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DESCRIPTION

Description

TECHNICAL FIELD

[0001] This document is directed generally to wireless communications.

BACKGROUND

[0002] Wireless communication technologies are moving the world toward an increasingly
connected and networked society. Non-terrestrial networks (NTN's) are expected to play a
significant role in upcoming 5th Generation (5G) New Radio (NR) networks given the wide
service coverage capabilities, and the reduced vulnerability of space/airborne vehicles to
physical attacks and natural disasters. Non-terrestrial networks will be particularly attractive in
un-served or under-served and will be critical to economically bolster the performance of
current limited terrestrial networks in such underserved areas.

[0003] WO 2018/160111 A1 and Zhen Li et al: "Random Access Preamble Design and
Detection for Mobile Satellte Communication Systems”, ISSN: 0733-8716, DOI:
10.1109/JSAC.2018.2804138 are related prior art documents.

SUMMARY

[0004] The invention is specified by the independent claim 1. Preferred embodiments are
defined in the dependent claims. This document relates to methods, systems, and devices for
generating long preamble sequences by concatenating or superposing two or more short
preambles in the time domain.

[0005] In one representative aspect, a wireless communication method is disclosed. The
method includes generating or otherwise determining Zadoff-Chu (ZC) sequences based on
two or more roots and two or more cyclic shifts per root and then generating a long preamble
sequence by combining (concatenating, superposing, etc) the ZC sequences (short
preambles). The generated long preamble sequence is then prepended with a cyclic prefix
(based on a portion of the tail of the preamble sequence), and a guard time is added to
generate a random access preamble that a wireless device (e.g., user equipment (UE))
transmits to a wireless node (e.g., a base station (BS)) during a random access procedure
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(e.g., during a UE's initial network access). The wireless device selects the cyclic shifts used to
obtain the ZC sequences from a set of cyclic shift lists corresponding to each root. The cyclic
shift list provides a unique signature in a random access procedure, where the signature pool
has an easily extendable capacity depending on the length of the cyclic shift list. By using
multiple roots and multiple cyclic shifts, the disclosed technology enables high frequency and
time offset estimation at the receiver which is desirable, for example, for non-terrestrial network
applications. Additionally, user detection and corresponding frequency/time offset estimation
can be carried out on combined short preambles with relatively low complexity.

[0006] In another example aspect, a wireless communication apparatus comprising a
processor is disclosed. The processor is configured to implement the above-described method.

[0007] In another example aspect, a computer program product is disclosed. The computer
program product includes a computer-readable medium that stores processor-executable
instructions embodying the above-described method.

[0008] The above and other aspects and their implementations are described in greater detail
in the drawings, the descriptions, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 shows an example of a base station (BS) and user equipment (UE) in wireless
communication.

FIG. 2 shows an example of legacy preamble formats.
FIG. 3 shows a representative flow illustrating a method for generating preambles.

FIG. 4 shows an example of a long preamble generated by concatenating several short
preambles.

FIG. 7 shows an example of a long preamble including a cyclic prefix and guard time.

FIG. 6 shows an example of a long preamble for random access in satellite communication
systems.

FIG. 7 shows an example set of correlation peaks at a receiver configured to receive random
access preambles.

FIG. 8 shows an example of a long preamble for systems with large frequency offset and small
time delay.

FIG. 9 shows an example of an asymmetric long preamble.
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FIG. 10 shows an example or reordered short preambles.
FIG. 11 shows an example set of roots and sets of cyclic shift lists.

FIG. 12 is a block diagram representation of a portion of an apparatus, in accordance with
some embodiments of the presently disclosed technology.

DETAILED DESCRIPTION

[0010] There is an increasing demand for fourth generation of mobile communication
technology (4G, the 4th Generation mobile communication technology), Long-term evolution
(LTE, Long-Term Evolution), Advanced long-term evolution (LTE-Advanced/LTE-A, Long-Term
Evolution Advanced) and fifth-generation mobile communication technology (5G, the 5th
Generation mobile communication technology).

[0011] In non-terrestrial networks, low earth orbiting (LEO) satellite communication has
attracted extensive interests in industry for its potential to support high bandwidth and low
latency communication. However, the rapidly moving LEO satellites can result in large
frequency offset in transmitted and received signals. Although user equipment (UEs) typically
perform a coarse frequency offset estimation when detecting downlink synchronization signals,
the residual frequency offset can still be relatively large which introduces new challenges to the
random access procedure in non-terrestrial networks. Additionally, potentially large time offsets
caused by large propagation delay can exceed the capability of legacy random access
preambles, e.g., the LTE Physical Random Access Channel (PRACH) preambles. It is therefore
advantageous to have a random access preamble format capable of tolerating large frequency
and time offsets when used for a non-terrestrial random access procedure.

