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Abstract

A method and apparatus for code multiplexing one or more control signals onto a
shared control channel. According to the present invention, a control signal for
transmission from a base station to a mobile station terminal is repeated in each
slot of a predetermined time interval. The control signal in each slot is spread using
a bit-level spreading sequence, where the bit-level spreading sequence varies from
slot to slot according to a predefined sequence-hopping pattern. The spread
control signals generated for transmission to each mobile station terminal are then

combined and spread using a common channelization code.
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A METHOD AND APPARATUS FOR SPREADING SEQUENCE HOPPING IN CODE-
MULTIPLEXED CONTROL CHANNELS

This is a divisional application of Canadian Patent Application Serial No. 2,579,429
filed on December 17, 2004.

BACKGROUND OF THE INVENTION
The present invention relates generally to code-multiplexed control channels, and
more particularly to a method and apparatus in a wireless system for code-multiplexing
multiple control signals onto a shared control channel using time-varying bit-level spreading
sequences with a common OVSF (orthogonal variable spreading factor) channelization code.
It should be understood that the expression “the invention” and the like used herein may refer

to subject matter claimed in either the parent or the divisional applications.
In wireless systems, such as Wideband Code Division Multiple Access (WCDMA)

systems or CDMAZ000 systems, a base station encodes and transmits data frames or packets
on a downlink channel to a user equipment (UE) terminal, i.e., a mobile station. The mobile

station transmits encoded data frames or packets to the base station on an uplink channel. The

base station decodes the received data frames or packets to recover the encoded block of

information transmitted by the mobile station. |
As WCDMA and CDMA2000 evolve, enhancing uplink dedicated transport channels,

e.d., those used to reduce air-interface delays, to improve system capacity, and to increase cell

coverage of high bit-rate services, becomes increasingly important. The use of the Hybrid Auto-

Retransmission Request (HARQ) protocol, which provides fast retransmissions and soft

combining on the uplink transport channels, and the use of the Fast Rate Control (FRC)
protocol, which provides data rate control, on the uplink tfransport Channels generally helps
achieve these goals. However, these two protocols require fast and reliable downlink contro!
signalling. ‘

In support of HARQ‘OperatiQns, Enhanced Dedicated Channels (E-DCHs) send control

sighals from the base station to the mobile station. For example, the base station uses E-DCH

related HARQ Indicator Channels (E-HICHs) on the downlink channel to send an

acknowledgement (ACK) or non-acknowledgement (NACK) signal to the mobile station in every

transmission time interval (TT!). Because HARQ helps reduce retransmission delays and

improve uplink high data-rate coverage and capacity, it is highly desirable to have reliable

signalling on the E-HICH.
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In support of FRC operations, the base station uses E-DCH related Relative Grant
Channels (E-RGCHSs) to send dedicated rate control commands to the mobile station. FRC
allows the base station to fine-tune the cell-wide uplink interference (uplink noise rise) to meet
target cell-wide quality of service in terms of delays, throughput, and/or call blockage. The
serving base station sends a rate control signal on the downlink channel in every TTI {o
command the mobile station to increase or decrease the uplink tfransmission data rate. As well
understood in the art, the rate control signal may contain any number of bits, and typically

comprises either a 1-bit binary or ternary (up, down, or hold) signal.

1a
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Bit-level spreading sequences spread the rate control signals and/or the ack/nack
signals across a predetermined time interval. The spread signals achie\)e orthogonality, and
therefore achieve a desired performance, when the signal is integrated over an entire slot. As
such, the channel must stay constant over the entire 'slot in order for orthogonality to be
maintained.

The orthogonality of the spread signals holds at the receiver when the fading channel is
non-dispersive and constant within a slot. However, high Doppler channels may compromise
the orthogonality. Further, additional factors, such as a near-far problem, may also aggravate
the problems caused by a lack of orthogonality. The near-far problem arises when the base

station simultaneously transmits {0 a mobile station near the base station at a significantly lower

transmit power than used to transmit to a mobile station far away from the base station. When
orthogonality is not maintained, this near-far problem may cause significant interference at the

near mobile station’s receiver.

SUMMARY OF THE INVENTION
The present invention comprises a method and apparatus for code multiplexing one or

more control signals onto a shared control channel. According to one embodiment of the

- present invention, each slot of a prede’termined time interval assooiated with a particular mobile

~ station is assigned a unique bit-level spreading sequence. The bit-level spreading sequence

varies from slot to slot according to a predefined sequence-hopping pattern. As a result, a
different bit-level spreading sequence spreads a control signal in each slot of the predetérmined
time interval. Further, the base station combines the spread control signals from multiple mobile
stations and transmits the combined signal using a common channelization code. The bit-level
spreading of the control s'ignals enables the mobile stations to separate the control signal
intended for it from the control signals intended for other mobile stations.

