‘Page 1 PRI ORITIZATI ON AND FLOW CONTROL OF A SPREAD SPECTRUM MULTI USER
CHANNEL BACKGROUND The invention generally relates to channels used by

multiple users in a wirel ess code division multiple access"aggrlead spectrum
system More specifically, the invention relates to a system and net hod of
prioritizing and controlling the flow of data for common and shared
channels in a spread spectrumsystem Figure 1 illustrates a sinplified

W rel ess spread spectrum code division nultiple access (CDVA) conmunication
system 18. A node b 26 within the system 18 conmuni cates with associ at ed
user equi pment 20- 2PRICRITIZACTION A NDZBLOAE CENIIROIe site controller (SC)

30 associ ated wigp £k ; IWT i r multiple base
stations 28. A Grgup gﬁ%@e%%@zg\, ) Fgglgg;uggf:%ed 0 a radio network
controller (RNC) 36. To transfer communi cati ons between RNCs 36-40, an

interface between the RNCs ( RIBAGKGROUWNDI zed. Each RNC 36-40 is connected
to a nobile swtching center (MSC) 44 which in turn is connected to the core
network 46. To communicate within the system 18, many types of comuni cation
channel s aregused, such _as dedi cat ed, red and,conmmon

t
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shared channels are used by nultiple UEs 20-24 or users. Al of these
channel wireR¥ss ¥ode dinasibainiuleipleiadoass srend spectiurkiitem. chiyre gpecifidaliy, gnal i ng

dat a.
the invention relates to a system and method of prioritizing and controlling the flow
of data for common and shared channels in a spread spectrum system.

Figure 1 illustrates a simplified wireless spread spectrum code division
multiple aecess (CDMA) communication system 18. A node b 26 within the system
18 communicates with associated user equipment 20-24 (UE). The'node b 26 has
a single site controller (SC) 30 associated with either a single (shown in Figure 1)
or multiple base stations 28. A Group of node bs 26, 32, 34 is connected to a radio
network controller (RNC) 36. To -transfer communications between RNCs 36-40,

[ an interface between the RNCs (IUR) 42 is utilized. Each RNC }6-40 is connected
to a mobile switching center (MSC) 44 which in turn is connected to the- core
network 46.

To communicate within the system 18, many types of communication
channels are used, such as dedicated, shared and common. Dedicated channels
transfer data between a node b 26 and a particular UE 20-24. Common and shared

channels are used by multiple UEs 20-24 or users. All of these channels carry a

variety of data including traffic, control and signaling data.



‘Page 2 Since shared and conmon channels carry data for different users, data
| 3:.sent using protocol . data units (PDUs) or packets, As shown_in Figure 2,
to regulate the flow of data fromdifferi ng sources 48-52 Pagad a channel

56, a controller 54 is used. One compn channel -used for transmtting data
to the UEs 20-24 is the forward access commn channel (EACH) 58. As shown
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20- 24. The EACH 58 carriers several data types fromvarious sources, such

as a consing protocalldatiramiee(PIITE0H) packett. as sitbwniv- Fogureahdotrdsgﬂfateqhehannel
( DCCH and DTCH) and a downl i nk and uplink share channel (DSCH and USCH)

contr ol CH 58 al s tries ,cont out pf band,
Souh” o TR dalfrafiifrfenng sonrcts i S int R ctdyel v cetistlsl 34 48 e |
transmtted via the IUR 62 from ot her RNCs 38-40, such as CCCH, DCCH, DTCH

and H ARQ conDhélcog@then cHanhelugserlofdr’ @hisehisting eatss &yl iy UR 200943 i36theo
control the flow of data. A radio link controller (RLC) 64 handl es the