[0012] In LTE, the Physical Random Access Channel (PRACH) is used to transmit the access
request of user equipment (UEs) to the base station (BS). The BS detects the UEs and their
time delays according to PRACH preambles, then provides Timing Advance (TA) information to
the UEs. The LTE preambles are constructed based on Zadoff Chu (ZC) sequences (with
length of 139 or 839) and cyclic shifts of various lengths. For a given cell, 64 different random
access sequences are provided to all UEs. The corresponding root pool and cyclic shift pool
(cyclic shift list sets) is broadcasted to all UEs. A UE randomly chooses a root and a cyclic shift
to generate its random access preamble signal.

[0013] FIG. 1 shows an example of a wireless communication system (e.g., an LTE, 5G or
New Radio (NR) cellular network) that includes a BS 120 and one or more user equipment
(UE) 111, 112 and 113. The uplink transmissions (131, 132, 133) include random access
preambles as described in this document. The UE may be, for example, a smartphone, a
tablet, a mobile computer, a machine to machine (M2M) device, a terminal, a mobile device,
an Internet of Things (loT) device, and so on.
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[0014] The present document uses examples from the 3GPP New Radio (NR) network
architecture and 5G protocol only to facilitate understanding and the disclosed techniques and
embodiments may be practiced in other wireless systems that use different communication
protocols than the 3GPP protocols.

FIG. 2 shows an example of legacy random access preamble formats, for example, preamble
format 0 (210), preamble format 1 (220), preamble format 2 (230), and preamble format 3
(240). Different random access preamble formats are used for signaling in conventional
wireless communication systems (e.g., in LTE PRACH random access preambles) to support
different base station cell sizes. That is, different random access preamble formats (together
with different cyclic prefix lengths as described further below) allow users/UEs at different
distances from the base station and travelling at different velocities relative to the base station
to reliably synchronize with the base station. For example, to extend the coverage of the base
station, one or more random access preamble formats (e.g., preamble format 1, 220, in FIG.
2) can provide for repeating a random access preamble sequence, e.g., sequence 222, to
form a sequence 224. The repeated sequences 222 and 224 can then be combined to form a
longer random access preamble sequence. However, this technique for obtaining longer
random access preambles is deficient in several ways. For example, the conventional
preamble formats cannot support frequency offsets larger than a subcarrier spacing (SCS)
because the correlation peak used by the receiver to detect the random access preamble can
shift substantially due to frequency offsets and it can fall in another UE's detection window. As
a result, larger cyclic shift lengths are typically used in high speed scenarios, where high
frequency offsets are expected. A different technique other than simple repetition is needed to
overcome these and other problems in extending conventional random access preambles for
large time and frequency offset. Additional benefits of the improved random access preamble
formats will be discussed further below.

[0015] FIG. 3 shows a representative flow 300 illustrating a method for generating preambles
where several ZC sequences are generated, grouped into at least two groups, and combined
to generate a preamble sequence. Each group comprises multiple ZC sequences with different
cyclic shifts, where the ZC sequences in each group have a unique root. A block 310, the user
equipment (UE) receives from the base station the length (L), roots {u}, and cyclic shift lists
{v,i} that the UE will use to generated Zadoff-Chu (ZC) sequences for the random access

preamble sequence; u = {uq, Us, uUs, . . ., Ug} are the R roots to allow the UE to generate up to
R different root/base ZC sequences, and vy (i1, Vri2, Vyi3, - - ., where r = root, i = list number)

are the set of cyclic shift lists corresponding to each root to allow the UE to generate cyclic-
shifted ZC sequences from each root sequence. For example, for the root uq the UE can

receive cyclic shift lists {vq4, V42, V13, . . . }, where v4;=(v4j1, V12, . . .) is the i-th cyclic shift list
corresponding to root u4; for the root us the UE can receive cyclic shifts lists {vaq, vaa, . . .},
where vpj=(vgj1, V2j2, V2j3, ---) is the j-th cyclic shift list corresponding to root uy, etc. The cyclic
shift lists can have the same or different number of elements in different embodiments, and
each root can have a different number of cyclic shift lists.
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[0016] At blocks 320, the UE selects a ZC root (u4) from the set of roots u, and the i-th cyclic

shift list (v4;) from the set of cyclic shifts lists corresponding to the selected root uy.