Applying a different bit-level spreading sequence to the control signal in each slot of a
predetermined time interval (sequence “hopping”) increases the likelihood of maintaining higher
orthogonality of spread signals in a highly Doppler channel. As such, using different bit-level
spreading sequences reduces the effects of the above-described near-far problem.

The present invention generates the set of sequence-hopping patterns according to one
or more exemplary methods described further herein. {n one embodiment, a cyclic process
generates the set of sequence-hopping patterns. In another embodiment, a pseudo-random
process generates the set of sequence-hopping patterns. In still another embodiment, an

intelligent sequence assignment process generates the set of sequence-hopping patterns.
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According to an aspect of the present invention there is provided a method of

generating a set of sequence-hopping patterns for code-multiplexing control signals onto

a shared control channel, the method comprising:

(a) generating a sequence-hopping pattern using a pseudo-random process, the

5  sequence-hopping pattern comprising a sequence of indices, each position within the
sequence corresponding with a time slot of the shared control channel, and each of the
Indices identifying a particular Hadamard sequence for bit-level spreading of a control
signal, wherein none of the indices is repeated within the sequence-hopping pattern;

(b) determining whether the generated sequence-hopping pattern is identical to any

10  sequence-hopping pattern in a set of sequence-hopping patterns:

(C) responsive to the generated sequence-hopping pattern not being identical to any

sequence-hopping pattern in the set, adding the generated sequence-hopping pattern to

the set; and
(d) repeating steps (a) to (¢) until the set contains a predetermined number of the

15  sequence-hopping patterns;
wherein none of the indices is repeated at the same position across the set of

sequence hopping patterns.

According to another aspect of the present invention there is provided a method

20  of [Q-multiplexing control signals in an Enhanced Hybrid Indicator Channel (E-HICH)
and an Enhanced Relative Grant Channel (E-RGCH), using a set of sequence-hopping

patterns, the method comprising:
spreading an E-HICH control signal for a mobile terminal using a first sequence-

hopping pattern from the set of sequence-hopping patterns, thereby to generate a

25  spread E-HICH control signal; and
spreading an E-RGCH control signal for the mobile terminal using a second

spreading sequence to generate a spread E-RGCH control signal, wherein the second

spreading sequence differs from the first spreading sequence by a complex multiplier /.

30  Additional aspects are set out in the following numbered clauses, which form part of the

detailed description.

1. A method of code-multiplexing a control signal onto a shared control channel
comprising:
35 repeating the control signal in each slot of a predetermined time interval:

spreading the control signal in each slot of the predetermined time interval at bit

rate using a bit-level spreading sequence; and
23
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varying said bit-level spreading sequence from slot to slot according to a

predefined sequence-hopping pattern.

2. The method of clause 1 further comprising:

generating a set of sequence-hopping patterns; and

assigning each mobile station associated with said shared control channel to a

sequence-hopping pattern selected from said set of sequence-hopping patterns.

3. The method of clause 2 wherein each sequence-hopping pattern in said set of

sequence-hopping patterns comprises a cyclic shift of a common sequence-hopping

paitern.

4. The method of clause 2 wherein each sequence-hopping pattern in said set of

sequence-hopping patterns comprises a pseudo-random sequence.

5. The method of clause 4 wherein all elements of a particular sequence-hopping

pattern are unique.

6. The method of clause 4 wherein corresponding elements in the set of sequence-

hopping patterns are unique.

7. The method of clause 2 wherein at least one pair of sequence-hopping patterns
s generated such that corresponding elements of the generated pair have a

performance parameter that meets or exceeds a predetermined threshold.

8. The method of clause 7 further comprising assigning the sequence-hopping

patterns of the generated pair(s) of sequence-hopping patterns to mobile station

associated with high power control signals.

9. The method of clause 7 wherein the performance parameter comprises a mutual

near-far resistant ratio.

10. The method of clause 2 further comprising identifying one or more pairs of
adjacent sequence-hopping patterns having an overall performance parameter that

meets or exceeds a predetermined threshold.

2b
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11. The method of clause 10 wherein assigning each mobile station to a selected
sequence-hopping pattern comprises assigning a mobile station requiring the highest

transmit power to one of the sequence-hopping patterns in the identified pair(s) of

sequence-hopping patterns.

12. The method of clause 2 further comprising subdividing the control channel into a

plurality of sub-channels, where each sub-channel is associated with one of the

sequence-hopping patterns in the set of sequence-hopping patterns.

13. The method of clause 2 further comprising assigning a common channelization

code to the shared control channel.

14. The method of clause 13 wherein the common channelization code comprises an

orthogonal variable spreading factor channelization code.