CCCH. The dedi cat ed nedi um acce ol I\/AC— 66 ndl es DCCH,
the DTCHOAWArdaFRESHERMBION S Ffﬁiﬂ@eﬁlqﬁ 5[§na*$ﬁg> ITh‘b ﬁé@%ﬁmggcess
controller (MAC-sh) 68 handles the DSCH, USCH control signaling and out of

band H A&@%ﬁxq&zsnﬁla RN@:% bR is $les @lldded 29@4 féﬁ%iraésg GaddpRisGiOATRA medi um
access controller (MAC-c) 60. Due to the nultiple sources of data 48-52 that

can be transmtted over commpn 4shar ed channel, the channel controllers
54_queuesprgad apEGIR istgna{ tp the UEs 20-2 The FACH 58 carriers several data types
)

o from various sources, such as acommon control channel (CCCH), dedicated control
and traffic channel (DCCH and DTCH), and a downlink and uplink share channel
(DSCH ahd USCH) control signaling. The FACH 58 also carries control signaling
out of band, such as hybrid automatic repeat request (H-ARQ), and similar data
transmitted via the TUR 62 from other RNCs 38-40, such as CCCH, DCCH, DTCH
and H-ARQ control data.
Various controllers are used by the RNC 36 to control the flow of data. A
) radio link controller (RLC) 64 handles the CCCH. The dedicated medium access
controller (MAC-d) 66 handles the DCCH, the DTCH and some out of band H-ARQ
signaling. The shared medium access controller (MAC-sh) 638 handles the DSCH,
USCH control signaling and out of band H-ARQ control signaling. Controlling the
FACH 58 is the common medium access controller (MAC-c) 60.
Due to the multiple sources of data 48-52 that can. be transmitted over a

common or shared channel, the channel controllers 54 queue the data prior to

transmission. If a large backlog deveiops in the queue, data in the queue develops



‘transm ssion. If a |large backl og devel ops in the queue, data in the queue
devel ops Page 3 a latency. A large |atency of certain data such .as control
data will result in the failure of a channel. To alleviaf@8&Ris problem .
the prior art either flushed the queue to reduce congestion or rerouted the
data. Flushing the queue results in the loss of data and -requires

= aLbIEREY.of Igtenatencyaliiertin dag et anaoan et i el ebefelse ot rng
congestion. WD 96/ 08935 discloses a prioritization schene for a GSM system
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common channel. The data packets are séent over the comon channel based on

t hei r@i)ri ority. US. Patent No. 5,802, 6 310 discloses a systemfor data queue
cont Feflugercangestiemornirertod thadatao Hlusidagdhe quenaresudisrindhe toss ofdate for a
channel . The queue is disabled when the amobunt of queued data is greater

t han_t first ljmt d the. i S. bl gd the a t of d
dat a3nd Teablreh gl BhtulRton, WieBdR eSicRRRo BEmiitiny 1R AR aReubl ™ Cduce
the | atency of data for shared and cormon channels wi thout the probl ens
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sources is received at a controller associated wth the nultiuser annel .
Each packet of the packet data is prioritized based on in part the
r er owoalgesiion. of a class of data types. Each packet is schedul ed for

transm ssion over the nultiuser channel based on in part the prioritization.
A) WO 96/08935 discloses a prioritization scheme for a GSM system. Different

4 types of packets are given a priority for transmission overa common channel. The
data packets are sent over the common channel based on their priority.

U.S. Patent No. 5,802,310 discloses a system for data queue 'conFrol in a
communications network. Data is transferred to a queue for a channel. The queﬁc
is disabled when the amount of queued data is greater than the first limit and the
queue is enabled when the amount of queued data is less than a second threshold.

9 According, it is desirable to reduce the latency of data for shared and common

- channels without the problems associated with the prior art.

SUMMARY
Packet data from a plurality of sources is recci.ved at a controller associated
with the multiuser channd. Each packet of the packet data is prioritized based on
in part the reroutability of a class of data types. Each packet is scheduled for
transmission over the multiuser channel based on in part the prioritization. A

backlog of packet data queued is tracked for transfer over the multiuser channel.



* 'backl og of packet data queued is tracked for transfer over the multiuser
channel . Page 4 Based on in part the tracked queue, the flow of data from
each data source is linited. BRI EF DESCRI PTI ON OF THE DRAReEEY Fi gure 1 is a
sinplified illustration of a wireless spread spectrum comunication system
Figure 2 is an illustration of data flowing into a comon or shared channel .