[0017] At block 330, the UE selects the ZC root uy and the j-th cyclic shift list vy; from the cyclic

shift lists corresponding to the root u,.

[0018] At block 340, the UE derives a group of L-length ZC sequence with root uq and cyclic
shifts vii For example, the UE can generate a ZC sequence with cyclic shift v4j4, a ZC
sequence with cyclic shift v¢jp, etc., where the cyclic shifts are obtained from the i-th cyclic shift

list (e.g., if the first cyclic shift list for uq is selected, the cyclic shifts are v441, V112, V113, ..., etc.).

[0019] At block 350, the UE derives another group of L-length ZC sequence with root u, and
cyclic shifts vo;. For example, the UE generates ZC sequences cyclic shifted by vy, vop, ..., etc.
(e.g., if the first cyclic shift list for u; is selected, the cyclic shifts are vpq4, Voj2, V213, V214, .-,

etc.). In some embodiments, the UE can be obtain pre-defined ZC sequences from a memory
of the UE such as from a Look-up Table (LUT) using the selected roots and cylic shift list.

[0020] At block 360, the UE combines the ZC sequences generated in blocks 340 and 350 to
form a preamble sequence. In some embodiments, the UE concatenates the sequences
whereas in other embodiments the UE superposes the sequences or combines concatenation
and superposition to generate the preamble. The UE can repeat blocks 320-350 to generate
additional ZC sequences for additional roots. In some embodiments, a minimum of two ZC
sequences are used per ZC root, and a minimum of two ZC roots are used to form the
preamble sequence. In general, for multiple roots and multiple cyclic shifts per root, the
preamble generated at block 360 can be denoted: (uq, v4i1, Vij2, . - ., Vain1), (U2, Vi1, Voo, - - -,
Vo), - - -y (Up, Vet Ve, - - - s Vekmr), - - -, Where the first group of ZC sequences uses the ith
cyclic shift list corresponding to u4 (and the ith cyclic shift list has nq cyclic shift values); the
second group of ZC sequences uses the jth cyclic shift list corresponding to u, (and the jth
cyclic shift list has n» cyclic shift values); and the rth group of ZC sequences uses the kth cyclic
shift list corresponding to the root u, (and the kth cyclic shift list has n, cyclic shift values). The
UE uses the generated preamble sequence to generate a random access preamble waveform
that it transmits to a wireless node (e.g., a base station) as part of a random access procedure
(e.g., for the UE's initial network access, connection reestablishment, handover, etc.).

[0021] In some embodiments, as described further below, each cyclic shift list in the set of
cyclic shifts lists corresponding to a root r is unique. That is, the ith cyclic shift list of root r does
not overlap with the jth cyclic shift list of root r for any cyclic shift s. For example, considering
the case where they cyclic shift lists are in increasing order, for any listj # i,

{(vrjli Vyjar \) + Sﬁmo‘il‘ # (177‘111' Vrjgs e )

for any s.

[0022] FIG. 4 shows an example of a long preamble 400 generated by concatenating several
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short preambles in the time domain, including preambles 412, 414, 422 and 424. In general, a
long preamble such as preamble 400 can be generated by concatenating or superposing Ngp,
short preambles in the time domain. Each of the constituent short preambles (e.g., preambles
412, 414, 422, and 424) are generated from a Zadoff-Chu (ZC) sequence with length L,
characterized by root v and cyclic shift v. To generate a long preamble, two or more different
roots are used to generate the constituent short preambles (i.e., N, = 2). The long preamble

can be expressed as:
- - 3 { P ( P - P \
(ui, i1, Vizs oo Uty ); LMo Va1, Voo, Uznz), ceas {umu; Vn, 1 Unyzs oo, UrvunNu}

where ny + np + . . . + nyy = Ngp Note that the list numbers that the cyclic shifts above
correspond to have been dropped for better readability. That is, as discussed in relation to FIG.
11 below, if the first group corresponding to the u4 root selects the i-th cyclic shift list, the first

group can be denoted as (u1, v{j1, Vij2, - - . » V1in1)-

[0023] In the long preamble 400 depicted in FIG. 4, two roots uq and u, are used for the
constituent short preambles. The first group 410 of short preambles uses root u4. The u4 root
sequence is cyclic shifted to obtain (uq, vqj1, v1j2, . . ., vqjn). For convenience, this is denoted
as (uq, v11,vV12,. . ., V1p) in the description below, omitting the cyclic shift list index i. Similarly,
the second group 420 of short preambles uses root u, and the root sequence is cyclic shifted
to obtain ((up,voj1,v22,- . ., Vojm). For convenience, this is denoted as (up, v21,v22,. . ., Vom) In
the description below, omitting the cyclic shift index j. That is, n + m = N, short sequences are

concatenated to form the long preamble 400. In some embodiments, the different ZC
sequences can have different lengths.

