, DEe3esOts- (D6 Tt!' PRI ORI TI ZATI ON AND FLOW CONTROL OF A SPREAD SPECTRUM
~-MULTI USER CHANNEL BACKGROUND The invention generally relat estmmmmmmmm
used by nmultiple users in a wireless code division nultiple

spectrum system More specifically, the invention relates to a sysbgsm and
met hod of prioritizing and controlling the flow of data for common and
shared channels in a spread spectrumsystem Figure 1 illustr

‘sinmplified wireless spread spectrum code division multiple acammmmmmmlm
comuni cation system 18. A node b 26 within the system 18 conmmuni Ggh&s W th
associ at ed user equi pnent 20-24 (UE). The node b 26 has a single site
controller (SC) 30 assdRIQRITTHATHONAND ELOWMEIGNIRMIN in Figure 1) or

mul tiple base statiOQFA 88READ SRECTRUMAMUISTRASSERTCHANNELconnected to a
radio network controller (RNC) 36. To transfer conmunications between RNCs

36-40, an interface between the Rgggggkgﬁﬁpbéi is utilized. Each RNC 36-40
is connected to a nobile switchin ) 44 which in turnis
connected to the core network 46. To comrunicate within the system 18, nany
types of comruni cati on channels are used, such as dedi cated, shared and

conmon. Dedi cat'Eie ¢hvdhtionS géictaly Qelada! f BRANRES WBed Wentulidfleanddra in a

particul ar UE 20-24. Comon and shared channels are used by nmultiple UEs

20-24 or users. Al]l of .these channels carry a variety of data ingluding
Crattion cBieRss camudbiARPRHGP REeSs STt ekt Sart. AMeRCEIiEAnY -

carry data for different users, data is sent using protocol data units

(PDUs) or ghegkedmionAslatdyaron systebn and method of pragitiang ahd eohtreiingfthelfloa f rom
differing sources 48-52 into a channel 56, a controller 54 is used. One

comon chappel ed for transmtii,ng dat.a to the UEs 20-24 s the forward
sccess conmpnafinthuntion A WEkAd cBarBlR 4 shreftsptetyht pflen gy 'sg
originates in a RNC 36 and is sent to a node b 28-34 for wrel ess

transm ssi on asFiguer batustpees musimyilifiedl wirelashesprizl fec2rim Tode FACHIES
carriers several data types fromvarious sources, such as a common contr ol

2 downt i niapia AR F PR AT Bhufetiad et BB e S AP AR freitdhn The

FACH 58 al so carries control signaling out of band, such as hybrid

aut omat i ¢ 18 gemmumndgaies wilhHasspeipiedarsgr siwipnaant@-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 36-40 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.



transmtted via the ILTR 62 from ot her 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. Aradio link controller (RLC) 64 handles the
CCCH. The dedi cated nedi um access controller (MAC-d) 66 handl es t he DCCH,
the DTCH and sone out of band H ARQ signaling. The shared nmedi um access
controller (MAC-sh) 68 handles the DSCH, USCH control signaling and out of

“band H ARQ cont rsxhcégmed Wcoﬁﬁ{wdﬂahhagc dﬁﬁ%r affférent i@ rs AAT8 sémdi um
access controller (MAC-c) 60. Due to the iple sources of data 48-52

that can be transm tted over sh ed chan , e chanpe
cont rol | er sUsag praipeeldata f%&ﬁﬁ?%twc{(%n%ﬁ W gllge a‘rogr@ng’éfkﬂl?g
devel ops in the queue, data in the queue devel ops -2 a latency. A large

latency of fiewicfidatdifibm diefbingSoarses ¥8L5Tit@a vhhnel 864 tontiolldteS 4 Rivsede of
a channel. To alleviate this probl em the prior art either flushed the

gueue to reduce estion routed the data. Fl ushi e results
T the: 1oss of - dang tamumpn shanedl Vb ign SAnsarbRE, At R0 B S 20r 5 Fs e
Rerouting data al ready queued creates a duplication of data within the

system and figeard aéceseseuntdhanal (FACH) §9nagshown.in Wik@ked 9388 PATHESses
a prioritization scheme for a GSMsystem Different types of packets are

given a priority far on over a annel. The dat a. packets
o 6 sent "ovaHEVHESIBATONCol AL SAL G 0% Ravro b RETOPITeless BRasisioBra® fo
S, 802, 310 discloses a systemfor data queue control in a comunications

net wor k. Daspread specamsi sighabkotthe FEp20+24f The F ADHB8tarridiseseteeil datastypes
di sabl ed when the anmobunt of queued data is greater than the first II1mt and