Fi j i into,a CHchan w.thin a
RN%.EE%@%bZn Bgn:tééanakg({l ﬂg‘?r“g*tq‘gﬁf"%’ Bga"%'kgp %ﬁl%@ SOURENE. “F‘ftﬁGr e5is a
prioritization schenme for use with a FACH channel . Figure 6 depicts a .
reservation nmechani smused with a cormmon or shared channel. Figure 7
depicts data source wi ndows used with a common or shared channel. DETAILED
DESCRIPTION OF T PREFERRED |_VENTS Data rioritization 70 is used to
reduce datalate%l-:xf-flF IEESE—I %k/gﬁ @S 54 as illustrated in
Figure 4. For a particular common or shared channel certai n data nust be
transmtt tsh h d: r 'mandat ory" 88.

Q her data uggprlerﬁérgbgﬁﬁéhﬁ@ 111 e %ﬁtquual k\?“fek%# §IP?%U’( g%’é“ rer out ed
to anot her channel, such as a dedr cated channel. This data is ref erred to as

! be@bnﬁhﬁniddtio@ﬂsys&imce "mandatory" data 88 is not reroutable, it takes
priority over "best effort" data 90.

Figure 2 is an illustration of data flowing into a common or shared channel.

3 Figure 3 is an illustration of data flowing info a FACH channel within a
N RINC.
Figure 4 is an illustration of a prioritization scheme.
Figure 5 is a prioritization scheme for use with a FACH channel.

Figure 6 depicts a reservation mechanism used with a common or shared

channel.

Figure 7 depicts data source windows used with a common or shared channel.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Data prioritization 70 is used to reduce data latency in a muiti.user channel
controller 54 as illustrated in Figure 4. For a particular common or shared channel,
certain data must be transmitfed on that channel and is shown in the figure as
"rnandatory" 88. Other data is preferably seat on the particular channel but may be
rerouted to another channel, such as a dedicated channel. This datais referred to as
"best effort" 90. Since "mandatory” data 88 is not reroutable, it takes priority.over

"besteffort" data 90.



"Page 5 15 The type of the data within a packet, such as control 96, =~ —
signaling 98 and traffic data 100, .is also used for prioritization. To .
acconpl i sh.prioritization of the data type, control 96 arftRg€iynal i ng' 98
data packets are separated fromtraffic data- packets 100. One approach to

15separ ati ng The tppe kéthe datat withimapasket, lsach datantrph&6, panlating Xoaed her pri or
to reception at the controller 54. Alternately, packets sent by each

h ' : i he . I 54 ar. id i fl
dent 1l Biar R 5B 188 Rtk BRI, TRacctmblisn P afigliedufay T the
transfer of control 96 or signaling 98 data results in a frozen channel,

cont r olda@6typadeaitgrled 6 agd 9Rndiihg 98 datgipackets ahd sdyearatedr firori tryffiddatat r af fi c
data 100. Additionally, data associated with nultiple users, comobn or

h d 92, h i gh Lority th ta . for. i ngle.u ., dedi cated 94.
The. daPackstr 4007 Jaf PBhrBEhdhseberaiifg BEPRKE it \oiereim B eliEor t he
muttiuser channel's controller. During periods of high congestion, data is

rer out gfickérs @ ghechadmel recdpitat thd cohgolérd $14.1 AerithtelOpadknts st dy best
effort dedicated traffic data is rerouted and nandatory comon control data

I's not. By rerouting data prjor to queuing, _retransn ssions wll not be
requi r 3¢h A5aBREH aagy to rrePARBUPY the Cangeﬂ%r S ipsovided wuh 2 o)t ng in
| ower data | atency. Additionally, since the rerouted data is never queued,

the dupldkg@fiboiddatip! e PacReeeddtd ] in the prior art is elimnated. A
prioritization scheme 72 for use wwth a FACH 58 is shown in Figure S. Since

t he DSCH, H- éRQ of the MAC-sh-have nmandatory shared control_ data, the
D) ince a prolonged delay in the transfer ofy control 86 or stlgnalmg 53 data Y

results in a frozen channel, control 96 and signaling 98 data are given a higher
priority than traffic data 100. Additionally, data associated with multiple users,
common or shared 92, has a higher priority than data for a single user, dedicated 94.