[0024] The preamble format described above uses Nu different roots to overcome the
problems discussed above, for example, the inability of conventional random access
preambles to detect large frequency offsets such as in non-terrestrial networks (e.g., where the
correlation peaks can shift to other user's detection windows leading to wrong receiver
detection results). Furthermore, a combination of peaks (corresponding to the cyclic shift lists
above) are used to identify a specific user as discussed further below. The long preamble
using multiple roots enables high frequency offset estimation at the receiver which is very
desirable, for example, in non-terrestrial network applications.

[0025] The cyclic shift list v44, v12,. . ., V1, is @ unique signature in random access procedures.

The uniqueness lies in the amount of cyclic shift between adjacent sequences in the list, i.e.,
V12 - V11, V13, - V12. . ., vi(n-1) - Vip, for example. Two cyclic shift lists from the same root
sequence are identical if they can completely overlap with each other with a cyclic shift s over
length L. For example, Table 1 below shows some examples of cyclic shift lists that are
identical (i.e., they completely overlap given some cyclic shift s) and cyclic shift lists that are not
identical (i.e., they do not overlap for any cyclic shift s).

Table 1
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Example cyclic shift list pool (v4q, jComment
vq2,) for a BS where n=2, [ =839

(0,23), (0,77) These cyclic shift lists are not identical. They do
not overlap for any s.

(0,23), (1,24) These cyclic shift lists are identical. They
overlap for s=1 because (1,24) = (0,23) + 1.

(0,23), (830,14) These cyclic shift lists are identical. They

overlap for s=830 because (830,14) = [(0,23) +
830] mod 839.

[0026] In the disclosed technology, ZC sequences generated from non-identical cyclic shift lists
are concatenated to form long preamble sequences (e.g., preamble 400 in FIG. 3).
Additionally, the mapping between cyclic shifts on any two different roots would typically be
one-to-one. That is, a selected combination (v¢{, vq2,. . ., v45) On root u; would determine the

corresponding cyclic shift lists on the remaining roots once the one-to-one mapping is
provided. The signature (i.e., cyclic shift list) pool has an easily extendable capacity based on
the length of the cyclic shift list.

[0027] FIG. 5 shows an example of a long preamble 500 including a cyclic prefix (CP) 510 and
guard time 530. The cyclic prefix 510 is pre-pended to the long preamble 400 by taking a
portion of the tail of the long preamble signal. A guard time (GT) 530 is added to the end of the
prepended long preamble signal.

[0028] FIG. 6 shows an example of a random access preamble 600 that can be used for
random access in satellite communication systems. Satellite communications systems can be
characterized by large time delay 1 and large frequency offset fo. The random access
preamble 600 comprises a cyclic prefix (CP) 610, a long preamble sequence 620, and a guard
time interval 630. In one embodiment, the subcarrier spacing (SCS) Afgra can be 1.25 kHz, the

ZC sequence length L can be 839 resulting in a 0.8 ms duration of each constituent short
preamble (e.g., short preambles 612, 614, 616, 622, 624, 626). If, for example, the largest
time delay in a certain Low Earth Orbit (LEO) satellite communication system was 4.4 ms, the
cyclic prefix (CP) can be generated by prepending the long preamble sequence 620 with a
portion from the tail of the long preamble sequence 620 corresponding to six ZC preambles.

[0029] FIG. 7 shows an example set of correlation peaks at a receiver (e.g., a wireless node
receiver such as a base station receiver) configured to receive random access preambles
transmitted by the user device (e.g., UE) and calculate frequency and time offsets. At the base
station (BS) receiver, the time delay 1 750 can be split into an integer part Tjn+ 730 (in multiples
of 0.8 ms for a 1.25 kHz SCS) and a fractional part Tfgc 740 (i.€., T = Tint + Trae). Similarly, the
frequency offset fo can be split up as fo = K. Afpa + fopa.. Marker 705 is the zero-delay receive
time and length 720 is the length of the cyclic prefix (CP). The BS receiver superposes the
portions 710 and circularly correlates the superposition with short base sequences generated
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using (u¢,0) and (u»,0) (where "0" denotes a cyclic shift of zero, and where the random access
preamble is generated from two roots uq and uy as described in relation to FIG. 6 above). The
same integer frequency offset K. Afra brings different but deterministic peak shifts on the two
different roots. In some embodiments, the integer time offset 1+ 730 can be estimated by
correlation using a sliding time window, and then the fractional time offset 145 740 and the

frequency offset fo can be derived. As a result, user detection and corresponding
frequency/time offset estimation can be carried out on combined short preambles with
relatively low complexity. The receiver upon detecting the time delay as described above can
send a timing advance (TA) value to the user device.

