2 Page 1 of 8 PRI ORI TIZATI ON AND FLOW CONTROL OF A SPREAD SPECTRUM MULTI USER
CHANNEL BACKGROUND The invention generally relates to chanlpgggutgem by
multiple users in a wireless code division nmultiple access spread spectrum
system Mbre specifically, the invention relates to a system and nethod of
prioritizing and controlling the flow of data for comon and shared
channels in a spread spectrumsystem Figure 1 illustrates a sinplified
wirel ess spread spectrum code division nultiple access (CDVA) communi cation
system 18. A node b 26 vvlthln t he system lﬁﬁ q&m vvith associ at ed
user equi pment 20- 24 ( BB leZ)“ﬁU&ﬁ‘] Q N;gf ite controller (SO
30 associ ated Wth@FWSPR&EA&D@EC’(FﬂHMMUL’H@SE& HANNEI tipl e base

stations 28. A G oup of node bs 26, 32, 34 is connected to a radio network

controller (RNC) 36. To transfer @W@ HheAs between RNCs 36-40, an

interface between the RNCs (I UR) ' d. - 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 comunication

tCPZRQ]?Lf are ugg%\é@ %gloﬁr;g %Jaggt fhies W3 Hdnd &Q:'EI‘TB .mERIPIC ased whannel s

dat a

a particula 0- 24 Commn and
shared channels are used by nulti pI e UEs 20-24 or users &
channel s cairelesacodadivesipnahultipiaacaess spricad spc@tmmc,sys@ammre aﬁ‘éFl £ I i ng
dat a. -

the invention relates to a system and method of prioritizing and controlling the flow
O of data for common and shared channels in a spread spectrum system.
| Figure 1 illustrates a simplified wireless spread spectrum code division
multiple access (CDMA) communicatién system 18. A nodeb 26 within the system
18 communicates with associated user equipment 20-24 (UE). The node b 26 has
a single site controller (SC) 3;0 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 (TUR) 42 is utilized. EachRNC 3_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 comnunication
channels are used, such as dedicated, shared ﬁnd 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 chanqels carry a

variety of data including traffic, control and signaling data.




: Page, 2 of 8 Since shared and common channels carry data for different

*.users, data is sent using protocol data units (PDUs) or packepgee Agfghown in

" Figure 2, to regulate the flow of data fromdiffering sources 518-52 into a
channel 56, a controller 54 is used. One conmmon. channel used for

. transmtting data to the UEs 20-24 is the forward access comon channel

(FACH) 58. As siggnee shardd and eor@monshaiA€lslcaly datd @ different useas, /i€ B&eand i s
sent to a node b 28-34 for wireless transm ssion as a spread spectrum

signal to the UEs 20-24. The 58 carrijer,s several data,types ,frgom

vari ous soUSdEProLQRoh a@%t&%ﬁf’ﬁfswrﬁqc Ftscmw?%qre&eﬁf%“éﬂeg%ﬁt r ol
and traffic channel (DCCH and DTCH), and a downlink and uplink share channel
(DSCH and [fr O fiFf PRk sBrcesA8-57{db a&hahsel SeacoRtolens4 o used.

si gnal i ng 'f’@ﬁbg@&%aﬁrrﬂn sucEi gs hybri d automatic repeat request (H ARQ, and
simlar data transmtted via the IUR 62 from other RNCs 38-40 C

( h as
CCCH, DCCH, DTCHDnawmdmizagirohannelraseddtor drangamitings dat@rior tiel UEs 20 d§ége by

the RNC 36 to control the flow of data. A radio link controller (RLC) 64
handl es th
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access controller (MAC-sh) 68 handles the DSCH,  USCH control signaling and

out of bandykpiARRSGARRNC 36 endis st tCamode bl 28+34tfbe wifeEs thBisistoe as amon

medi um access controller (MAG-c) 60. Due to the nultiple sources of data

S I el o BE RS2 e PACIT 8B LnflE 08 411G AT
Q from various sources, such as a common control channel (CCCH), dedicated control

and traffic channel (DCCH and DTCH), and a downlink and uplink share channel

(DSCH and 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) 68 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 2

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

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




.transmssion. If a |large backlog develops in the queue, data in the queue
* develops Page 3 of 8 a latency. A large latency of certain dals‘.%esygpgas