15. The method of clause 1 wherein said bit-level spreading sequence comprises a

Hadamard spreading sequence.

10. The method of clause 1 wherein the predetermined time interval comprises one

of 3 slots and 15 slots.

17. A method of code-multiplexing a control message onto a shared control channel

associated with a plurality of mobile stations comprising:

assigning a unique bit-level spreading sequence to each slot of a predetermined

time interval according to a sequence-hopping pattern; and
spreading the control signal at bit rate with the unique spreading code assigned

to each slot.

18. The method of clause 17 further comprising:

generating a set of sequence-hopping patterns; and

assigning each mobile station associated with said shared control channel to a

selected sequence-hopping pattern.

19. The method of clause 18 wherein each sequence-hopping pattern of said set of
sequence-hopping patterns comprises a cyclic shift of a common sequence-hopping

pattern.

2C
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20. The method of clause 18 wherein each sequence-hopping pattern of said set of

sequence-hopping patterns comprises a pseudo-random sequence.

21. The method of clause 18 wherein two adjacent sequence-hopping patterns
comprise a pair of sequence-hopping patterns, and wherein at least one pair of
sequence-hopping patterns are generated such that corresponding elements of the

generated pair have a mutual near-far resistant ratio that meets or exceeds a

predetermined threshold.

22. A method of sharing a control channel with a plurality of mobile stations
comprising:
assigning a common channelization code to the plurality of mobile stations; and
assigning each mobile station a sequence-hopping pattern selected from a set of
sequence-hopping patterns, where each element of a selected sequence-hopping

pattern references a unique bit-level spreading sequence for each slot of a

predetermined time interval.

23. The method of clause 22 wherein each sequence-hopping pattern in said set of

sequence-hopping patterns comprises a cyclic shift of a common sequence-hopping

pattern.

24. The method of clause 22 wherein each sequence-hopping pattern in said set of

sequence-hopping patterns comprises a pseudo-random sequence.

25. The method of clause 22 wherein two adjacent sequence-hopping patterns

comprise a pair of sequence-hopping patterns, and wherein at least one pair of
sequence-hopping patterns are generated such that corresponding elements of the

generated pair have a mutual near-far resistant ratio that meets or exceeds a

predetermined threshold.

26. The method of clause 25 wherein assigning each mobile station a sequence-
hopping pattern comprises assigning sequence-hopping patterns of the generated
pair(s) of sequence-hopping patterns to mobile stations associated with high power

control signals.

2d
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27 The method of clause 22 further comprising identifying one or more pairs of

adjacent sequence-hopping patterns having an overall mutual near-far resistant ratio

that meets or exceeds a predetermined threshold.

28. The method of clause 27 wherein assigning each mobile station the sequence-
hopping pattern comprises assigning one of the identified sequence-hopping patterns to

each mobile station associated with a high power control signal.

29. A code multiplexer for multiplexing a control signal onto a shared control channel

associated with a plurality of mobile stations comprising: _
a memory configured to store a set of sequence-hopping patterns, wherein each

element of each sequence-hopping pattern references a unique bit-level spreading

sequence;
an assignment processor configured to assign the control signal to a selected

sequence-hopping pattern; and
a multiplexer to spread the control signal in each slot of a predetermined time

Interval at bit rate using the unique bit-level spreading sequence referenced by the

selected sequence-hopping pattern.

30. The code multiplexer of clause 29 wherein said memory is configured to store

sald set of sequence-hopping patterns based on a cyclical shift of a common sequence-

hopping pattern.

31. The code multiplexer of clause 29 wherein said memory is configured to store
said set of sequence-hopping patterns based on a pseudo-random sequence generation

Process.

32. The code multiplexer of clause 29 wherein two adjacent sequence-hopping
patterns comprise a pair of sequence-hopping patterns, and wherein said memory is
configured to store at least one pair of sequence-hopping patterns having a mutual near-

far resistant ratio that meets or exceeds a predetermined threshold.

Ze
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an exemplary set of Hadamard spreading sequences.

Figure 2 illustrates a block diagram of a code-division multiplexer that code-division
multiplexes E-HICH and E-RGCH control signals on a shared OVSF channelization code.

Figure 3 illustrates a block diagram of a code-division multiplexer that code-division
multiplexes E-HICH and E-RGCH control signals on separate OVSF channelization codes.

Figure 4 illustrates a near-far scenario.

Figure 5 illustrates a portion of an exemplary block diagram of a CDM system using a
sequence-hopping pattern of the present invention.

Figure 6 illustrates an exemplary.set of a sequence-hopping patterns generated using a
cyclic process according to the present invention.

Figure 7 illustrates one-exemplary pseudo-random process for generating a set of
sequence hopping patterns.

Figure 8 illustrates an exemplary set of a sequence-hopping patterns generated using a
pseudo-random process according to the present invention.

