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CHANNEL ASSIGNMENT IN A SPREAD
SPECTRUM CDMA COMMUNICATION SYSTEM

BACKGROUND

The invention relates generally to resource allocation in a wireless code
division multiple access communication system. More specifically, the invention
relates to assigning uplink and downlink channels in response to access requests of
user equipment.

Figure 1 depicts a wireless spread spectrum Code Division Multiple Access
(CDMA) communication system 18. A base station 20 communicates with user
equipment (UE) 22- 26 in its operating area. Ina spread spectrum CDMA system
18, data signals are communicated between UEs 22-26 and the base station 20 over
the same spread bandwidth. Each data signal in the shared bandwidth is spread with
a unique chip code sequence. Upon reception, using a replica of the cﬁip code
sequence, a particular data signal is recovered.

Since signals are distinguished by their chip code sequences (code), separate
dedicated communication channels are created using different codes. Signals from
the base station 20 to the UEs 22-26 are sent on downlink channels and signals from
the UEs 22-26 to the base station 20 are sent on uplink channels. For coherent
detection of downlink transmissions by the UEs 22-26, pilot signals are transmitted
to all the UEs 22-26 within the base station's operating range. The UEs 22-26
condition their receivers based on the pilot signals to enable data reception.

In many CDMA systems, a common packet channel (CPCH) is used for
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uplink transmissions. A CPCH is capable of carrying packets of data from different
UEs 22-26. Each packet is distinguishable by its codq. For detection by the base
station 20, the pac'kl_?e',t:s' have a preamble which also..di:;tinglﬂshes it from other
packets. The CPCHis t&pically usedto carry infrequently c:ommunicatcd dataathigh

5 rates.

Figure 2 depic_:j_.‘s 3 CPCH access scheme 28. The CPCH access scheme 28
| is time divided into intervéls having time slots 30-34, such as 8 time slots proposed
| for the Third Gcneratilt.-)n Mobile Telecommunications System (IMT-2000). A group
of predetermined sigﬁaﬂnes 36-40 are assigned to the tir;_ne:slots 30-34 to allow more

10 than one UE 22-26 to- use the same time slot 30-34. ,A.'- particular signature used

instance, for each of the 8 time slots in the proposal for IMT-2000, one out of 16

signatures is availablé, to be chosen, resulting in 128 acc;_:ess opportunities. Each .

signature 36-40 is preassi_gned a virtual channel. A virtual channel uniquely defines
15 operating parameter_s:for: both the uplink and downlin).c,- i.e., an uplink spreading

factor and a unique code for the downlink. |

- Broadcast from the base station 20 to each UE 22-26 is the availability of each
virtual channel over an acknowledge indication channel (AICH). The UE 22-26

monitors the AICH tq' determine the availability of each virtual channel. Based on

20 the operating parameters required by the UE 22-26 and the availability of the virtual

channels, the UE detgrmihes the access opportunity to'sclgct. Upon identifying a

particular access opportunity, the base station 20 sends out an acknowledgment
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within a particular time slot is referred to as an access 'opponunity 66-82. For . -
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message (ACK) 1fthé ?c;onesponding 'dde]ink channél is still available. In the
proposal for IMT-2000, the ACK simply repeats the signatures 36-40 associated with
the access attempt. If the downlink channel is not available, a negative acknowledge
(NAK) is sent.

5 After receiving a corresponding acknowledgment, the UEs 22-26 determine
the proper code to recover communications on the downlink channel based on the
access opportunity 66-82 used to send the UEs’ packet. Either stored in the UEs 22-
26 or transmitted on a Base Station's Broadcast Channel is a list of the code assigned
to each access opportunity 66-82. This: scheme severely increases the packet
10 collision probability and therefore the packet delay which is undesirable.

In some situations, monitoring the AICH is not desirable. At a particular
moment, some UEs 22-26 will be operating in a "sleep” mode. In the "sleep” mode,
the UE 22-26 only runs when there is a need to send data. Monitoring the AICH
during "sleep"” mode will both reduce battery life and introdu;':e a delay in the

15 - transmission of the first packet. ‘Additionally, when a UE 22-26 borders between
two base station's operating areas, monitoring multiple AICHSs further exacerbates
-these drawbacks.

Monitoring creates other problems. It further complicates the UE’s receiving
circuitry, making the UE 22-26 more expensive.