" control data will result in the failure of a channel. To alleviate this
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

requireg 15%}1&?{‘ ?ﬁ-ﬁ%& }Hﬂ?l’ﬂé(}/ &ﬁbeir&jﬁ adesduchbistontrRilAata Rdileaswl il teddilugsieued
creates a dupticatidn o ata wthin the system and does not resol ve the

exi sting congestion. WO 96/08935 discloses a prioritization schene for a
GSM sysofm ChafmelenTo allewéstecthipposblem, dhe pricreacteigrardiushed die quews #9 ssi on

over a common channel. The data packets are sent over the conmmobn channel
based-on their priority. U S.  Patent . 9,8 310 di sclipse S or
dat a quégéu%ﬁ@agfpstméreewﬁdﬁﬁ%ﬁafiaoﬁ‘ﬁw@hagﬁﬁ d0BuE rE BRI RE SIS )
gqueue for a channel. The queue is disabled when the anount of queued data

is greater he LSt -l m by t Rer&H Hg%t% ad ,@%Pnt of
gueued ﬂda}@lf%gs@@aﬁgﬁﬁ%glé@(%kﬁgﬂﬁﬁres eg gE}@Agcérgl?n , It F? dgs rable to
reduce the latency of data for shared and common channels w thout the

pr obl enscraageca duplicatibh dfhdatarwithiratie syBitbidend deeskeat raotvd thenexisting
plurality of sources is received at a controller associated wth the

mul tiuser channel. Each packet of the packet data is prioritized based on
in part tomgesdroout ability of a class of data types. Each packet is schedul ed
for transm ssion over the multiuser chan nel based on in part the

prioritizati ORNC%G/O_S%S discloses a prioritization scheme for a GSM system. Different |
) types of packets are given a priority for transmission over a 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 fpr data qﬁeue control in a
communications network. Data is transferred to a queue for a channel. The queue
1s disable& 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.
According, it is desirable to reduce the latency of data for shared and common

i ; . N .
) channels without the problems associated with the prior art.

SUMMARY
Packet data from a plurality of sources is rccci.vcd at a controller associatéd
with the multiuser channgl. Each packet of the packet data is prioritized based on
in part the reroutability of a class of data types. Each packet 1s 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 dat.a queued is tracked for transfer over the nultiuser

channel . Page 4 of 8 "Based on in part the tracked queue, th%&ﬂﬁ%@ dat a
fromeach data source is limted. BRI EF DESCRI PTION OF THE Fi gure

lis asinplified illustration of a wirel ess spread spectrum conmmrunicati on
system Figure 2 is an illustration of data flowng into a common or shared

channeBaceFbQiH fasd the trabked qusie,ahe flovbf datefrbhovachpdatatsouaceidhnitbdnnel
withina s RNC. Figure 4 is an illustration of a prioritization scheme.
Figure 5is a prioritization schene for use with a FACH channel. Figure 6
depicts a reservation nmechanismused with a cormon or shared channel.
Figure 7 depicts data source wi ndows used with a conmon or shared channel.
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illustrated in Figure 4. For a particular conmmon or shared channel, certain

data must baubhags tifed Shnplified CIAMIAIGGHIGLE % shitetessn sphead i spoctrum
"mandat or y" . Other data is preferably sent on the particul ar channel but
may be rerouted to another channel, such as a dedicated channel. This data

_is ref gommnuncation Syséem. ef fort™ 90. Since "mandatory" data 88 is not
reroutable, it takes priority over :

Figure 2 is an illustration of data flowing into a common or shared channel.
Figure 3 is an illustration of data flowing into a FACH channel within a
) RNC
Figure 4 is an illustration of a pﬁoﬁtization scheme.
Figure 5 is a prioritization scheme for use with a F_ACH channel.
Figure 6 depicts a reservation mechanism used with a common or shared

channel.

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

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

“best effort" data 90.