Figure 8 illustrates a table of mutual near-far resistant ratios between pairs of length-20
Hadamard sequences in a flat fading channel of 200Hz Doppler spread.

- Figure 10 illustrates one exemplary intelligent process for generating a set of sequence

hopping patterns.

Figure 11 illustrates a set of a sequence-hopping patterns generated using an intelligent
éequenoe assignment process according to the present invention. '
Figure 12 illustrates a block diagram of one exemplary CDM system that IQ-multiplexes

‘the E-HICH and E-RGCH control signals onto the same bit-level Hadamard sequence.

Figure 13 illustrates a block diagram of an exemplary CDM system that 1Q multiplexes
E-HICH and E-RGCH control signals with bit-level spreading sequences referenced by selected

sequence-hopping patterns according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
For purposes of clarity but not restriction, the following description uses the term “OVSF

channelization code” for the spreading sequence that spreads an input signal to the WCDMA

‘chip rate (3.84 Mcps). Further, the following description uses the term “Hadamard sequence” or

"bit-level spreading sequence” or “bit-level Hadamard sequence” interchangeably to represent
the spreading sequence applied to the control signal at the bit-rate. The bit rate, for example, is
equal to the chip rate divided by the spreading factor for BPSK and is equal to two times the

_Chip rate divided by the spreading factor for QPSK. As an example, an OVSF channelization
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code having a spreading tactor of 128 gives rise to 20 symbols in a WCDMA-slot. The resulting

bit-level spreading sequence is thus based on Hadamard sequences of length 20.
According to the current state-of-the-art concept for Enhanced Uplink, a mobile station

may transmit in the uplink without scheduling grant as long as the transmission data-rate is not
5 exceedingly high. This prevents undesirable scheduling delays. Thus, many mobile stations
may simultaneously transmit on the uplink using the HARQ-protocol. As a result, the base
station needs to provide many E-HICH and E-RGCH signais per TTI of the downlink. In order to
prevent these control signals from consuming too many OVSF (orthogonal variable spreading
factor) channelization codes, a code-division multiplexed (CDM) architecture for the E-HICHSs
10 that share an OVSF-code has been proposed in “Impact of DL Support Channels on E-DPDCH’

by Qualcomm, presented at SGPP TSG RAN WG1 #33, 25 ~ 29 August 2003 in New York.
The approach taught by the Qualcomm reference sub-divides the controf channel into a

plurality of sub-channels, where each sub-channel corresponds to a mobile station. For
each sub-channel. a unique bit-level Hadamard sequence having a duration of 1 slot

15  spreads the corresponding t-bit ACK/NACK signal across 1 slot of the TTL The spread signal
is then copied into each of the remaining slots of the TTL. Subsequently, a common OVSF

channelization code further spreads the identically spread ACK/NACK signals in each slot of
the TT! to generate the output control signal for transmission over the downlink control

channel.
20 Figure 1 illustrates an exemplary set {co...C1o} Of length-20 Hadamard spreading

sequences. The set of Hadamard sequences shown in Figure 1 are for lllustrative purposes
only and are not limiting. Other possible sets that related to this exemplary set may be achieved
by permuting the columns or rows.
The aforementioned approach for a CDM architecture may in principle be applied to any
25 low-rate (e.g. 1 or more bits per TT1) downlink control signalling. For instance, the same OVSF
channelization code may code division multiplex both the E-HICH and the E-RGCH, as shown
in the exemplary CDM system of Figure 2. Altemative‘ly, separate OVSF channelization codes

may code-division multiplex the E-HICH and the E-RGCH. For example, one OVSF
channelization code spreads the E-HICH and one OVSF-code spreads the E-RGCH, as shown

30 inthe exemplary CDM system of Figure 3. In either case, the spread ACK/NACK and rate
control signals for the E-HICH and E-RGCH are scaled by a and J3, respéctively, before being
combined as shown in Figures 2 and 3. This amplitude scaling is used to guarantee sufficient

performance for each signalling channel.
As well understood, the aforementioned concept for Enhanced Uplink implies that the

35  orthogonality of the spread signals holds at the receiver if the fading channel is non-dispersive

and constant within a slot. With multi-path propagation, the orthogonality is very much intact as
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long as the channel is constant within a slot due to the large processing gain against the inter-
chip interference. However, high Doppler channels, in which multi-path fading varies noticeably
during a slot interval, may severely compromise the orthogonality. In some situations, loss of
orthogonality may result ih severe performance penalty. Further, additional factors associated
with the wireless transmissions may aggravate the performance penalty problem. The néar-—far
problem, illustrated in Figure 4, represents one aggravating factor. The term “near-far problem”
refers to situations when signals of high transmission power are code-division multiplexed
(CDM) on an OVSF-channelization code also used to spread signals of small transmission
power. This situation arises, for example, when the base station simultaneously transmits to a
far mobile station located near the cell boundary and to a near mobile station located near the
center of a cell. The situation may also arise when the base station simultaneously transmits
sighals to mobile stations having'w'idely different error requirements.

