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(57) A preamble for a reverse access channel (RACH) of a CDMA (code division multiple access) communications
system comprises a pair of constituent Golay sequences A and B concatenated at least one pair, and preferably a
plurality of different pairs, of transformed sequences which are also constituent Golay sequences, each pair of
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locations of elements 1n the sequences, a concatenation of subsets of elements 1n odd and even locations of the
sequences A and B, and combinations of these permutations. A method for providing the preamble, and related
apparatus using a bidirectional counter (30) and an address permutation unit (32), are described.
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Abstract of the Disclosure

A preamble for a reverse access channel (RACH) of a CDMA (cods division
multiple access) communications system comprises a pair of constituent Golay sequences
A and B concatenated at least one pair, and preferably a plarality of different pairs, of
transformed sequences which are also constituent Golay sequences, each pair of
transformed sequences comprising a permutation of elements of the pair of sequences A
and B. The permutations can include a reversed order of elements in the sequences, a
reversed order of some or all of a set of address bits identifying locations of clements in
the sequences, a concatenation of subsets of elements in odd and even locations of the
sequences A and B, and combinations of these permutations. A method for providing the
preamble, and related apparatus using a bidirectional counter (30) and an address |
permutation unit (32), are described.
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PREAMBLE USING GOLAY SEQUENCE FOR ACCESS CHANNEL
IN CELLULAR COMMUNICATIONS SYSTEMS

This invention relates to preambles using a Golay sequence for an access channel,
in particular a so-called reverse access channcl (RACH), in a cellular communications
system.

Background of the Invention

In cellular communications systems, for example in a wireless cellular
communications system using CDMA (code division multiple access) techniques for
communications between a mobile terminal or station (MS) and a base station (BS), it is
wall known for the BS to transmit a pilot signal and a broadcast message including a
prearmble. On being powered up in a cell associated with the BS, a MS uses the pilot
signal for synchronization to the BS, and downloads information including the preambie
from the broadcast message. Having accordingly determaned the timing of the BS, the
MS transmits the preamble on the RACH. This is detected by the BS using corrclation
techniques, o that the BS is informed of the MS, and it can proceed with establishing
copmunications on a traffic chanoel between the BS and the MS.

In submission TSGR 1#3(99)205 to the TSG-RAN Working Group 1 mecting #3,
March 22-26, 1999, entitled “New RACH preambles with low auto-correlation sidelobes
and reduced detector complexity” (a copy of which is included herein as an Appendix at
the end of the description), it is proposed that the preamble, which comprises 4096 code
chips providing one of 16 orthogonal signatures of length 16 complex signals, be
provided by binary Golay sequences, which have the advantageous property that the sum.
of their aperiodic auto-correlation functions is zero for all non-zero time shifts.
Consequently, that submission proposes that the preamble be formed from a pair of
complementary sequences A and B, which together constitute a Golay sequence and are
referred to as constituent Golay sequences, each of 256 chips, repeated in a specific one
of 16 signature patterns, so that the overall sequence has a length of 4096 chips, as shown
by Table 1 below.

In Table 1, the signature patterns include the sequences A and B in normal and
inverted forms, the inverted forms being denoted -A and -B respectively. The 4096 chips
of an overall sequence can conveniently be included in one 10 ms time &lot, the conastituent
Golay sequences A and B being individual to a specific cell and/or BS, and the above

~ signature patterns being the same for all cells and base stations.

In contrast to using longer distinctive codes or sequences each of 4096 chips to
identify the BS and any of 16 users, for which matched filtering would be required for
sequences of 4096 chips, this preamble construction enables the maiched filtering to be

applied to the much shorter sequences of 256 chips, with a consequent substantial
reduction in cornputational complexity.

. .,.““"“—'—_W_. e
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A A B B A -ABB A-AB B A A B B
A A B B A -A-BB -A A BB -A-AB B
A A B B A A BBAADBUBA-A-B B
A A B -B A A BB -A-A-B-B-A A B -B
A A B B .A A B B A -AB B -A-A B B
A A B B A A BB A A BB A A B B
A A B B -A-ABB A A BB -A A B -B
A AB B -A-ABUB-A-A B -B A -A-B B
A A-B B A -AB -8B A -A-BB A A BB
A A B B A -AB B -A A B B -A-A-B B
A A B B A A BBAA-B B A -AB B
A -A-B B A A BB -A-AB B -A A BB
A A B B -A A BB A-A-B B -A-A -B B
A A B-B-AA BB -A A B B A A B B
A A B B -A-A-B-B A A BB -A A B B
A A B B -A -A-B-B -A-AB B A -A B -B

Table ]

It has been found, however, that Golay sequences (and Gold code sequences
which have previously been proposed) produce substantial ¢ross correlation peaks for
5  time shifts coresponding to 256 chip boundaries, corresponding for example to a
communication distance of about 9 km. Such updesired cross correlation peaks are
understood to be due to the repetitive nature of the constituent sequences in the signature

patterns discussed above, and present a significant challenge if the delay due to
communications distance can correspond to the preamble length or 2 multiple of the

10 preamble length, and hence for situations where it 1s desired to use a relatively short
preamble and relatively large cell sizes.