L eohol d. - RBBbFAoHs oM< G ar R Binein AT En T CRCHREGedsP R RaRRR ™

shared and common channel s without the problens associated with the prior
art. SUMWARMdPaakfid claamal {IDEGCHapd DBECH),yandfa downlirk and updiakishert eianael
controll er associated with the nultiuser channel. Each packet of the packet

Cypes. EnchCparEbtd LSttt sEiblipaTokFeRriT8 ) andles ol eRb it e

based on in part the prioritization. A backlog of packet data queued is
tracked foront ahbhed, sibrast hgbridihuionsatic repaairrequestIH-ARQ), and similar data

transmitted via the ITUR 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 a
common or shared channel, the channel controllers 54 queue the data prior to

transmission. If a large backlog develops in the queue, data in the queue develops
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B ased on in part the tracked queue, the flow of data from each data source
-is limted. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a sinplified
illustration of a wirel ess spread spectrum comruni cati on system Figure 2

is an illustration of data flowing into a common or shared channel. Figure
3is an illustration of data flowng into a FACH channel within a RNC
“Figure 4 is an illustration of a prioritization schene. Figure 5 is a

prioriti i S e ) - F -2k p :

Feser vart e 1A NEEE 1oBhel 3P el hud 008 S GRL o) IS RINEIAR e
depicts data source wi ndows used with a cormon or shared channel. DETAILED
DESCRI PTofoal chaniick PleEalidvrER HiBODMENT, ShBgiriompait @ither Aushed the queustol t o
reduce data latency in a nmultiuser channel controller 54 as illustrated in

Figure 4. For a particular co n .0 ar.ed annel . certain data be
{r ansni ¢ todu s cOnBaRIR Ao SRR 0Rla, SRR APEe réTib T tph RS ol

QO her data is preferably sent on the particular channel but may be rerouted
t o anot hgiid eEquin&d retfdiRmission WRidhciatiailiegliablee! Refdlitingldhen alked®f qneged t o
as "best effort” 90. Since "mandatory” data 88 is not reroutable, it takes
priority over "best effort” data, 90. -4 1 S The type of the data within a
packet , ~ if@fesad duphicaipngy, dafagrihim thesysdera QIKEﬂPP% ng4 rgsalye, theexisting used
for prioritization. To acconplish prioritization of the data type, control
96 and si.gp §tf3ﬂ\r198 data packets are separated fromtraffic data packets
100. One approach to separating the packets is to group sinilar data type
packets together prior to reception at the controller 54. Alternately,
packets sent BY(x96/0898arhstloges opriontizaitepschemeiontheSMsysen.eDiffarent e
provided with a flag or identifier indicating the packets' data type. Since

Febul t o THPS IRt MARIUPR A G oB i Bveh g S ahindR AnRL "Te
hi gher priority than traffic data 100. Additionally, data associated with

nul ti pl e dasepacketoardsemtiovehdiedonomakamndlibabed oprtheir piyotiyan data for a
singl e user, dedicated 94.

U.S. Patent No. 5,802,310 discloses a system for data queue control in a
communications network. Data is transferred to a queue for a channel. The queue
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.
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 received at a controller associated
with the multiuser channel. 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.
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The data prioritization schene 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 nmandat ory conmon control data
is not. By rerouting data prior to queuing, retransm ssions wll not be
requi red. Accordingly, the amount of queued data is reduced resulting in

| over  qaidlcafififHart thedeickie@Rilel¥, theifl® dfidatd fbaYEssh &'ﬁh%oh?cfé‘ﬁﬂﬁﬁitgﬁ'eued’
the duplication of data as experienced in the prior art is elinmnated. 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 nmandatory shared control data, they have
t he highest priority, highest. Al though the H ARQ of the MAC-d has

mandat ory control d ; i ' it { slightly | ower
priority, high. -5 %%@gm@wﬁl@%@m% i ng and have the
next level of priority, nmedium The |owest |level of priority is assigned to
t he DTCH becRigmei t1 hasabsanpkfiedr illuktrhitat esf tar abirelesdaspreato spacirhin at e
this prioritization schene 72 for the FACH 58, nodifications to the RNC 36
are required. .As. shown in Figure 3, the prior art MAC-d 66 controls the
DCCH, -%yséerpl:ARQ. As shown in Figure 5, each of these sources
has a different priority. Since this data is nmultiplexed prior to
prioritizati Fipate 2 ieadffugtrfifon dhéatafldwiigees adoni®n\iGHAré® channaglved 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_hest effort), such
as by a flagFiguresdrisian dlustationmeh dgtklowvisg inte antinGH)| diasmed ytithinog
prioritization at the MAC-c 60. The data controlled by the RLC 64 and the
MAC- sh @ave equal priority and accordingly, neither requires