The near-far problem m ¢ombination with the loss of orthogonality causes an increase in
co-channel interference at the riear mobile station (mobile station 2). Th‘e amount of
interference due to loss of orthogonality depends on the cross-correlation between the pair of
bit-level spreading sequences assigned to the hear and far mobile stations. Some pairs of
sequences exhibit relatively weak cross-correlation, and are therefore more resistant to the
near-far problems than other pairs of sequences. Other sequence pairs exhibit relati\}ely strong
cross-correlation, and are therefdre less resistant to the near-far problem. 'Sequence pairs
having a strong cross-correlation amplify the near-far problem. Further, if two near mobilé
stations are assigned sequence pairs naving strong cross-correlations, the performance at the
near mobile stations will be bad all the time. Because this results in a consistently bad

performanc:'e, this situatioh IS undesirab!e.
The present invention addresses the near-far problem by using a different bit-level

spreading sequence for each slot of a TTI to initially spread the control signél. Generally, the

present inve_ntion changes the bit-level spreading sequence assignments of a control sub-
channel from slot to slot In a system that allows a number of control sub-channels to share a
common control channel/OVSF channelization code. A sequence-hopping pattern assigned to
each sub-channel indexes a different bit-leve! spreading sequence fér each slot of a pre-
determined time interval. For example, Figure 5 shows a 3-slot TT1 12 having a 1-bit ACK
signal in each slot and a 3-slot sequence-hopping pattern 14. Sequence-hopping pattern 14
references sequence 12 for slot 1, sequence 5 for slot 2, and sequence 17 for slot 3. Therefore,
multiplier 20 may spread the 1-bit ACK signal in slots 1, 2, and.3 using bit-level spreading
sequences Cqy, Cs, and Cq7, respectively (see Figure 1).

The following describes several exemplary embodiments for generating and/or assigning

such a sequence-hopping pattern. The sequence-hopping patterns described below include
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cyclic sequence-hopping patterns, pseudo-random sequence-hopping patterns, and intelligent

sequence-hopping patterns. In all three types, the sequence-hopping pattern comprises a

pattern of sequence indices, wherein each element represents an index that identifies a
particular Hadamard sequence for bit-level spreading.
Figure 6 illustrates an exemplary set of cyclic sequence-hopping patterns. This

exemplary set comprises forty sequence-hopping patterns, with each sequence-hopping pattern

comprising fifteen sequence indices. A total of forty sequence indices are available for any
given sequence-hopping pattern. These sequence indices may reference any known bit-level
spreading sequences. For example, indices 0 through 19 may reference the bit-level spreading
sequences 0 through 19 shown in Figure 1. The remaining bit-level spreading sequences (20
through 39) may, for example, be generated by multiplying each of the O through 19 sequeices
by j, where j is the square root of -1. In other words, sequence k+20 may be obtained by
multiplying j time sequence k. Each sequence-hopping pattern corresponds to one sub-
channel, and therefore, corresponds to one mobile station or one control sub-channel. As
shown in Figure 6, each successive sequence-hopping pattern of the set of sequence-hopping
patterns comprises a cyclic shift of a base sequence-hopping pattern. In genefal', If @ spreading
sequence k bit-level spreads a control signal in a time slot /, the spreading sequence (k+17)%40
will be used to bit-level spread the same control signal in the subsequent time slot (i+7). The
expression n%m stands for n modulo m whereby m = 40 has been selected in view of the
example presented in Figure 6. For example, assume that the first row of the set of sequence-
hopping patterns in Figure 6 corresponds to the base sequence-hopping pattern. As shown in
Figure 6, cyclic shifts of the base sequence-hopping pattern of the first row generate
subsequent sequence-hopping patterns.

While Figure 6 shows a base sequence-hopping pattern that comprises sequential
sequence Indices (e.qg., 1, 2, 3, 4, ;..), the cyclic process of the present invention is not so
limited. For example, the cyclic process also applies to a pseudo-rahdom base sequence-
hopping pattern, where cyclic shifts of thé base pseudo-random sequence-hopping pattern
generate successive rows of the set of sequence hopping patterns. I

In a second embodimént; a pseudo-random process that satisfies the following
properties generates the set of sequence-hopping patterns.

¢ The sequence assignment changes from slot to siot.

e No sequence bit-level spreads more than one control signal in any slot.
e The sequence-hopping pattern repeats after a predetermined number of slots.

e No one mobile station uses the same hopping sequence more than once in a TTI.