Accordingly, aspects of this invention seck to provide an improved preamble, and
method for providing such a preamble, for use in an access channel of a communications
system, & method of producing an extended sequence from a pair of constituent Golay

15 sequences, and related apparatus.
Summary of the Invengion . .

One aspect of this invention provides a method of producing an extended sequence
from a pair of constituent Golay sequences A and B, comprising the sieps of.
transforming the pair of constituent Golay sequences A and B to form at least one pair of

20 transformed sequencas which are also constituent Golay sequences; and concatenating at
least two of said pairs of constituent Golay sequences to produce the extended sequence.

CA 02276971 1999-07-06
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sequences. The permutation can comprise, for example, a reversal of the order of
elements in the scquences, a reversal of a set of address bits identifying locations of

" elements in the sequences, a reversal of some but not all of a set of address bits

identifying locations of elements in the sequences, or a concatenation of subsets of
elernents of the sequences selected by decimation, for example a concatenation of two
subsets of elements, in even and odd locations in the sequences, or it can comprise
combinations of these permutations.

The invention also provides a method of prodncing a preamble for use on an
access chennel of a cellular communications system, wherein the preamble includes an

extended sequence produced by the above method. In particular, each of the constituent
Golay sequences A and B and each of the transformed sequences can compnse 256

different transformations of these sequences A and B.

Another aspect of this invontion provides a method of providing a preamble for an
access channel of a CDMA (code division muitiple access) communications system,
comprising the steps of: providing a pair of constituent Golay sequences A and B;
permuting elements of the pair of sequences A and B to form at least one pair of
transformed sequences which are also constituent Golay sequences; and concatenating
said at least one pair of transformed sequences with the pair of constituent Golay
sequences A and B for use as an extended sequence in the preamble.

The preamble can be provided by a concatenation of the pair of constiraent Golay
sequences A and B with a plurality of pairs of said transformed sequences according to
different permutations of the elernents of the pair of constituent Golay sequences A and B.
The step of permuting elements of the pair of sequences A and B can comprise a revarsal
of the order of elements in the sequences, a reversal of at least some of a set of address
bits identifying locations of elements in the sequences, or a concatenation of two subsets
of elements of the sequences, the two subsets corresponding respectively to even and odd
locations in the sequences.

The invention further provides apparatus for use in carrying out the above
methods, comprising a memory for storing elements of each sequence, and address
control means for addressing the memory for writing to or reading from the memory
consecutively at locations according to the transformed sequences. The address control
means can comprise a bidirectional counter for supplying memory addresscs incremented
in either of two opposite directions, and an address permutation unit for permuting said

02276971 1999-07-06
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addresses in accordance with the transformed sequences and for supplying the permuted
addresses to the memory. ,

Yet another aspect of the invention provides a preamble for an access channel of a
CDMA (code division multiple access) communications system, CoOmprising a pax of
constituent Golay sequences A and B and, concatenated with the pair of constituent Golay
sequences A and B, at least one pair of transformed sequences which arc also constituent
Golay sequences, each pair of transformed sequences comprising a permutation of
elements of the pair of sequences A and B.

The preamble can comprise a plurality of pairs of said transformed sequences
having different respective permutations of the elements of the pair of sequences A and B.
In pm'ticular, respective pairs of transformed sequences can comprise the pair of
sequences A and B with a reversed order of elements in the sequences, the pair of
sequences A and B with elements in the sequences permuted in accordance with a ,
reversed order of at least some of a set of address bits identifying locations of elements in
the sequences, and elements in odd locations of the pair of sequences A and B
concatenated with elements in even locations in the pair of sequences A and B.

The invention will be further understood from the following description with
reference to the accompanying drawings, in which:

Figs. 1 to 4 are diagrams illustrating various transformations any of which may be
carried out in implementations of the invention;

Fig. 5 schematically illustrates in 2 block diagram stages of a Golay sequence
generator known in the art;

Fig. 6 schematically illustrates in a block diagram stages of a Golay sequence
correlator known in the art; and |

Fig. 7 schematically illustrates in a block diagram a preamble correlator and
signature detector according to an embodirment of the invention.

Embodiments of this invention serve to perform various transforms, alone or in
combinations, on the constituent Golay sequences that are used to provide & concatenated
preamble and signature, in 2 manner that can eliminate or substantially reduce the
undesired cross correlation peaks discussed above. Some of these transforms are referred
to as sequence reversal, address bit reversal, partial bit reversal, and resampling or even-
odd partitioning, and are discussed in further detail below. The invention is also
applicable to other transforms, and combinations of these and other transforms, that
provide similar results and that may occur to those of ordinary skill in the art and/or axe
discussed later below. In each case the ransform is applied to the two constituent Golay

02276971 1999-07-06
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sequences A and B to result in another two sequences which, it can be shown, are aiso
Golay sequences.