20 Monitoring results in a suboptimum use of the CPCH. AICH monitoring
provides information when a channel becomes busy. The time at which the channel

becomes free is deduced on a worst case maximum packet length. If a packet is not
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maximum length, the channel will be idle while the.UEs 22-26 are waiting to
transmit. On the other hand, if monitoring is not pcrformcd in such a system,
channel availability information is unavailable. The UE22-26 mayrandomly choose
a busy virtual channel increasing the packet deiay | :by causing a collision.
Accordmgly, it would be desirable to allow the UEs 22-26 to wait a period shorter
than the maxlmum packet length and provide for some other collision reducing
mechanism.

One technique to reduce the possibility of collision is to raise the number of
codes, for instance t§ 128 different codes.. In _the pro_posal for IMT-2000 the 128

sequences represent approximately half of the s_e_quenoﬁs a#ai_]able at the base station

- 20. Accordingly, this solution is undesirable. Additionally, since monitoring the

- AICH complicates the UE receiver circuitry increasing its cost, it is undesirable.

Accordingly, an alternate approach to assign virtual channels is desirable.

- SUMMARY
- A selected usér equipment transmits a signature in a selected one of the

_common packet channel's time slots. The base station, in response to receiving the

' transmitted signature, selects a currently unused code, if available, out of a plurality

of code associated with the access opportunity defined by the selected signature and
selected time slot. Th¢ base station transmits an acknowlédgment_ signal comprising
“an identifier of the selected code. The selected user equipment receives the

‘acknowledgment signal. The selected user _equipx_r_xcﬁt and the base station
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communicate using thé.selected code.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of a typical wireless spread spectrum CDMA
5 communication system.
Figure 2 is an illustration of a common packet channel access scheme.
Figure 3 is an illustration assigning virtual channels. -
' Figure 4 is a graph of the probability of a collision versus demand for the
prior art and the virtual channel] assignment.
10 - Figure 5 illustrates a simplified base station and user equipment.
-Figure 6 is an identifier transmitter circuit.
Figure 7 is an identifier receiver circuit.
Figure 8 is a table of an assignment of Golay sequences.
Figure 9 is a circuit for detecting the Golay sequences of Figure 8.
15 Figure 10 is an assignment table for a system having physical channels with

two time slots. -

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
- The preferred embodiments will be described with reference to the drawing
20 figures where like numerals represent like elements throughout. Figure 3 illustrates
a virtual channel assignment scheme. Each virtual channel 48-64 is defined by its

operating parameters, such as uplink spreading factor and down link code.
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Additionally, insteagl of assigning virtual c_hannels 48-64, the same principles may
be applied to assigning physical channels which are defined by their downlink code.

Toreduce the number of used physical channels and increase the power level
of each channel, each phys1cal channel may be muluplexed such as by using two
5 time slots. Usmg two ume slots w111 increase the channel’s effective data rate, such
as from 8 Kbps to 16 Kbps. In such a system, the vn'tual channel 48-64 also defines
which multxplexed s1gna1 is assigned to the UE 22-26

Instead of asmgmng asingle v1rtual channel for each signature 36-40 asin the
prior art, a set 42-46__of virtual channels are assigned f_or-each grouping 116-120 of
10 access opportumtles A groupmg may contain all of the channels in one group or as
fewas2or3 channels One poss1b1e v1rtual channel groupmg may. group all virtual
channels with the same data rate for the uplmk. ‘For groups having the same uplink
data rate, the UE 22-26 selects an eccess opportumty_ ou? of the groups having the -
UE's desired uplinlc ﬂgta-iate. Anot_hef grouping may be fcrmed based on the access
15 opportunities' signatﬁr_e 36-40. Based cn the selected aecess request and the UE's
priority, one of the v1rtua1 channels 48-64 ass1gned to the group 116-120 associated
-with the access attempt is used for the UE if available. Once the virtual channel is
assigned, it will not bc assigned aga;n__ -until the p_grtlcular UE's transaction is
complete. Additioniily, areceiving ci;cuit at the base etaﬁcn 20 with the proper data

20 rate is assigned to theUE 22-26. :
In the prior an cystem the UEs 22-26 detennipe _v;_rhich channel is assigned

to the downlink based on the access opportunity 66-82. Virtual channel assignment
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transmits a channeTl -i.cl-l;ntiﬂer 84-88, pfeferabiy alonll:' wj-ith-the ACK, indicating
which of the set 42446 f channels assigned to the gréupl 16-120 is selected. When
all of the virtual channels are in the same group, the ideﬁﬁfier 84-88 indicates the
selected virtual channel. If no channel is available out of the set 42-46, a no channel
is available (NAK) identifier is sent. Since more than one virtual channel is
potentially assigned to a particular access atternpt, the probability of UE collisions
is reduced.