Figure 7 illustrates one exemplary procedure for generating a sequence-hopping pattern

satisfying these four properties. After generating a random permutation between a number 0
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and (K-1) (block 100), the generated random permutation is added to the set of existing
permutation patterns (block 120) uniless the obtained permutation is identical to any already
existing permutation pattern in the table (block 110). These steps repeat until the set of
sequence hopping patterns includes a sufficient number of permutation patterns (block 130).
Each mobile station or one control sub-channel uses one of the permutation patterns from the
set of patterns. An exemplary pseudo-random hopping pattern may be obtained by Galois field
operation using a primitive.element.

Figure 8 tlustrates a pseudo-random sequence-hopping pattern satisfying all the
aforementioned properties. The illustrated set of sequence-hopping patterns supports forty
control sub-channels each having a fifteen siot TTI. 'anh control sub-channel corresponds to a
different mobile station and may provide control signals to the corresponding maobile station.
According tothis set of sequence-hopping patterns, sub-channel 1 uses bit-level Hadamard

sequence 12 in slot 1, sequence 23 in slot 2, sequence 37 in slot 3, etc. The hopping pattern

repeats itself after 15 slots.
As shown in Figure 8, the above-described pseudo-random process generates. a set of

sequence-hopping patterns where a particular index only appears once in a given sequence-
hopping pattern. ‘Further, a particular index only appears once in a given column of the set of
sequence-hopping patterns. In other words, a particular index is unique for a given sequence-
hopping pattern and for corresponding slots of the set of sequence-hopping patterns. As a
reSult, the genefatéd set of sequence-hopping patterns prevénts a mobile station from using a
bad sequence more than once. ‘ .

In another embodiment, ah intelligent sequen'ce assignment process generates the
sequence-hopping’pattern. According to the present invention, the intelligent process exploits
the fact that different pairs of bit-level Hadamard sequences exhibit different performance
parameters, i.e., mutual near-far resistant ratios. To illustrate this point, Figure 9 lists the mutual
ﬁear-—far resistant ratios between pairs of length-20 Hadamard sequences of Figure 6.‘in a flat
fadin'g channel with 200Hz Doppler spread. As shown in Figure 9, sequences Gp and ¢, have a

mutual near-far resistant ratio of 25 dB, while sequences ¢4 and ¢g only have an 8 dB mutual

near-far resistant ratio.
In one exemplary embodiment illustrated in Figure 10, the following steps may construct

an intelligent sequence-hopping pattern matrix:
« Construct a set of sequence-hopping patterns (block 150) using, for example, the cyclic
or pseudo-random process as described above.

e |dentify pairs of Hadamard sequences having the desired performance parameter (block
160), i.e., no remaining sequence has poor mutual near-far resistant ratios

simultaneously to these sequences.
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e Modify the set of sequence-hopping patterns obtained from the first step through

sequence swapping (block 170) so that after the swapping procedure, each sequence
referenced by sub-channels 1 and 2 have an acceptable mutual near-far resistant ratio

relative to the remaining sub-channel sequence-hopping patterns.

A predetermined threshold may be used to identify sequences that have an acceptable mufual
near-far resistant ratio. To that end, the table of mutual near-far resistant ratios depicted In
Figure 9 may help identify acceptable péirs of sequences having a sufficiently large mutual
near-far resistant ratio between two pairs of sequences in a given slot. Acceptable pairs (c,;crm)

of sequences correspond to pairs having a mutual near-far resistant ratio above a certain

threshold value, and for which any other sequence pair, i.e. (¢,;Ci) or (Ci;cm) with i#n and i=m,
has at least a mutual near-far resistant ratio éxceeding a threshold value, e.g., ~11,5dB.

To illustrate the intelligent process, Figure 11 illustrafces an exemplary sequence-hopping
pattern generated using the aboﬂze-deSCribed cyclic pseudo-random and intelligent processes
for an E-HICH. The table presented in Figure 9 reveals that the following pairs of sequences
satisfy the above-described threshold requirements: (Co;Cs), (€1;C16), (C2;C10), (C3;C11), (C4;C1a),
(Cs;C7), (Ces:Cs), (C7:C16), (Cs;C12), (CoiCa), (C1O;C%é), (C11;C19), (C12:C8), (C1g;C11), @Nd (Cqg;C15). From
these pairs of sequences, the intelligent process maodifies the sequence—hopping pattern of sub-
channels 1 and 2 as shown in Figure 6 as follows: For slot number 1, (Co;Cs) represent the
desired pair of sequences for sub-channels 1 and 2. This is achieved by swapping the
sequence aésignment reference number in slot 1 of sub-channel 6 with the sequénoe reference
number in slot 1 of sub-channel 2. A repetition of this procedure for the remalnlng slots (2 to 15)
results in the intelligent sequence-hopping patterns shown in Figure 11.