Sequence Reversal

This transform reverses the order of all of the elements of the constituent Golay
5 sequences A and B to produce new constituent Golay sequences A* and B* respectively.
Thus if the sequences A and B are given by:

Am[a. 83t i b B by,By,.. by, by ]
then the saquences A* and B* are given by:

AY -[ BN, AN+ 32, 31 ]; B* -[ bn. by-15--- b,, by ]
10 The preamble and signature can then be formed from both the two constituent
'Golay sequences A and B and the two reversed sequences A* and B*, in each casc with
N = 256 chips, as shown by the following Table 2, in which the 16 signature pattems,
represented by the normal and inverted (-) forms of the sequences, are the same as in the

following Table 2:
15
A B A* B* A B -A*B* A .B A* B* A B -A* -B*
A B A* B* A -B -A*B* -A B -A* B* _.A .B A" B*
A B A* -B* A B -A* B* A B A* B* A -B -A* B*
A B A* -B* A B -A* -B* -A -B -A* .B* -A B A* -B*
A B A* B* -A B A® -B* A -B A* .B* -A -B A* B~
A B A* B* -A B A* -B* A B -A* B* A B -A* -B*
A -B A* -B* -A -B A* B* A B A* B* -A B A* -B*
A -B A* B* -A -B A* B -A -B -A* -B* A -B -A* B*
A B -A* B* A -B A* .B* A B -A* B* A B A* B*
A B -A*-B* A B A* -B* -A B A" -B* -A -B -A* -B*
A -B-A*B* A B A* B A B -A* -B* A -B A* -B*
A -B-A*B* A B A* B* .A -B A* B* -A B -A* B*
A B -A*.B* -A B -A* B* A .B -A* B* -A -B -A* -B#*
A B -A* B* .A B -A* B* A B A* .B* A B A* B*
A -B -A* B* -A -B -A* B* A B -A* -B* -A B -A* B”*
A B -A* B* -A -B -A* B* -A -B A* B* A -B A* -B*

Table 2

Fig. 1 diagrammatically illustrates this transform for a simple case of 16 clements
(N = 16) in a sequence A represented by dots at the top of the illustration, these being
reordered as shown by lines into a sequence A* represented by dots at the bottom of the
20  illustration. -

CA 02276971 1999-07-06
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Bit

This transform reverses address bits, represented as binary numbers from 0 to
N-1, which can be used to identify the elements of each of the sequences A and B, to
produce new constituent Golay sequences A' and BF respectively. Thus for example for
5 N =256, the elements a4, ay, 83, ..., 8254, 3255, 325¢ Of the constituent sequence A can be
identified by the binary numbers 00000000, 00000001, 00000010, ..., 1111 1101,
11111110, 11111111 respectively, which are reversed to give the binary numbets
00000000, 10000000, 01000000, ..., 10111111, 01111111, 11111111 respectively,
corresponding to the elements 2y, 2179, ags, .--. 8192, 8128, 856 respectively forming the
10 transformed sequence A'. the sequence B is transformed to the sequencs BF in the same
manner. This is in effect a random permutation of the positions of the constituent Golay
sequences A and B, so that the transformed sequences AF and Bf are also Golay
sequences.
As described above in relation to sequence reversal and Table 2, the preamble and
15 signatre can be formed from the constituent Golay sequences A and B and the
wansformed sequences AT and BY, the latter transformed sequences substituting for the
wransformed sequences A* and B* in Table 2. |
Fig. 2 diagrammatically illustrates this transform for a simple case of 16 elements
(N = 16). As in the case of Fig. 1, the sequence A 1s represented by dots at the top of the
20 illustration, and these are reordered as shown by lines into the sequence A' represeated by
dots at the bottom of the illustration.

Partial Bit Reversal
This transform is similar to the address bit reversal described above, but reverses
only a subset of the address bits, again represented as binary numbers, without making
25  any change in the positions of the other address bits. For example, the most significant
one of the address bits may be unchanged for each element of each sequence, with the
other binary address bits being reversed in the manner described above, with the result
that the transform reorders the elements of the sequence A in two distinct groups to form a
transformed sequence AZ", The elements of the sequence B are reordered in the same way
30  to produce a transformed sequence B2, A2 and B4 are again constituent Golay
sequences which can be used in place of the sequences A* and B* or AT and BT as
described above. Other partitions between the unchanged and changed address bits can
alternatively be made. |
Fig. 3 diagrammatically illustrates this transform for a simple case of 16 elements
3§ (N =16). Asin Figs. 1 and 2, the sequence A is représented by dots at the top of the
illustration, and these are reordered as shown by lines into the sequence A% represented
by dots at the bottom of the illustration, the reordering in this case being in two groups in

CA 02276971 1999-07-06
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that the most significant bit for each element address is not changed, and the remaining 3
bits for each element address are reversed.
Resampling or Even-Qdd Partiboning

This transform concatenates two (or mors) sub-sequences of the elements of each
of the sequences A and B obtained by decimation sampling to produce transformed
sequences AS apnd B3 respectively. The transformed sequences AS and BS are again
constituent Golay sequences which can be used in place of the other transformed
sequences as described above. For example, dividing the sequence A into two (even and
odd) sub-sequences, its elements al to an are reordered as: '

AS =[ 2], 83, ... N1, 22, &4s oy 3N ]
and the sequence B is similarly reordered to produce the sequence BY.