The data prioritization scheme is typically stored in the software of the multiuser

channel's controller.
During periods of high congestion, data is rerouted to other channels based
on its priority 70. For instance, best effort dedicated traffic data is rerouted and
mandatory common control data is not. By rerouting data prior to queuing,
retransmissions will not be required. Accordingly, the amount of queued data is
reduced resulting in lower data latency. Additionally, since the rerouted datais never
queued, the duplication of data as experienced in the prior art is eliminated. -
A prioritization scheme 72 for use with a FACH 58 is shown in Figure S.
Since the DSCH, H-ARQ of the MAC-sh have mandatory shared control data, they
have the highest priority, highest. Although the H-ARQ of the MAC-d has

mandatory control data, being dedicated it is assigned a slightly lower priority, high.



~ have the highest priority, highest. Although tfhe H ARQ of the MAC-d has
mandatory -control data, being dedicated it is assigned a slightly |ower
pri or| ty, hi gh Page 6 The CCCH and DCCH are used for si gnPape s and have the

next le .o, medi u The | owest | evel of priority is :assi gned to
the DT ecad)% angd Ihgjg%«%? USQ forsigralingandbave dié nexdiaval offpribeigy, i tate
this prioritization scheme 72 for the FACH 58, nodifications to t he RNC 36

are requhedidm. AFhs howestilavel efsgordy it A 66 con
DCCH, DTCH and MAC-d's H-ARQWAS sh Smgﬁlﬁﬁé%ouﬁ{ee TG g’ﬁc%‘fset‘ﬁbéé e%tour ces

has a didffgf 8 ince this data is nmultiplexed prior to
pri orltlzatlfo%algmz’gpq%@é -d 66, the multiplexer of the MACd 66 i s noved
to the MAC-c 60 to allow prioritization at the MAC-c 60. Alternatively, the

MAC-d 66 may Befatilitaee this paoiitivaesttschanssA IO Bestseffort), such
as by a flag or |dent|f|e!r) of each packetm?ﬁ€§g% @@a% 0for

prioriti t he |VAC—C 60. The data controlled by the RLC 64 and the
MAC- sh é@#&\?@ %tﬁfgl regiirgdi As sheavmiachieaired, yhe priet ataVI ACQLGE €5

ntrols
nodi fication. Using the stored priority list, the data fromthe various

sour ces the BCEEHUDTCH andiN@E | n ur i n peri ods of high
congesti on. Anot her techni que {‘Hos'rsﬁrlgg |%\g§§{?%ﬁs Edéyl‘% » §a¢h ofthese may be

comnbi necL V\é[ E :,C@ﬁjtl zatjon is to control the flow of data betvveen t he
vari ous "9 ck'la CHNC PEYSYH: Pincritlyigidatasis raukiphechd priver iAokt 1S

used to regul ate the data entering thecogmon or shared channel 56. The
S‘?ged“' ' DRI RIARGSE] thé TRAKRIEEE oPBEMAC-d 66 is moved to the MAC-c 60 to

allow prioritization at the MAC-c 60. Alternatively, the MAC-d 66 may send the

| priority and class (mandatory or best effort), such as by a flag or identifier, of each
packet of the multiplexed data for prioritization at the MAC-c 60. The data
éontrolled by the RL.C 64 and the MAC-sh 68 have equal priority and accordingly,
neither requires modification. Using the stored priority list, the data from the various
sources is scheduled for transmission and rerouted during periods .of high
congestion.

Another technique for reducing the latency of data which may be combined
with prioritization is to control the flow of data between the various controllers. As
shown in Figure 6, a scheduling mechanism 74 is used to regulate the data entering
the common or shared channel 56. The scheduling mechanism 74 tracks the backlog
of data in the controller's queue. If the mechanism 74 recognizes congestion and that
the data will not be tranémitted in a certain period of time, access to the channel 56
limits the flow of data from the individual data sources. The individual sources will