nodi ficatl on. Using the stored priority list, the data fromthe various
sources is scheduled for transm ssion and rerouted during periods of high
congesti on. Nigwhed is anhHisfuatidwof aquieiinzatiorestlatmecy of data which may be
conbined with prioritizationis to control the flow of data between the
vari ous contr : : d i %15 Aggb anism74 is
used to regullgggﬁéﬁésd Pg’ﬁg\r%?telérn?%(g{t e?ogglmﬁlg? sha?lre]%lc gﬂnel 56. The
schedul i ng nechani snv4 tracks the backlog, of data . in the controller's
queue. |f t hdIBBEHQriiepisty & reseyghpn aBCHBREER Userh Wilia oemmen©rghasedni | | not
be transmtted in a certain period of tine, access to the channel 56

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 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 particular 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.



limts the flow of data from'the individial data sourcés. The indi vi dual
-sources Wil recognize the need to reroute data or to not attenpt

transm ssion. Using a-flow -6 control nmechanismwith a FACH MAC and RLC
(Layer 2), the latency of signaling is decreased thus increasing

efficiency. To prevent fhe ponopalization of the co or. shared channel
561by one dataﬁ!ﬁh%’@ ofgthsdaja Widun @ W&Sb\ﬁé‘cb@fﬁ@@nmggeswé ngd8 in

Figure 7. Each data source 48-52 has a w ndow or multiple w ndows 76-86 of
out st andi ng,fgatdat 10018 alieLu@d R briokitizative! Toldc8mplisk piofitizafioh BE (¥ ndow
76 is based on the requirenents of the specific soufce. The window 76 is
dynam cal ly adjusted in_ response _to e avai|ability of the queue. t he
avai | abi | ig‘*}ﬁaé}’P% rentRb AR @nd; %rraéu@eéi? d?‘ﬁé’%l‘%‘é 2% SenraeisdeRmera e ks oo
whi ch increases the nunber of outstanding packets. Conversely, as the

avai | abi | i packdec16@seme dppeo&dtz®® Rpatdigthdgavketd acioendep sivilahdg@aypases
t he nunber” of outstandi ng packets. "As a result of the decreased w ndows,

t he data sour.ces either .reroute or st sendj n ackets to the w ndows.
LR Ve ThaBiIeTogphag Pt i tecapm P cRaralrsd K i Ems!y kel by | ng
packet data fromnultiple types of data sources (48-52), including data

sour ces (48adh2¢hdimel peiok @6 adt@lch BatiRe 208trdRéRS4 Que pesvidéd-bizh ahAxg g
non-reroutable data, the multiple types of data sources (48-52) flow ng

into a nultjuser channel (56) in a wreless spread spectrum code division
mul tiple ab(i?é‘é‘geEHPfﬁﬁé?ﬂ%ﬁ ed%‘?‘%?@t‘%‘f‘ "YRfe mechani sm (74) characterized by:
a queue (54) associated with the nultiuser channel (56) having an i nput

configured to r8tweve proloageddepycinethedednafdrrafneantill Wréabr signalingf8adataur ce
gueues (48-52), the multiuser channel queue (54) outputting the received

packet dat a.ofs i %%H%%%%@%B&K%o gphid UBehlif wa%%@ggivw% ﬂgpgﬁl Ity

of data source queues eac ata sourte queue uni qu
associated with each data source (48-52) and having an input configured to
recei ve datprieimhandtraféigedasa 4 09at Addoinnely( detaspyociagdhwithtmubiple teergueue
(48-52) capable of varying its capacity; and wherein the varying capacity

of each datg, nG§ sHRUD A 48s §ﬁ%lﬁgﬁﬁg§§u@%§§%§%r bRiRAE bis@' d@icated 94.

avai lability of the multiuser c

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 data is 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.



2. The nmechanism (74) of claim 1l further characterized by the varying
-capacity of each data source queue (48-52) decreases as the nultiuser
channel availability increases and i ncreases as the nmultiuser channel
-availability decreases. 1 .AF;r. A .A&HF_. AS3_. AY_. Al ,L. A@®. AFI TDl aL7yp U
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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
controlled 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 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
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the queue that it is permitted. The size of the window 76 is based on the

requirements of the specific source. The window 76 is dynamically adjusted in
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.

* * *
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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.