Fig. 4 diagrammatically illustrates this transform for a sitnple case of 16 elements
(N = 16). Asin Figs. 1 to 3, the sequence A is represented by dots at the top of the
illustration, and these are reordered as shown by lines into the sequence A3 represented by
dots at the bottom of the illustration.

The above are examples of transforms that can be used to pexmute the elements of
the copstitluent Golay sequences A apd B to form new constituent Golay sequences, and it
can be appreciated that numerous other transforms can similarly be used. In addition,
various combinations of these transforms can be used. For ¢xample, the clements of two

of such transforms, or of one of such transforms and of the original constituent Golay
sequences A and B, can be combined in an exclusive-or (XOR) logic operation to result in

further constituent Golay sequences AX and BX. For example:
=A®A’ "“-'w'[ 2, ®a;,a Pan,...an Py ]
and similarly for the sequence Bx.

It can be appreciated that although Table 2, and its equivalents using other
transformed constituent sequences as described above, provides a reduced repetition of
sequences within the overall sequence of 16 x 256 = 4096 chips, this repetition can be
further reduced by use of different combinations of the transform sequences described
above in a hybrid concatenated manner. By way of example, instead of the cycle A, B,
A* B* which is repeated four times as shown in Table 2 for each of the 16 signatures
(determined by the absence and presence of - signs), a cycle of 16 original, transformed,
and repeatedly transformed sequences can be used to provide an effective sequence of
4096 chips. |

One example of this is given by the following Table 3:

02276971 1999-07-06
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A B A* B* Ar Br Av B¥r AS
Table 3

Cl1

Dl

~El
B A®S B*§ AU BZT A¥X Bl

F1

Gl

In Table 3, A to H and A1 to H1 represent respective ones of 16 constituent
sequences produced as indicated by the second line of the table. For example, the
5 sequence H is constituted by the sequence B after sequence reversal to produce the
sequence B* as described sbove, this then being subject to transformation by address bit
reversal as described above to produce a sequence B¥F. It can be appreciated that the
concatenation alternates first the A and B constituent sequences and their respective
transforms and then the sequence reversed transformations. Table 3 does not indicate the

10

bls Yl SdlY 1U B 1 819 YoJ 2470 VM.11/720

H1

absence and presence of - signs representing the 16 signatures. Using for simplicity the

nomenclature A to H and Al to H1 of Table 3, the following Table 4 illustrates a possible
allocation of 16 Hadamard-Walsh signatures which are amranged to facilitate operation in a

high Doppler frequency environment:

1 A B C D E F G H Al
2 A -B C D E -F G -H Al
3 A B C D E F -G -H Al
4 A -B -C D E -F -G H Al
5 A B € D E -F -G -B Al
6 A B C D E F -G H Al
7 A B € D -E -F G H Al
8 A B -C D -E F G -H Al
9 A B €C D E F G H -Al
10 |]A -B C D E -F G -H -Al
11 {A B -C D E F -G -H -Al
12 |]A B -C D E -F -G H -Al
13 J]A B C D -E -F -G -H -Al
4 |A -B C -p E F -G H -Al
15 |]A B L D -E -F G H -Al
16 |A -B -C D -E F G -H -Al

Table 4
15 |

B1
-B1

B1

-B1
Bl
-B1

-B 1
Bl

Cl Dl EIl

Cl
-Cl
-Cl1

Cl
Cl

-D1

-D1
D1

El
El

Instead of using transformations of a single pair of constituent Golay sequences A
and B as described above to produce longer effective Golay sequences, this can also be
done by using another pair of constitnant Golay sequences C and D which are not

02276971 1999-07-06
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derivable by transformation from the pair A and B. Thus for example a cycle of four
constituent sequences A, B, C, and D can be repeated four times to produce the

16 x 256 = 4096 chips overall sequence length, with the 16 sigpatures being provided as
described above by selective inversion of the individual ones of the constituent sequences.
In addition, the transformation techniques described above can be applied to the sequences
C and D as well as to the sequences A and B. However, this use of additional sequences

C and D results in increased computational complexity and does not appear to produce
improved cortelation results.

Fig. 5 illustrates two stages 10 and 12 of a known Golay sequence generator
which can be used to generate the constituent Golay sequences A and B. Bach stage 10 or
12, shown within a dashed line box, has two inputs and two outputs, and the stages are
concatenated with the two inpasts of the first stage suppli'ed with a binary 1 and the two
outputs of the last stage providing the sequences A and B. Although only two stages arc
shown in Fig. 5, in fact the generator has P = log,N stages for providing sequences of
length N. Thus for sequences of length N = 256 as described above, there are 8 stages of

the Golay sequence generator.
The generator stages 10 and 12 all have the same arrangement of a delay unit 14

having an input coupled to one input of the generator stage, a multiplier 15 for multiplying
the output of the delay unit 14 by a coefficient W, and cross-coupled adding and
subtracting units 16 and 17 for providing respectively the sum and the difference of the

other input of the stage and the output of the multiplier 15 to constitute the outputs of the
generator stage. The gencrator stages differ from one another in the delays provided by

the delay units 14, these delays being powers of 2 from 29 to 2P-1 and being arranged in
any order among the stages, and the weights W which in Fig. 5 are indicated as W, and
W, for the generator stages 10 and 12 respectively. For binary Glolay sequences the
weights W are binary weights of value 1.