recognize the need to reroute data or to not attempt transmission. Using a flow



‘of data in the controller's queue. |If thé mechani'sm 74 recogni zes congestii on
and that the data will- not be transmitted in a certain period of tine,
~access to the channel 56 limts the flow of data fromthepPageyvidual data
sources., The indivi dual , .11 _recognize the need to reroute data or
to no?o‘la‘f(iqéﬂ?ﬁhaﬂsé%g’ﬁﬁ?‘sas? ‘gg&f'i@%a%dm 2), thedatenoy ofisighalmgsm wi th a
FACH, MAC and RLC (Layer 2), the latency of signaling is decreased thus

i ncr egsdetgeastd iaiscineieasibg ¢ffieieaiay. t he nonopol i zation of the conmon or shared
channel 56 by one data source 48-52 variable w ndows 76-86 nmaybe used as
shown in Figure 7. Fach data source 48-52 has a window or nultiple w ndows
76-86 of odPRIENHIHEC HANPRO Za&lmogl%@omn pf shaseg shpsinelerp byrpae si ze of
the window 76 is based on the requirenents of the specific source. The

Wi ndoyatéGouscediB18Pivaahblk vigld -§ ?ﬁf@@&’a t ahiabl Hity of the
queue. As the availability o?ﬁsﬁg gﬁg}\ie I ncredgasggy,}ﬁntqﬁghg??ébgwt he

W ndO\qu increa2§% v@i&ch i ncreases the nunber of outstanding packets.

Conve 8 SPureEAdne hasa Wslaw oy mutipleawerdow @6 f6zef otitstanding datavis decr eases
whi ch decreases the nunber of outstanding packets. As a result of the

decre uelt i S el r e~Qr..s sendi,ng packets
to t hgﬁé\/a\,?ln(GZI:E)‘M"V\/SQQQi\llzvztstls't gﬁr{%fﬁﬁe?. imrféét%%gdbggt?leuggﬁ?%cggelsdg’&%gi §ﬂ ltiple
access_(CDVA) radiao network controhl er .( RNC) 4havi a. i um access

cont r raemealsa ot B Fhettn PRI e ib W6 Y BRaRiFRLY AR i ng a
flow control entity for the MAC-c/sh entify;

- response to the availability of the queue. As the availability of the channel increases,

the size of the windows increases which increases the number of outstanding
packets. Conversely, as the availability decreases, the size of the windows decreases
which decreases the number of outstanding packets. As a result of the decreased

windows, the data sources either reroute or stop sending packets to the windows.

* * *



controlling a flow of data through a forward access common channel (FACH)
by a plurality of sources by the flow control entity, permtting each source
>gfffi ed anount of data to buffer for transfer over the FACH, and :
ling the flow of the data for each source by the flp c?ntrol entity
Psponse to the specified anmobunt and an associ at ed priofﬁ?y of the data
@t hat source. 2. A code division nultiple access (CDVA) radi o network

troller (RNC) Ammethed forgusesinngode divigionamyltipla acesss € ) radio

ntrollj ar -C ent | aving. a flow conirql ;entity, the flow
ont rol g%@g c%glthﬁdc}ﬁg a(}frlbl(g?/v % lviﬁét agbyinggmg?ur%ﬁc?{sy %?nqg%lgefceé'.through'a_'j»
forward emtesiing/sharyd (MACHE$h)(ehfit tompsigialg: sour ce has a specified amount ‘of |}E
data that it is permtted to buffer for transfer gver the FACH the flow
control enti tRro¥iskeg 8iflov entrolaptisy fomthe MAL-c/shyentdiitin source in response to

the specified,3pRyithe A Ho@ o ERA 0SS B foPihid acths LBRntA Bniel! hat '

sour ce. _
(FACH) by a plurality of sources by the flow control entity;

¢
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permitting each source a specified amount of data to buffer for traﬁsfe:
over the FACH, and
controlling the flow of the data for each source by the flow control
entity in response to the specified amount and an associated priority of the
> data for that source.

2. A code division multiple access (CDMA) radio network controller
(RNC) comprising:

a medium access controller — controlling/shared (MAC-¢/sh) entity

- having a flow control entity, the flow control entity controls a flow of liata by

a plurality of sources through a forward access common channel (FACH), |
each source has a specified amount of data that it is permitted to buffer for
transfer over the FACH, the flow control entity controls the flow of the data
for each source in response to the specified amount and an associated lpr_iority'

of the data for that source.



