR AU SIS G GEN GEE dul =ed e WD A dp enm A T b e i e S i A AR e e e el A e el dal S e cam b and i b AED WV Sk ol 0D WA wimb wme amie WD oD WD Ainl e aE NP WP WD SM

Ranking User | Queued Resources l New Queue
Class | Packets Allocated
3 e T R T
2 5 17 2 15
2 r | 36 | o 1 36
1 > | st | 1 ] s
1 3 ‘}_E.T_j_o__‘__ﬁé__

TABLE i1 DATA RESOURCES ALLOCATED PER ALTERNATIVE A

-ﬂ““---”----ﬂ.---ﬂﬂ“,‘-----------“-“---ﬂ--“*- g R R R I I S I R R R A —————————————

The number of resources allocated to each user can be compared with the user
priority of each user request. User 4 has higher user priority and then user 5 and the
other three users all have the lowest priority. Here, user 2 got one resource (not user 1
or 3). User 2 and 3 have the same ranking value in ranking class 1 and user 2 was

chosen randomly.

4.0 EPILOGUE

The invention thus relates to a method of allocating available data resources to
data users in a cell. For each user, a ranking value is calculated from several
performance measures. Given the ranking value, each user belongs to a ranking class
and each ranking class is assigned a share of the total number of the data resources
available in the cell. Within each ranking class, the users are ordered in descending
ranking order. Finally, the data resources are allocated top-down and any unused
resources are passed on to the next user 1n turn. Some users may not get any resources

since the number of resources available must never be exceeded.
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F1g. 5 graphically illustrates allocation of data channels among three different

ranking classes in accordance with one mode of the invention

The use of ranking classes e ' i
g nsures users with low ranking to at least get a share.

perhaps small, of the resources when located in a cell with a few highly ranked users.

The procedure of the present invention is based on local decisions made for each

cell in the cellular system and is to be performed at a aregular time interval

TABLE 12
Parameter Description
1ts number of 1dle time slots

————————————

Sts number of ume slots allocated for speech traffic
—_— e e a0

dts number of ume slots allocated for data traffic
dmax maximum delay
dtget delay target-vaiue
r ranking value

rankKing w2ignting constant
| ranking weightine function
ranking class.p-1.2....P

R t———————————— ettt e~ atirem e ttere e e
X | performance value
dres number ot __:_:w:nlable data resources

tres number or available traffic resources

e ———
D number of Eackets In queue
qpmin minimum number of Qackets 1n queue
Ists number of time slots reserved for speech traffic

) B2

e

—

SWt waiting time when activating a time slot. The time slot
can not carry tratfic during the waitine time
ewt | waiting tme when de-activating a time slot. including

time for signaline new assignments to the mobile stations.

estimated service-session arrival rate
—_—

i | estimated service-session departure rate
s e
U ' Number of users,u=1,2...U

®

R S i, eSS
’ Number of cells,c=1,2....C
Arsts Crars Constant in the expression of reserved speech time slots
mmm_——_&_ﬁ_..—ﬁh_

M | Number of performance measures. m = 1.2. .M
P

Highest (Present) ranking class
— e

Shiding ume window when evaluating to end an MPDCH
N S S
Shiding time window when evaluating to end an SPDCH

T,
T,

Sl Pl L Irnd o umts e A A B AAS B * Ll M s W . Wt R

I S -TEEIIL 7 T T T I . B TR 1O I o ThF 3 v o T A S Y
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While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood
that the invention is not to be limited to the disclosed embodiment, but on the contrary,

1s intended to cover various modifications and equivalent arrangements included within

the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. In a cellular telecommunications system, a method of dynamically allocatino
d &

packet data radio channels among users competing in a same cell for the channels. the
method comprising:

(1) determining a user ranking for each of plural competing users in the cel
whereby each of the plural competing users is classified into one of plural rankine
classes; )

, .. .

(2) determining a number of the packet data radio channels available for each of
the ranking classes:

(3) sorting users within each ranking class by ranking: and

(4) allocating the packet data radio channels to the users by ranking classes and

In accordance with the sorting of step (3).

R . . L
2. The method of claim 1, wherein the user ranking for a user is related to a

combination of plural measures of performance for the user

3. The method of claim 2, wherein the plural measures of performance for the

user include user prniority and maximum delay relative to a larget maximum delav value

4. The method of claim 2, wherein the plural measures of performance for the
user include at least two of the following: (1) user priority; (2) maximum delay
relative to a target maximum delay value; (3) remaining time relative to a transmission
time in higher layers; (4) an assigned bit rate relative to 3 target bit rate value; (35) a
number of remaining packets relative to a target number of remaining packets; (6) a
number of recent transmission failures; (7) a required output power value relative to a
target output power value; (3) a radio link quality value relative to 3 target radio link

value; and (9) normalized packet delay.

e e A . . .
S>. The method of claim 2, wherein the user ranking for a user is related to a

weighted combination of plural measures of performance for the user

6. The method of claim 2, wherein the user ranking for a user is determined in

accordance with the combination r, = a,f, ey, ) + sty (X )+ +ay, £y, (X, ), in which
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there are M different measures of performance for each user; the performance measures

being represented by a vector (x), and which includes ranking weighting-functions, f,

and ranking weightung-constants, a,,

7. The method of claim 1, wherein step (4) involves awarding packet data radio

channels 1n descending ranking order within each ranking class.