It is observed that the choices of the weights W and the order of the delay stages
of the generator can be selected to provide optimum properties for the resulting constituent
Golay sequences A and B. .

Fig. 6 illustrates two stages 20 and 22 of a known Golay sequence correlator
which is referred to as an efficient Golay correlator or EGC. As in the case of the
generator of Fig. 5, the BGC of Fig. 6 has n stages where n = log,N and N is the
sequence length, with each stage having two inputs and two outputs, the stages being
concatenated with an input sequence supplied to both inputs of the first stage and
correlation outputs Ra and Rb produced at the outputs of the last stage. Each correlator
stage includes a delay unit providing a delay from 22 to 271, a multiplier with a respective
weight W of +1, and cross-coupled adding and subtracting units, in an arrangement

CA 02276971 1999-07-06
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which is similar to that of the Golay sequence gensrator except that the delay unit is

provided in the other input path.
The use of the EGC of Fig. 6 for the RACH of a cellular communications system

are known for example from submission TSGR 1#3(99)205 referred to above. In
addition, reference is directed to 5. Z. Budisin, “Efficient pulse compressor for Golay
complementary sequences”, Electronics Letters, Vol. 27, No. 3, pp- 219-220, Jan. 1991.
As these aspects are known in the art, they are not further described here.

Fig. 7 illustrates a block diagram of a preamble correlator and signature detector

according to an embodiment of the invention. Such an arrangement is provided for
example in 2 BS receiver of a cellular communications system, and it can be appreciated
that a complementary arrangement, with similar address permutation {0 perform the
transforms as dsscribed above, is provided for producing the concatenated preamble and
signature.

For constinient sequences of Jength N = 256, the detector of Fig. 7 comprises an
8-bit bidirectional counter 30, an address permutation unit 32, a 256-sample dual port
RAM 34, a Golay sequence correlator 36, a multiplexer 38, a Fast Hadamard Transform
(FHT) unit 40, and a clock and control unit 42 which supplies clock and control signals to
the other units via clock and control lines which are pot shown. Input samples are
supplied to an input of the RAM 34 and are stored therein, at addresses provided by the
unit 32 via an 8-bit address bus 44 as further described below, in sets of 256 samples
corresponding to the Golay sequence length. The samples are read out consecutively
from the RAM 34 to the correlator 36, which has the known EGC form indicated above

with reference to Fig. 6. The correlator outputs Ra and Rb are supplied via the
multiplexer 38 to the FHT unit 38, which serves in known mannex to provided a final

detector output for example in accordance with the signatures of Table 4 above.

These signatures are of length 16, so that over the duration of the preamble of
4096 chips 16 sets of 256-chip samples are processed in the units 36, 38, and 401n 2
substantially known manner. The umits 30 and 32, operating under the control of the
clock and control unit 42, provide a corresponding synchronized cycle of 16 address
permutations for these scts, in accordance with the transforms described above and for
example in the manner represented in Tables 3 and 4. |

To this end, the address permutation unit 32 is arranged to provide & cyclic

selection from among different sets of connections between its inputs and its outputs, as is
represented diagrammatically in Fig. 7 by selector switches at the (8-bit wide) input and
output of the unit 32. Within the unit 32, these connections can be m the form of direct
connections between the inputs and outputs corresponding to the llustrations of Figs. 1
to 4 and their variants as described above, for example as given by Table 3. The sequence
reversal transforms (indicated by the * in Table 3) are conveniently effected by reversing

CA 02276971 1999-07-06
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the count direction of the counter 30, so that samples are stored in the RAM 34 ata
reversed sequence of addresses from that from which they are read out to the correlator.

" For the other transforms (e.g. Ar, AS, and A2 in relation to the sequence A) represented

in Table 3, respective scts of direct connections are selected cyclically by the vnit 32 in
accordance with Figs. 2, 4, and 3 respectively, in comparison to straight-through (i.e. not
permuted) connactions for the sequence A.

Accordingly, the various transforms represented in Table 3, or other transforms
that may be used, can be sasily provided by an arrangement such as that of the
bidirectional counter 30 and address permutation unit 32.

It can be appreciated that although Fig. 7 and the above description relate to
permuted storage in, and consecutive read-out from, the RAM to provide decoding of the
transformations described above, these operations could be interchanged with equivalent
effect. In addition, it can be appreciated that substantially the same operations can be
provided in mb'mnﬁany equivalent manner for effecting the ransformations in generating
the transformed sequences. Thus for example the correlator 36 of Fig. 7 could be
replaced by a Golay sequence generator, having the form of Fig. 5, whose output is
supplied to the RAM, an output of the RAM providing the gencrated and transformed
sequences, with a similar counter and address permutation to that shown in Fig. 7.