The resulting table comprises a set of sequence-hopping patterns, where the sequence-
hopping patterns for sub-channels 1 and 2 are assighed to signals with high transmit power. As
a result, this i'ntelligent proceés provides two or more sequence-hopping patterns for multiple
sub-channels that do not all result in a bad near-far resistant ration with the sequence-hopping
patterns in the remaining sub-channels.

After generating the set of sequence-hopping patterns using the intelligent process, the
base station assigns selected sequence-hOpping patterns based on transmit power. For
example, the base station may assigh a pair of sequence-hopping patterns with weak
correlation, and thus strong near-far resistant characteristics, 1o mobile stations with relatively
large transmit power.

In addition to the above-described processes for generating the sequence-hopping
patterns, the present invention may also apply an intelligent sequence-hopping pattern
assignment process. According to this embodiment of the invention, the base station evaluates

pairs of adjacent or non-adjacent sequence-hopping patterns to determine an overall
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performance parameter, i.e., an overall near-far resistant ratio, of the sequences associated
with the pair(s) of sequence-hopping patterns. Based on the overall performance parameters,
pairs of sequence-hopping patterns having a sufficiently acceptable overall performance
parameter are reserved for transmitting high power control signals. In other words, it is
advantageous to assign sequence-hopping patterns in such a way that no sequence-hopping
péttern has a poof overall near-far resistant ratio relative to the sequence-hopping pattern(s)
assigned to higher power control signals. |

it will be appreciated that a set of sequence-hopping patterns may be generated |
according to the intelligent process using performance parameters different from the mutual
hear-far resistoant ratio d_iscussed above. Further, it will also be appreciated that the intelligent
pseudo-random process may use multiple performance parameters to determine how best {o
palr sequences in adjacent channels. |

It will also be appreciated that the sequence-hopping patterns generated according to
any of the above-described processes may be used to IQ-multiplex control signals in the E-
RICH and the E-RGCH. For example, if sequence k spreads the control signal in the E-HICH
for a given user in a particular slot, the: E-RGCH addressed to the same uéer uses the sequence
(k+20) in the same slot folr the E-RGCH control signal. In this way, the bit-level Hadamard
sequences for E-HICH and E-RGCH assigned to the same user simply differ by the complex
multiplier j. Figure 12 illustrates an exemplary block diagram for implementing this 1/Q
multiplexing. As shown in F-i.gui'e 12, this 1/Q multiplexing techniqgue may simplify the
implementation of the receiver. |

" The processes described herein may be used to obtain seqUence—hopping' patterns

suitable for one hop per TTl. However, the present invention is not so limited. It will be
appreciated by those skilled in the art that the processes described herein also apply to systems
that use a sequence-hopping pattern suitable for one hop per any desired time interval. In any
event, according to the present invéntion, a different bit-level Hadamard sequence referenced
by the corresponding sequence-hopping pattern spreads each control signal in each slot of a

TTI or predetermined time interval.

Any known code-multiplexer may use the above-described sets of sequence-hopping

patterns. Figure 13 illustrates one exemplary code-multiplexer for implementing any or all of the
above-described CDM processes. For purposes of illustration, Figure 13 only illustrates 3 sub-

channels each having a TTI of 3 slots. However, those skilled in the art will appreciate that the

present invention is not limited to the illustrated implementation.

As shown in Figure 13, the CDM system 10 comprises a control processor 30, an
ACK/NACK control signal 12, a rate control signal 14, and a sequence-hopping pattern 16 for
each mobile station 18. Multipliers 19 and 21 scale the control signals 12, 14, while multiplier



10

15

20

25

30

CA 02855313 2014-06-26

20 and summer 22 1/Q multiplex the s€aled ACK/NACK control signal 12 with the corresponding
scaled rate control signal 14 to generate a combined I/Q control signai 24.

Control processor 30 comprises a memory 32 and an assignment processor 34.

Memory 32 stores a set of sequence-hopping patterns generated according to any of the above-
described methods. Based on the generated set of sequence-hopping patterns, assignment
processor 34 selects and assigns a sequence-hopping pattern to each mobile station 18. In one
embodiment, assignment processor 34 may select and assign the sequence-hopping pattern 16
sequentially, i.e., sequence-hopping pattern 1 to mobile station 1, sequence-hopping pattern 2
to mobile station 2, sequence-hopping pattern 3 to mobile station 3, etc. Alternatively, in
another embodiment, assignmen‘t processor 34 may select and assign the sequence-hopping
patterns 16 based on one or more variables provided by control signal 36. For example, contro!
signal 36 may indicate to assignment processor 34 which mobile stations 18 are associated with
high transmission powers (far mobile stations) and which mobile stations 18 are associated with
low transmission powers (néér- mobile stations). Based on this, assignment processor 34 may
assign sequence-hopping patterns 16 having an acceptable mutual near-far resistant ratio (as
discussed above) to the mobile stations 18 associated with high transmission powers.