o best' effort” .data 90. Page 5 of 8 15 The _t'y}pe of t'he_.-data wthin a packet,
- such as control 96, signaling 98 and traffic data 100, .is als aéésfg &o'r :
" prioritization. To .acconplish prioritization of the data type,®°cCo0 [ ol 96

and si gnaling 98 data packets are separated fromtraffic datay 100.
Ob& approach t Ehedppe afithg dateW [Ik@t%ac&t’ sclyas &B“gpkbgaﬁlgﬁﬁpﬁgﬁ)%gﬁ&
packets together prior to reception at the controller 54. Alternately,
.packets sen eg(ﬁp L BFioki Pt le'lﬁﬁgﬁwmrz@tibﬁrofﬁﬁeare
provi ded 5&4"?\%&?’1 g ’éggﬁigggﬁtdﬁplk @F‘Oﬁﬁéf‘%‘fiﬁgq‘?ﬁe alck ts' data type. Since

a prolonged delay in the transfer of control 96 or signaling 98 &_a%&
IHidan a

resul ts i data fypezeonwobdhand sigmaling 9D datarpuckegras separaddzom &2
hi gher priority than traffic data 100. Additionally, data associated with

mul tiple users, omaon or shared 9 | £ ale i tvyef Or a
si ngl e usd}a,c{(@ltéd‘i@a@eé‘ﬂpm [Oﬁpéf%&\%oﬁp?tpgggggésn%gﬁgjr?ééipgﬁ?ygig%ﬁ Iey‘ _
stored in the software of the multiuser channel's controller. Durin

periods of, g3 16 pEGRE plibAto Litkption at die@ohedllenSbt Aénem&takymgaskd@&s@ﬁ%mn its
priority 7% For T'nstance, best effort dedicated traffic data is rerouted

and mandatory compn control data. is not. By rerouting. dat | Ol 1.0 :
queui ng, ¢ashrchasmel PrERJOHEFEPHM bb’e[hPé'(ﬁ\E‘FPﬁﬂ? %ﬂcil:tSrQﬁ%Hﬁ Wm‘legzgl ARt of
gqueued data is reduced resulting in lower data |latency. Additionally, since

the rerout gc%ngﬁ{e?iljlcﬁc rgfhe W&ddahﬂﬁjgypl i cation of data as experienced
r

in the pri I's elimnated. A priofitization scheme 72 for use with a
FACH 58 is shown in Figure 5.

Since a prolonged delay in the transfer of control 96 or signaling 98 data
j 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 fpr 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 lowerdata 1atency. Additionally, éince 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.




Since the DSCH, . H ARQ of the MAC-sh have mandatory shared control " data,
“they, "have the highest priority, highest. Al though-the HARQ’a%te éﬁ]e MAC- d
has -mandatory control ~data,- being dedicated it is assigned a slig _-t?y' | ower

priority, megnhcd?ﬁaﬁd@)@t}ﬁareTﬁ&cg‘é@g'%{mh gﬂn?ﬂq '&ﬂgﬂ, and
have the next | evel of priority, ne |1 m . e ?\Aﬁ%tﬂﬁﬁegﬂ:}{eﬁ%% pr oér)llqg'y is
assigned to the DICH because it has best effort dedicated traffic data. To

faciI'i t at 8eHpB. pFhelawest deved of gatnsiiy iy assigred toetheAOHCEBbecmuse fif bast bests t o.
the RNC 36 are required. As shown in Figure 3, the prior art MAC-d 66

control s. oft}edENiEhled cagh MAG-d's HARQ As shown in Figure 5, -each of
these sources has a different priority. Since this data is nmultipl exed
prior to prioritization at the MAC-d 66, the nultiplexer of the MAC-d 66 is
nmoved to the MAD facBitatethis pitioutizatidmoschemeat fiom the FARH BBCrmd6fications to |
Alternatively, the MAC d 66 may send the priority and class (mandatory or

best efforf), s hy a kI r identifier f each et .of the
nul ti pl exéhgégggc'{&oﬁep?ﬁ}f'ﬁg'i ?%ﬁ?}?ﬁv Lin Figurgds the ggor ﬁmg 6@89’95[81%- ed by
the RLC 64 and the MAC-sh 68 have equal priority and accordingly, neither

requires nhdiDCCH, PTCHsinddMAEC-d¢ P aRQr iA showh liatFighhe Sdahéh bf eRedehe
various sources is scheduled for transm ssion and rerouted during periods

of high congestion. . Anot her.technjque for reducjng the |l atency of data
whi ch may E%Sﬁé&ﬁn%mtww% Sincedhisslata & multilexedprione premiizriat: o
bet ween the various controllers. As shown in Figure 6, a scheduling

mechant sm 2 neMAED 66, _trhg%llll?itp?ekgetf'%f % MACLE'E6E 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

controtled by the RLC 64 and the MAC-sh 68 have equal priority and accordingly,

-ncither 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 uscd fo regulate the data entering
the common or shared channel 56. The scheduling mechanism 74 tracks the backlo g
of data in the controller's queue. If the mechanism 74 recognizes congestion and that
the d.ata will not be transmitted 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