Figure 4 is a graph 91 depicting the probability of a collision (Collisions)
versus the number of UEs 22-26 requesting access (Demand). As shown, the
collisions using 2 or 3 virtual channels per group (2 states/AP or 3 states/AP) is
lower than the prior art (AICH monitor) regardless of demand.

Figure 5 illustrates a simplified base station 20 and a UE 22 for use in
implementing channel assignment. The UE 22 has a controller 144 for determining

the code of the uplink and downlink communications. A UE transmitter 140 sends

communications, such as access opportunities and uplink packet signals, to the base . -

station 20. A UE receiver 142 receives communications, such as ACK messages,
- NAK messages and downlink signals.

The base station 20 has a controller 134 for determining the code of uplink
and downlink communications as well as determining channel availability. A base
station transmitter 136 sends communications, such as ACK messages, NAK
messages and downlink signals, to the UE 22. The base station receiver 138 receives

communications, such as access opportunities and uplink packet signals.
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Techniques for sending the identifiers are to attach extra bits to the ACK or
to change the phase of the ACK to indicaté the selt;cted identifier. For a system
using a single group of_ virtual channels, the extra b1ts iiidenl:ify the selected virtual
channel. Circuits for sénding the identifiers by phaseshlftmg the ACK are depicted

5 in Figures 6and7. The circuits are capable of sendin'g.‘ué to four channel identifiers
without a NAK ideﬁtiﬁer or three channel identifiers w1th a NAK identifier. In the
transmitter circuit 92 of Figure 6, the ACK sequénc__;e 1s generated by a sequence
generator 94. The sééuepce itself is associated with the pfe_amble access opportunity
and is unique to the access attempt. Several such sequences may be transmitted to

10 several users at the samc time. The ACK sequence 1s f)asscd-. through a mixer 96
which multiplies the SIgnal with__either +1 or -1. The mixed signal is subsequently
passed through anoﬁxef mxxer 98 where the signal is r_nixgd with an in-phase carrier
(cos wt) or a quadr_aturé carrier (siﬁ wt). As aresult of fhe two mixers 96, 98, the
transmitted ACK is at_ one of four phases 0°, 90°, 1 80‘5 or 270°. Each identifier 84~

15 88is préassigned to.:._cm.é"of the phases.
The receiver _circ_éuit 14 of Flgure 7 is used to determine the phase of the ACK

- sent | |

by the transmitter ciréuit 92 of Figure 6. The ACK is qﬁ_xed with both an in-phase
‘carrier by mixer 100_. and a quadrature carrier by miier_l&-. Each of the mixed
20 signals are correlat;é_;i with a replica of the ACK's seqﬁcngc by sequence correlators
104, 106. The in-phase and quadrature correlation s_igh'als are each negated by

mixers 108, 110 by multiplying the correlation signals by -1. The two correlated
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signals and the two ﬁéééted signals are ;upplied to ar.;ii;ldentifier circuit 112. The
-identifier circuit 112 détermines which of the four phased versions of the correlated
signal has the highest magnitude. Since the downlink transmissions from the_basc
station are synchronized and their phase is known, the identifier circuit 112
5 determines which identifier 84-88 was sent based on the phase of the ACK. A list
stored either in the UEs 22-26 or transmitted on a Base Station's Broadcast Channel
is used to determine the virtual channel 48-64 associated with the identifier 84-88
and the group 116-120 of the UE's access request. Using the determined virtual
channel 48-64, transmissions sent by the base station 20 using the selected downlink
10 channel's code are recovered at the UE 22-26.