8. The method of claim 1, wherein step (4) involves determining a limiting
number of packet data radio channels available to a particular ranking class and then, to
the users in the particular ranking class, awarding the limiting number of packet data

radio channels in descending ranking order within the particular ranking class.

9. The method of claim 1, wherein steps (1) through (4) are performed by a

pProcessor.

10. The method of claim 9, wherein the processor 1s situated at a base station

controller node of a cellular telecommunications system.

11. A node of a cellular telecommunications system which dynamically allocates
packet data radio channels among users competing 1n a same cell for the channels, the
node including a processor which executes instructions stored in a memory for
performing the steps of:

(1) determining a user ranking for each of plural competing users in the cell
whereby each of the plural competing users 1s classified into one of plural ranking
classes;

(2) determining a number of the packet data radio channels available for each of
the ranking classes;

(3) sorting users within each ranking class by ranking; and

(4) allocating the packet data radio channels to the users by ranking classes and

in accordance with the sorting of step (3).

12. The apparatus of claim 11, wherein the user ranking for a user is related to a

combination of plural measures of performance for the user.
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I3. The apparatus of claim 12, wherein the plural measures of performance for
the user include user priority and maximum delay relative to a target maximum delay

value.

14. The apparatus of claim 12, wherein the plural measurers of pertormance for
the user include at least two of the following: (1) user priority; (2) maximum delay
relative to a target maximum delay value: (3) remaining time relative to a transmission
time 1n higher layers; (4) an assigned bit rate relative to a target bit rate value; (5) a
number of remaining packets relative to a target number of remaining packets; (6) a
number of recent transmission failures; (7) a required output power value relative to a
target output power value; (3) a radio link quality value relative to a target radio link

value: and (9) normalized packet delay.

5. The apparatus of claim 12, wherein the user ranking for a user is related to a

weighted combination of plural measures of performance for the user.

16. The apparatus of claim 12, wherein the user ranking for a user is determined

in accordance with the combination r, = a,f (x, ) + a,0, (X )+ +ay £, (X, ), in which

there are M different measures of performance for each user: the performance measures
being represented by a vector (x), and which includes ranking weighting-functions, f,,

and ranking weighting-constants, a,.

1'7. The apparatus of claim 11, wherein step (4) involves awarding packet data

radio channels in descending ranking order within each ranking class.

18. The apparatus of claim 11, wherein step (4)-involves determinine 2 limiting
number of packet data radio channels available to a particular ranking class and then, to
the users in the particular ranking class, awarding the limiting number of packet data

radio channels in descending ranking order within the particular ranking class.

19. The apparatus of claim 11, wherein the node is a base station controller node

of the cellular telecommunications system
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20. In a cellular telecommunications system, a method of dynamically allocating
packet data radio channels among users competing in a same cell for the channels. the
method comprising:

(1) determuning a user ranking for each of plural competing users in the cell, the
user ranking for a user being related to a weighted combination of plural measures of

pertormance for the user; and

(2) allocating the packet data radio channels to the users in accordance with user
ranking.

21. The method of claim 20, wherein the plural measures of pertormance for the

user include user priority and maximum delay relative to a target maximum delav value.

-=. The method of claim 20, wherein the plural measurers of performance for
the user include at least two of the following: (1) user priority: (2) maximum delay
relative to a target maximum delay value; (3) remaining time relative to a transmission
time in higher layers; (4) an assigned bit rate relative to a target bit rate value: (5) a
number of remaining packets relative to a target number of remaining packets: (6) a
number of recent transmission failures; (7) arequired output power value relative to a
target output power value; (8) a radio link quality value relative to a target radio link

value; and (9) normalized packet delay.

23. 'The method of claim 20, wherein steps (1) and (2) are performed by a

Processor.

24. The method of claim 23, wherein the processor is situated at a base station

controller node of a cellular telecommunications system.

25. A node of a cellular telecommunications system which dynamically allocates
packet data radio channels among users competing in a same cell for the channels, the
node including a processor which executes instructions stored in a memory for
performing the steps of:

(1) determuning a user ranking for each of plural competing users in the cell, the
user ranking for a user being related to a weighted combination of plural measures of

pertormance for the user; and
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(2) allocaung the packet data radio channels to the users in accordance with user

ranking.

26. The apparatus of claim 25, wherein the plural measures of performance for
the user include user priority and maximum delay relative to a target maximum delay

value.

27. The apparatus of claim 25, wherein the plural measurers of performance for
the user include at least two of the following: (1) user priority; (2) maximum delay
relative to a target maximum delay value; (3) remaining time relative to a transmission
time 1n higher layers; (4) an assigned bit rate relative to a target bit rate value; (3) a
number of remaining packets relative to a target number of remaining packets; (6) a
number of recent transmission failures; (7) a required output power value relative to a
target output power value; (8} a radio link quality value relative to a target radio link

value; and (9) normalized packet delay.

28. The apparatus of claim 23, wherein the processor is situated at a base station

controller node of a cellular telecommunications system.
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Fig. 5

Share of Data Resources for Different Priority Classes
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