[0030] FIG. 8 shows an example of a preamble 800 for systems with large frequency offset
and small time delay. In some embodiments, for example in user devices embedded in or used
in airplanes served by wireless nodes (e.g., base stations) on high altitude platforms (HAPs),
the propagation delay of signals from the user device to the base station can be much lower
than in other applications (e.g., ground-based devices communicating with LEO satellites).
However, the frequency offset due to doppler spread can be quite large due to the much
higher velocity of the user device relative to the BS. In these and other such systems prone to
large frequency offset and small time delay, the preamble 800 of FIG. 8 can be used resulting
in less resource consumption. For example, the ZC sequences 412, 414, 422, and 424 can be
superposed to generate the superposed preamble 820. Additionally, the preamble 800 can use
shorter CP 810 and GT 830 (compared to embodiments requiring detection of larger time
delays), where the shorter CP and GP still allows the BS to detect the shorter time delay and
the frequency offset (as described in relation to FIG. 7 above).

[0031] FIG. 9 shows an example of a preamble 900 comprising an asymmetric long preamble
920. For example, preamble 920 can concatenate four root uq preambles 612, 614, 616, and

918, and two root u, preambles 622 and 624 (compare with FIG. 6's symmetric preamble
structure of three root uq preambles and three root u, preambles). The base station receiver

can calculate time delay and frequency offset according to description above (in relation to
FIG. 7) if the characteristics on the roots and cyclic shift lists are as described above.

[0032] FIG. 10 shows an example of a preamble 1000 comprising a long preamble 1020
where the constituent ZC sequence groups 612, 624, 616, 626, 614, 622 are concatenated or
superposed in a different order from the example of FIG. 6. For example, in FIG. 10 each short
root uq preamble is followed by a short root u, preamble in an alternating manner (root u

preamble 612 is followed by a root u, preamble 624 which is followed by a root uq preamble
616, etc.). Conversely, in FIG. 6 the root uq preambles (preambles 612, 614, and 616) are
grouped together and followed by a group of root uy preambles (preambles 622, 624, and

626). That is, the order of the short preambles does not affect the calculation of frequency
offset and time delay (as described in relation to FIG. 7 above).

[0033] FIG. 11 shows an example set of roots (e.g., root uq 1110, us 1120, and u, 1150); cyclic
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shift lists sets corresponding to the roots (e.g., cyclic shift lists set 1112 corresponding to the
root u1 1110, cyclic shift lists set 1122 corresponding to the root u2 1120, and cyclic shift lists
set 1152 corresponding to the root ur 1150). Each of the cyclic shift lists set contains several
cyclic shifts lists. For example, cyclic shift list set 1112 contains cyclic shift lists vi1 1114, v12
1116, ..., v1i 1118, ..., etc. The ith cyclic shift list vri 1154 corresponding to the rth root contains
the M elements vyi1, Vri2, Vi3, ... Vrim, where each of the elements corresponds to a cyclic shift

value.
[0034] Some example embodiments may be described using the following clauses.

[0035] Clause 1. Awireless device generates a preamble sequence by combining a plurality of
Zadoff-Chu (ZC) sequences. The plurality of ZC sequences is based on two or more roots and
a cyclic shift per root. The wireless device (e.g., a UE) can then generate a transmission
waveform using the preamble sequence and transmit it to a wireless node (e.g., a BS).
Combining can be concatenating, superposing, or a combination of concatenation and
superposition.