Although particular embodiments of the invention and various alternatives have
been described in detail, it should be appreciated that numerous modifications, variations,
and adaptations may be made without departing from the scope of the invention as defined
in the claums.
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APPENDIX

TSGR1#3(99)206

TSG-RAN Working Group 1 meating #3
Nynashamn, Sweden
March 22-26, 1999

Agenda item:

Sowroo: Ericsson

New RACH preamblas with low auto-correlation sidelobes
and reduced detector complaxity

1 Introduction

The premnble part of the random sccess burst tignal formet proposad for UTRA/FDD bag the leagth of 4056 code ahips [1).
The consists of 4 sigrnature of langth 16 complex symbolks. which are spread by & common, 256 chip long
Orthiogunal Gold sequence called preambls spreading code. In toeal thern are 16 diffexent signatixres, obtained from the
orthogonal set of binary Orthogonal Gold sequences of length 16, by muldplying each binary oode with the constant complex

aumber C= (1+f¥+/2 , whore j=v—1.

The UE wansmissiont of the raadom access bursts can stt at a number of wall-defined time offsets (acoess slota), which are
synohronised o the frame syné of the pricsry CCPCH, The prinmry CCPCH frame syné is extracted after the cell search
nrocedurs in the UE. Therefore the random 800¢ss preambles are recaived at the base station at the deginning of cach acooss
sloz interval with the time uncertainty equal to the round-trip propagation delay.

The cusrent random access preamble construction allows simplified realisstion of the bank of correlators required In the base
station yandom aocess receiver if this time Unoextainty Is stoaller dhan 255 chips. However, the apsriodac auto-corrslation
sidelobes of such codes are rather high, which means thw the RACE proamblc might be detected at wyong time positons. In
other words, the preamble detection probability at correct tipe positions Is deteriorated for moderats 1o lugh signal-to-polse
ratfos. Therefore it Is desirable 1w find andther random socess preamble construction, which would also produce an orthoge: -1
set of preemble codes with much lower aperiodic auto-correlation sidelobes, facilitating an efficient mazched fitter
implermenrarion,

2  Golay complementary sequences

mmmmmmbmdmmmmumuqmmumwmmm
property of the binury sequonces from the Golay complementaty pair is that the sum of thelr speriodic auto~correlation
fonctions equnls zevo for all non-zero tme shufts. The Golay sequences can be conswructad for any length =25, whete N it

any positive intéger, and also for lengths 10 and 26, or for any combination of those three lengths. Besides the complementary
property, such ségucnces sxhibit some additional properties which maks them attractive as synchronisation codes: (hey have
low aperiodic auto-cotrtlation sidslobes, and there is a large muxmber of them for 4 given cods kugth.

RMWmofhtgthH". there it a general method for the construction of polyphase complementary pairs of
sequences, whers the Golay complementary sequences are just 2 special, binaty esse. That general construction 1s defined by
the following recursive relation [2).

ak) = &%)

&olk) »= (k) :

(k) = @) (K + Wby (K-D0)
buk) = api(K) - Wu'au-la‘pﬂ) '
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k=0,1,2,...,2%1,
n-= 11 2\ vemg Nv

Dl = 2’. 7

a0 and b.(K) ave two complementsry sequences of length 2",
8(k) is the Kronscker dclts Amcton,
thmwmmﬁuwds

Figure 1: Efficiont Golny Correlator (EGC).

The boxes in Plgure 1 ropresent the cotresponding delay lines with D, memory elements. The aumber of puillp ;
mhmnm;mumwwmwnmuzmm¢mu
the BGC Is 2-log(L), whils In the straightfoawand mazched fiker implementarion it would be L-1. The number of memory
slaments required for the BOC is -1 (mDy+Dat.. D), the 3ame a3 for the stralghtforward implesnentation of 4 single

matthed filter corresponding to one of the complementafy SCqULROLS.

3  Efficient Golay correlator with reduced memory

In the cuse when the axpeoted delays © of input signal sre Bmited o ba iicT,,,; chips. Ik is
Golay correlator with reduced mamocy. The BOC with reduced memory is batcd on the representarion of a Goluy sequence of
mwd-rmhmwuwmusmdmmmwm
A and B(k) of 11gth Tiuee This relerion is a simple cousequance of the general recursive construction (1), which can
actually start fom any complementary pair of sequences. Namely, if the initial vectors ao(k) and (k) sre taken to be

a(k) = A(E),
b)) = B(%), £=0, 1, ..., Tourl, (2)

where A(K) MB(k)m&nm schitrary cotoplamentary sequences of isngth T the resulting pair of complomontary
sequonces of leagth L=2"=J.T,... is generated aftar J fiarmtions. Note that all the delays D, in (1) sheuld be multiplied by ths
longth of constituent sequences (7,.4.)-

licasions in the
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gresmble correlator wi redunced meamory, arresponding to the above sct of 32 csthogonal preambles i3 shown in
mzmnmbadmm:;ﬁmwmwhmmammqmmmw e
mmhmm.ﬂm,hwmdeﬂmMmMﬂmnmm to

ase of BOC imstesd of preamble spreading code matched filter. |
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Figure 2: Ths bank of RACH preambie correlators with reduced memory, matched to
32 orthogonal Golay sequences of length 4096.