Another technique for sending the identifier 84-88 is to use the ACK and a
collision resolution signal (CR). After a collision between UEs 22-26 is detected at
- abase station 20, in many spread spectrum systems the base station 20 sends a CR
directed to the colliding UEs. The CR has a sequence which is associated with a
15 specific UE 22 for detection by the UE 22. By inverting the ACK and CR, an
identifier 84-88 is sent to the specific UE 22. An inverted ACK indicates a NAK.
-By inverting the CR, one virtual channel is assigned to +CR a second virtual channel
is assigned to -CR. Accordingly, using the ACK and CR an identifier indicating
either a NAK or one of two channels is sent. Additionally, using a CR with multiple

20 . states, such as three, one of multiple channels is assigned to the CR.
Alternatively, the identifier is sent with a signal using a Golay sequence. A

Golay sequence is constructed out of short sequences, such as X and Y. By inverting
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the shorter sequences and changing their order many unique longer sequences may
be constructed as shown in tabl§ 122 of I'_‘igure 8. To reduce the size of the table
122, only half of the possible sgqﬁéncés are shown. By negating each sequence,
another unique Golay sequence're'sults.. Aé shown in Fégure 8, each UE 22-26 is
5 assigned a unique set of .Gdlay seQuéncgé, suchas 4. For ii_rimtance, user Ois assilgned
four sequences, the top two scﬁ_queﬁées _ar_i_d.the negat_ioq' of those sequences. By
assigning each of the Golay schéncgs a virtual chaé_nel, upon reception, the
receiving UE 22-26 determines the code of the downlinlé ;transmission.-
A Golay sequence detector is shg\_z\}n in Figui'e 9 The received signal is
10 correlated with a Golay Correlator 123 and intcrleavedi. :by an interleaver 124 to
detect the short codes. The arrangement of the short_..codes for two assfgned
. sequences within the long codes i's shown as .Si.gnature 0 _and 1. Using mixers 12§,
126, the signatures are mixed with the detected short codgs. Adders 127, 128 are
coupled to the mixer and also to de:lay devices 129, 130. The delay devices 129,130
15  take the output of the adders 127; 128 aﬁdfe_ed them baclé to those adders 127, 128
for correlation with the Inext sho;f gﬁquencg. The output of each adder 127, 128
- determines the Golay sequence of the rgceived signal.
Figure 10 illustrates an .assi.gnme_m scheme for a syﬁtem using two time slot
multiplexing for -thé physical chanﬁels. ~ In _table 132, e,ach of the sixteen different
20 signatures is assignéd adownlink co&g and ore of two u'me: slots. The selected time

slot is indicated by the transmitted identifier. -

* . *
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CLAIMS
What is claimed i$?" O
1. A method for sending data in a spread spectrum code division multiple
access communication system between a selected user equipment out of a plurality
of user equipments and a base station, the system having a common packet channel
defined by a predetermined set of codes, the common packet channel having a
plurality of access opportunities, each defined by a time slot and signature, the
-method comprising:
transmitting from the selected user equipment a signature in a selected one of
the common packet channel time slots; -
in response to receiving the transmitted signature at the base station, selecting
a currently unused code, if available, out of a plurality of codes associated with the
‘access opportunity defined by the selected signature and selected time slot;
transmitting from the base station an identifier of the selected code;
receiving the identifier at the selected user equipment; and
communicating data between the selected user equipment and the base station

_using the selected code.

2. The method of claim 1 wherein the identifier is transmitted along with

an acknowledgment signal.
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3. The method of claim 1 wherein the identifier is transmitted by a

acknowledgment signal and a collision resolution signal.

4.  The 'q;ethod of claim 1 wherein the 1dent1ﬁer indicates an uplink
spreading factor foréﬁorirmxunimtions to be sent from the ﬁser equipment to the base

station.

5.  The method of claim 1 wherein the transrmtted signature is selected
from a set of sixteen signatures and the selected one time slot is selected from a set

of eight time slots.

6. The method of claim 2 further comprising 1f no codes associated with
the access opportuni;y are available, transmitting a neg?,tijic acknowledgment signal

indicating that no codes are available.

7. The method of claim 1 wherein the sclected code is used to define a

. downlink physical channel for downlink communicatioh§.

8.  The method of claim 7 wherein the downlmk physical channel is time
multiplexed into timé slots and the identifier indicates a 'sé'l':ected one of the time slots
for the downlink communications between the base .s'_ta.t'i_on and the selected user

equipment.
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9. The method of claim 1 wherein the plurality of codes associated with
each access opportumty includes all of the codes ;a\i_ﬁé;iiéblc to all of the access

opportunities.