In any event, mulitiplier 26 multiplexes each assigned sequence-hopping pattern 16 with
combined I/Q control signal 24. As described above, the sequence indexed by slot 1 of
sequence-hopping pattern 16 spreads the control signal in Slot 1. For example, for mobile
station 1, sequence 2 spreads the combined 1/Q control signal 24 inslot 1. Similarly, sequence
3 spreads the combined |/Q control signal 24 in slot 2 and sequence 4 spreads the combined
/Q control signal 24 in slot 3. This occurs for each mobile station 18. Combiner 40 then
6ombines the spread control signals 28.‘ Multiplier 42 spreads the output of combiner 40 using a
common OVSF channelization code 44 to generate the output control signal to be transmitted to
each mobile station 18. .

- The present invention may, of course, be carried out in other ways than those
specifically set forth herein without departing from essential characteristics of the invention. The
present embodiments are to be considered in all respects as illustrative and not restrictive, and

all changes coming within the meaning and equivalency range of the appended claims are

intended 1o be embraced therein.

10
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method of generating a set of sequence-hopping patterns for code-multiplexing
control signals onto a shared control channel, the method comprising:

(a) generating a sequence-hopping pattern using a pseudo-random process, the
sequence-hopping pattern comprising a sequence of indices, each position within the
sequence corresponding with a time slot of the shared control channel, and each of the
indices identifying a particular Hadamard sequence for bit-level spreading of a control
signal, wherein none of the indices is repeated within the sequence-hopping pattern;

(b) determining whether the generated sequence-hopping pattern is identical to any
sequence-hopping pattern in a set of sequence-hopping patterns,

(c) responsive to the generated sequence-hopping pattern not being identical to any
sequence-hopping pattern in the set, adding the generated sequence-hopping pattern to

the set; and
(d) repeating steps (a) to (c) until the set contains a predetermined number of the

sequence-hopping patterns;
wherein none of the indices is repeated at the same position across the set of

sequence hopping patterns.

2. The method of claim 1, wherein the pseudo-random process comprises a Galois

field operation using a primitive element.

11
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| ENGTH-20 HADAMARD SEQUENCES

Co=(11111111111111111111H)0

Cr =(1-1-111-1-1-1-11-11-11111-1-117
Co=(1-111-1-1-1-11-11-11111=-1-11-1]1
Ca=(111-1=1=-1-11-11-11111-1-11-1-1)7T
Ca =(11-1-1-1-11-11-11111-1-11-1-117
Cc =(1-1-1-1-11-11-11111-1-11-1-1110!
Ce =(1-1-1-11-11-11111-1-11-1-111-1)!
Cr =(1-1-11-11-11111-1-11-1-111-1-1!
Cag =(1-11-11-11111=1-11-1-111-1-1-1T
Cg =(11-11-11111=1-11-1-111-1-1-1-1)"
Cig = (1 -11=11111-1-11-1=111-1-1-1-11)7
Ciq = (11-11111-1-11-1-111-1-1-1-11-1T
Cio = (1-11111-1-11=1-111-1-1-1-11-11)7
Ci3 =(11111-1-11-1-111-1-1-1-11-11-1!
Cial= (1114 -1-11-1-111-1-1-1-11-11-117
Cig =(111-1-11-1-111-1-1-1-11-11-111)7
Cig =(11-1-11-1-111-1-1-1-11-11-11110!
Ci7 =(1-1-11-1-111-1-1-1-11-11-11111F
Cag =(111-1-111=1=1-1-11-11211111-1)7
Cig =(11-1-111-1-1-1-11-11-11111-1-1)f

FIG. 1
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E-HICH FOR

“

E-HICH FOR
NEAR-END USER

l ACK i ACK ’ ACK F— -
16 ' (j
S, l 12 ] 23 37 I—/

N o e/

SEQUENCE HOPPING PATTERN

FIG. 5
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150
l 100 CONSTRUCT SET OF
e SEQUENCE

GENERATE RANDOM -—l HOPPING PATTERNS
PERMUTATION | L
— 1 |

ID PAIRS OF SEQUENCES
110 ' HAVING A DESIRED
YES PERFORMANCE PARAMETER

ALREADY
EXISTS?

NO

120 170
ADD GENERATED .
RANDOM PERMUTATION | _________?\_f_VAP SEQUEN?ES

TO EXISTING TABLE

180

130 NO
' NO
£
vl B2 190
140 N
END .

FIG. 7 FIG. 10
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