The intetisaving funotion Zo(k) i camnacn for the 16 orthogons] preambles, while the intexjeaving function /() is common
for the other 16 orthogoual preambies. From Table 1 it can casfly be scen thar

I(k)={0,0,1,1,0,0,1,120,0,1,1,0,0, 1.1, },aed 5i(B)={1,),0,0,1,1,0,0,1,1,0,0,1,1,0, 0}.
Bach preamble has a unique "signature” sequences, which can also be sasily darived frotn Table 1. For example,
Signsture. 0 = Sigaature 16w {3,1,1,1,1,-1,-1, 1, ,-1,1,-1, 1, 1,-1, -1). '

- The set of 256 palrs of constitnen Golay sequences A(K) and B(X) (corresponding 10 the set of 256 cell specific
prearcbls spreading codes) 1s defined by (1), whers the peymntation vector P, is commnon for all pairs and is given by

Po={0.2,15.64,7,3), 4

while the cberespohding 256 weighting vectoxt WAV.N), v =0, 1, ..., 255, are defined as the 8-bit binary represeptations of
integsxa {0, 1, 2, ..., 255), 3.0 ,

Wva)= )50 3=0,1,...295, #=1,2.,....8 (53)
wmn.a)kthu-thbﬁtinduB&lmm’mﬁmotmpmm:.ic.

(3b)

palrs can be detected by using the same comrelator showa in Figure I, by adapting only the

‘—_—W—'—"—m
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4 ° Implementation complexity

The number of addess i 32 (=16+16) for the GCS, compared w 271 (=255-+16) adders for the OGS.

‘The number of muiltipliers is 24 (w8+16) for Be GCS, compared to 272 @236+16) multiphecs for the OGS.
There is a nuiltipiexer (switch) for GCS whils thers is no multiplexer for OGS.

The lengths of delay hines are the same Iu both cases.

5§  Aperiodic autocorrelation properties

) koplementition efficiency, the new preambies
performances in toem of the maxdipenm aheohues epasiodic autocorrelation sidelobes (MAS), whea compered with the current
preamble codes basad on concateuated orthogonal Gold saquences.

The MAS for all ths preambles based on the above prexmible soreading code are Listad in Table 2. The beusfits of the Golay
sequences in termms of reducod MAS 15 oloas. |

nu.z:msmmmmpmummmmmmm

Ths random access preambles are not completely asynchronous o the base stevion receiver beoauss the UE has the basic
infarmadion about base stwtion riming, but with an unosrtainty introduced by the round-alp propagation dolay berween the
base station and UR. The carrent assumption in UTRA/FDD is that ths round-trip delay is a2 most 233 chips to be able to 1

the proposed simplified receiver stroctue, so the spsriodio anto-oorrelation fanction of random access preamdies is actoally of
mort interest only in the region +/- 255 chipe around the main lobe. The maximam absolute values of apetiodic auto-
correlation sidelobes In the region +/- 255 chips around the mais Jobe are shown in Tahls 3 for the previously deacribed Golay
and conoatenatad Orthogonal Gold sequcnoes of kngth 4056.
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Table 3: MAS il the +/4 255 <bips region for preambles caxTesponding to oue particular preamble spreading code.

From Table 3 it oan be nodesd thes Golay sequencas have about 25 times lower avto-cotrelatiop sidelobes than the
conentenazed Orthogonal Gold sequences, in the 1egion +/- 255 chips around the main lobe.

particular codes evaluate above, the Golay sequences are supericr. Finally, the maximum absolate valucs
speriodic suto.correlation sidalobes in the region w4 235 axovud the maia Jobe are cvaluated for ¢l preambles. Both
the Golxy based 256 peirs of constitoens sequences A and B by (4) and (5) for all 32 axthogonal preambles of length
4098 corresponding w0 each soch pakr of constituent sequences, and the currant préambles based on comcatenated Orthogonal
Gold sequences heve been investigated. The results acc shown in Table 4.

Tablc 4: MAS in the +/- 255 chips ragion fer alk preambles.