10.  The method of claim 1 wherein the plurality of codes associated with
each access opportunity numbers from a range of two codes to all of the codes

available to all of the access opportunities.

11.  The method of claim 2 wherein the acknowledgment signal identifier

is indicated by a selected one out of a set of phases of the acknowledgment signal.

12. The method of claim 2 wherein the acknowledgment signal identifier

is attached extra bits.

13.  The method of claim 2 wherein the acknowledgment signal identifier

is indicated by a selected one out of a set of Golay sequences.

14. A base station for a spread spectrum code division multiple access
system comprising:

a receiver for receiving access opportunities and packet data over a common
packet channel, the common packet channel defined by a predetermined set of codes

and having a plurality of access opportunities, each access opportunity defined by a
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time slot and a signature;

a code sele;:l,:}on controller aésoci_ated with. :said receiver for selecting a
currently unused code from a plurality of codes assocmted with a received access
opportunity, such thata code, if available, is seleg.t;d m response to receiving a
signature in one of sa1d tnne slots from a user cqulpment from the plurality of codes
associated with ﬂ1e.§§ce$s opportunity defined by the ;é@:giﬁed signature and said one
time slot; and -

a transmitter -: .ass'ociated with said controllér whlch transmits to the user
‘equipment an idcnﬁﬁef of the selected available code, whergby said transmitter sends

communications to t_he user equipment encoded with said selected code.

'15. The baée station of claim 14 wherein the plurality of codes associated

with each access opp'ér_tpnity includes all of the codes of all the access opportunities.

16. The b§$e #ation of claim 14 further co;ﬁipx%ising:
a sequencé-, gene_rator for producing a rephca -of a received access
_opportunities’ signaﬁé_ré,; | |
- a first mixer for selectively i_nverting the signatum replica in response to the
code selection; and -
a second mixer for selectively mixing the selécﬁvpiy inverted signature with
an in-phase or quadt%tﬁré phase carrier in response to tit;e.c.:ode selection to produce

the identifier.
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17. A spread spectrum code division multiple access communication
10 system having a bae Statlon and a plurality of userequlpments, the system using a
common packet channel for communication, the common packet channel defined by
a predetermined set of codes and having a plurality of access opportunities, each
access opportunity defined by a time slot and signature, the system comprising:
the plurality of user equipments, each having:
15 means for transmitting a signature in a selected one of the common
packet channel time slots;
means for receiving an identifier, the identifier indicating a selected
code; and
means for communicating with the base station using the selected code:
20 and
the base station having:
means, in response to receiving the transmitted signature, for
determining the selected code by selecting a currently unused code, if available, out
of a plurality of codes associated with the access opportunity defined by the selected
25 _signature and selected time slot; and

means for transmitting the identifier of the selected code.

18. © The system of claim 17 wherein the identifier indicates an uplink
spreading factor for communications to be sent from the user equipment to the base

station.
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19. The system of claim 17 wherein the transmitted signature is selected
from a set of sixteen signatures and the selected one time slot is selected from a set

of eight time slots. o
20. The system of claim 17 wherein the base St_ei!:ion further having means,
if no codes associat:@e:_d with the access opportunity are available, for transmitting a

negative acknowledg_rngnt signal indicating that no codes are available.

21. - The system of claim 17 wherein the selected code is used to define a

downlink physical channel for downlink communicatibn’s.

22. The syét_cm of claim 21 wherein the dow;ﬂin_k physical channel is time

multiplexed into time slots and the identifier indicates a selected one of the time slots

for the downlink communications between the base station and the user equipment.

23. The sy#tem of claim 17 wherein the plura_]ity of codes associated with

-each access opponuﬁity includes all of the codes of all access opportunities.

24. The systerr__i of claim 17 wherein the plurai_ity of codes associated with
each access opportunity numbers froma range of two c_é)dcs to all of the codes of all

access opportunities.
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25.  Thesystemof claim 17 wherein the identifier is indicated by a selected

one out of a set of phises of an acknowledgment sxgnal

26.  The system of claim 17 wherein the identifier is attached extra bits to

an acknowledgment signal.

27.  Thesystem of claim 17 wherein the identifier is indicated by a selected

one out of a set of Golay sequences.
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