. the common or shared channel 56. The schedul i ng rechanism 74 tracks the
backl og' of data in the controller"s queue. If the mechani smgd  regpgni zes
congestion and that the data will not be transmtted in a cer% in-period of
tine, agpRES!hRchisisa@RalFACH, MACmdReCHLayel), te latdncyrofstgnalingi vi dual
data sources. The i1 ndividual sources will recognize the need to reroute
data or to not attenpt transm_ssjion. Using a flow Page 7of 8 control

mechani dedectensed thasncpeng #AlEcaCYLayer 2), the latency of signaling is
decreased thus increasing efficiency. To prevent the nonopolization of the
conmon or sh i geitR a6 R otShared etidrml 66 \Wyrsiens 76- 86
may be used :gsiﬁgvvﬁﬁ?ﬁé E?)gl? éllg&%lfnach data source 48-52 has a w ndow or

mul ti ple wi ndows 76-86 of outstanding data in the gueug E;hat i,?n)iés
per mi t t edata Ebercei4Be5diatittdewrindows 76-3Gmexbedisen 25 RROWRAREIZURE  BATE ¢ he

specific source. The window 76 is dynamcally adjusted in response to the

availability of t eue. As, th I 1.4 ' ¢ i es, 3
the sizedd@ Stol‘]‘éC‘?/\ﬁqﬁ' Sian‘&r@e%%grml éh@%ﬂcdfltg&sgiﬁ tgﬁlﬁél}ﬂ eflh})d Olth&Z['?andi ng
packets. Conversely, as the availability-decreases, the size of the w ndows
decr easeghe Wieah Macieds perbltediuier side ofitthe awdidaw paé ket kasedsom thesul t of
t he decrease w ndows, the data sources either reroute or stop sending

packets to the w nd . Orif winddWar6 iis dynamieally adjustedain
schedul i n@qmmt%m%g’@éﬁ@c@?‘?%l i ng packet data fromnultiple types

of data sources (48-52), including data sources (.48-5 havi ng.rerout abl e
data and response to the availability of the queue. As theavaﬁablhtyog Phe FUhRd ih&eRdtsE

3 the size of the windows increases which increases the number of outstanding

AN

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.

¥
* *




data sources (48-52) having non-reroutable data, the nmultiple types of data
" sources (48-52) flowing into a multiuser nnel (56) in a w_rel spread
spectrum code division nultiple acceséﬁé%mni cation syst emVpatheBeén'lsa%hani sm
(74) characterized by: a queue (54) associated with the nultiuser channel
(56) havi ngVhat is njsemedisnfi gured to receive inconming packet data froma
plurality of data source queues (48-52), the nultiuser channel queue (54)

outputting the recei VRChcﬁé&i{i@nF Madtanfsal (14)af0s rﬁbﬁﬁbmm%qsaekettm fromh thulsple
channel (56); the plurality of data source queues (76-86), each data source

76- 86 ' | At it h - (A8 '
an i mput contigll i St AERAEV BN AR SR P R E Mgt 1O
h dat 48- 52 bl f ' jt city; '
he vary| ngiasismer A 2bbisan HeeTa ol e deiae e AR ) Pl B BEER I AD |
part of an availability of the nultiuser channel queue (54). 2. The

mechani sm (fléhyingfinol aanoitilisérohamesd (88)dn actiesléssesgrday spémrunacydentvismapauitiple of
each data source queue (48-52) decreases as the multiuser channel

avai | abi | ity .dNehGANRSaRAy SRR, ARIAShafiSm! (h8) AtirddidtsRA byhannel availability

decr eases.

a queue (54) associated with the multiuser channel (56) having an input configured
to receive incoming packet data from a plurality of data source queues (48-52), the
multiuser channel queue (54) outputting the received packet data for transmission over the
multiuser channel (56);

the plurality of data source queues (76-86), each data source queue (76-86)
uniquely associated with each data source (48-52) and having an input configured to
receive data from that queue's data source (48-52), each data source queue (48-52) capable
of varying its capacity; and

wherein the varying capacity of each data source queue (48-52) changes based on

in part of an availability of the multiuser channel queue (54).

) 2. The mechanism (74) of claim 1 further characterized by the varying
capacity of each data source queue (48-52) decreases as the multiuser channel availability

increases and increases as the multiuser channel availability decreases.