It i3 cleay that forthe
of

L I B A

Table 4 shows that all §152 possible Colxy preambles of lengih 4096, have extremicly low maxixum amro-correlaton
sidelobed. Thoe avecage MAS ig 37, and 65% of the MAS values are between 27 and 37, A simple, but rather fair, comupacison

betwaed the two different preambile designs can be dobe by compacing the average MAS. The 6ld concatenated orthogonal
Gold prempbles have an average MAS 18 times (669/37) higher than the Galay based preamsbles.
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6 Conclusion

Ammdmmﬂu&mhmhhumm.mwolﬁeMMMNm
somplsmantary Sequences, axe:

$

4
¢

$1.13, UTRA FDD Sproading and modulation.
g} mmmWhmwMﬂw_MV&ﬂ.Nﬂ
19-220, Jan. 1991, '
g]:! M.JE.Golzy, "Complementary Series”, IRE Trans. on Informatdion Theory, VoLIT-7, pp.82-87, April 1961.
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WHAT IS CLAIMED IS:

1. A method of producing an extended sequence from a pair of constituent Golay
sequences A and B, comprising the steps of: _

transforming the pair of constituent Golay sequences A and B to form at least one
pair of transformed sequences which are also constituent Golay sequences; and

concatenating at least two of said pairs of constituent Golay sequences to produce
the extended sequence.

2. A method as claimed in claim 1 wherein the step of transforming the pair of
constituent Golay sequences A and B to form each pair of transformed sequences
comprises a permutation of elements of the sequences.

3. A method as claimed in claim 2 wherein said permutation comprises a reversal of
the order of elements in the sequences.

4, Anwthodasclairnédinclaim20r3whexain said permutation comprises a reversal
of a set of address bits identifying locations of elements in the sequences.

5. A method as claimed in claim 2 or 3 wherein said permutation comprises a reversal

of some but not all of a set of address bits identifying locations of elements in the
sequences.

6. A method as claimed in any of claims 2 to 5 wherein said permutation comprises 2
concatenation of subsets of elements of the sequences selected by decimation.

7. A method as claimed in claim 6 wherein there are two subsets of slements, in even
and odd locations in the sequences, that are concatenated.

8. A method of prodicing a preamble for use on an access channel of a cellular
communications system, wherein the preamble includes an extended sequence produced

by the method of any of claims 1 to 7.

9. A method as claimed in claim 8 wherein each of the constituent Golay sequences A
and B and each of the transformed sequences comprises 256 elements, and the preamble
comprises 4096 elements.

10. A method as claimex in claim 9 wherein the extended sequence comprises the
constituent Golay sequences A and B and seven different transformations of these
sequences A and B.
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11. A method of providing a preamble for an access channel of a CDMA (code
division multiple access) communications system, comprising the steps of:

providing a pair of constituent Golay sequences A and B;

permuting elements of the pair of sequences A and B to form at least one pair of
transformed sequences which are also constituent Golay sequences; and

concatenating said at least one pair of ransformed sequences with the pair of

- constituent Golay sequences A and B for use as an extended sequence in the preambile.

12. A method as claimed in claim 1 1 wherein the preamble is provided by a |
concatenation of the pair of constituent Golay sequences A and B with a plurality of pairs
of said transformed sequences according to different permutations of the elements of the
pair of constituent Golay sequences A and B.

13. A method as claimed in claim 11 or 12 whcreihthcstepofpcrinuting elements of
the pair of sequences A and B comprises a reversal of the order of elements in the

sequences.

14. A method as claimed in any of claims 11 to 13 wherein the step of permuting

elements of the pair of sequences A and B comprises a reversal of at least some of a set of
address bits identifying locations of elements in the sequences. |

15. A method as claimed in any of claims 11 to 13 wherein the step of permuting
clements of the pair of sequences A and B comprises a concatenation of two subsets of

elements of the sequences, the two subsets corresponding respectively to even and odd
locations in the sequences.

16.  Apparatus for use in carrying out the method of any of claims 1 to 15, comprising
a memory for storing elements of each sequence, and address control means for
addressing the memory for writing to or reading from the memory consecutively at
locations according to the transformed sequences.

17.  Apparatus as claimed in claim 16 wherein the address control means comprises a
bidirectional counter for supplying memory addressas incremented in either of two
opposite directions, and an address permutation unit for permuting said addresses in
accordance with the transformed sequences and for supplying the permuted addresses to
the memory.
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18. A preamble for an access channel of a CDMA (code division multiple access)

communications system, comprising a pair of constituent Golay sequences A and B and,
concatenated with the pair of constituent Golay sequences A and B, at least one pair of

transformed sequences which are also constituent Golay sequences, each pair of
transformed sequences comprising a permutation of elements of the pair of sequences A

and B.

19. A preambie as claimed in claim 18 comprising a plurality of pairs of said
transformed sequences baving different respective permutations of the elements of the pair
of sequences A and B.

20. A preamble as claimed in claim 18 or 19 wherein a pair of said transformed
sequepces comprises the pair of scquences A and B with a reversed order of elements in
the sequences. |

21. A preamble as claimed in claim 18 or 19 wherein a pair of said transformed
sequences comprises the pair of sequences A and B with elements in the sequences
permuted in accordance with a reversed order of at least some of a set of address bits
identifying locations of elements in the sequences.

22. A preamble as claimed in claim 18 or 19 wherein a pair of said transformed

sequences comprises elerments in odd locations of the pair of sequences A and B
concatenated with elements in even locetions in the pair of sequences A and B.
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