[0036] Clause 2. To generate the preamble sequence the UE receives a length L, a plurality of
roots u1, u2, u3, . . ., and a plurality of cyclic shift lists sets corresponding to the plurality of
roots. Each cyclic shift lists set comprises a plurality of cyclic shift lists. It can then select a first
root u4 and an ith cyclic shift list vli, wherein the first root u1 is selected from the plurality of

roots, and the ith cyclic shift list v1i is selected from a plurality of cyclic shift lists v11, v12, v13,

..., corresponding to the first root u1; and a second root u2 and a jth cyclic shift list v2j, wherein
the second root u2 is selected from the plurality of roots, and the jth cyclic shift list v2j is

selected from a plurality of cyclic shift lists v21, v22, v23, . . . , corresponding to the second
root u2; and so on for the rth root ur and kth cyclic shift list v2k. The ith cyclic shift list v1i
corresponding to the first root u1 comprises N cyclic shift values, v1i1, v1i2, v1i3, . . . ,v1iN, and

the jth cyclic shift list v2j corresponding to the second root u2 comprises M cyclic shift values,
v2j1, v2j2, v2j3, . . ., v2JM. The UE can then generate a first group of N ZC sequences of length
L based on the first root uq and the ith cyclic shift list v1i = {vli1, vli2, ..., vliN}; generate a

second group of M ZC sequences of length L based on the second root u2 and the jth cyclic
shift list v2j = {v2j1, v2j2, ..., v2jM}; and generating the preamble sequence by combining the
first group of N ZC sequences, and the second group of M ZC sequences.

[0037] Clause 3. The plurality of roots u1, u2, u3,..., and the plurality of cyclic shift lists sets
corresponding to the plurality of roots, collectively uniquely identifies the preamble sequence
from among a plurality of preamble sequences.

[0038] Clause 4. Any two cyclic shifts lists in a cyclic shift list set do not completely overlap with
each other when a cyclic shift is applied to any one of the two cyclic shift lists.

[0039] Clause 5. The UE can generate a cyclic prefix (CP) by prepending a portion of the
preamble sequence, where the portion is obtained from the tail of the preamble sequence. The
UE can also generate a guard time interval (GT) to follow the prepended preamble sequence.
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The CP, preamble sequence, GT together define the preamble that the UE sends to the BS
(e.g., PRACH preamble). The BS can send a timing advance value to the UE in response to
receiving the random access preamble signal.

[0040] The wireless device (e.g., UE) or wireless node (e.g., base station) can include a
processor configured to implement a method recited in any one or more of clauses above.
Additionally, the UE or base station can include a computer program product comprising a
computer-readable program medium having processor executable instructions stored thereon,
the instructions, when executed by a processor, causing the processor to implement a method
recited in any one or more of the clauses above.

[0041] FIG. 12 is a block diagram representation of a portion of an apparatus, in accordance
with some embodiments of the presently disclosed technology. An apparatus 1205, such as a
base station or a wireless device (or UE), can include processor electronics 1210 such as a
microprocessor that implements one or more of the techniques presented in this document.
The apparatus 1205 can include transceiver electronics 1215 to send and/or receive wireless
signals over one or more communication interfaces such as antenna(s) 1220. The apparatus
1205 can include other communication interfaces for transmitting and receiving data.
Apparatus 1205 can include one or more memories (not explicitly shown) configured to store
information such as data and/or instructions. In some implementations, the processor
electronics 1210 can include at least a portion of the transceiver electronics 1215. In some
embodiments, at least some of the disclosed techniques, modules or functions are
implemented using the apparatus 1205.

[0042] It is intended that the specification, together with the drawings, be considered
exemplary only, where exemplary means an example and, unless otherwise stated, does not
imply an ideal or a preferred embodiment. As used herein, the use of "or" is intended to include
"and/or", unless the context clearly indicates otherwise.

[0043] Some of the embodiments described herein are described in the general context of
methods or processes, which may be implemented in one embodiment by a computer program
product, embodied in a computer-readable medium, including computer-executable
instructions, such as program code, executed by computers in networked environments. A
computer-readable medium may include removable and non-removable storage devices
including, but not limited to, Read Only Memory (ROM), Random Access Memory (RAM),
compact discs (CDs), digital versatile discs (DVD), etc. Therefore, the computer-readable
media can include a non-transitory storage media. Generally, program modules may include
routines, programs, objects, components, data structures, etc. that perform particular tasks or
implement particular abstract data types. Computer- or processor-executable instructions,
associated data structures, and program modules represent examples of program code for
executing steps of the methods disclosed herein. The particular sequence of such executable
instructions or associated data structures represents examples of corresponding acts for
implementing the functions described in such steps or processes.
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[0044] Some of the disclosed embodiments can be implemented as devices or modules using
hardware circuits, software, or combinations thereof. For example, a hardware circuit
implementation can include discrete analog and/or digital components that are, for example,
integrated as part of a printed circuit board. Alternatively, or additionally, the disclosed
components or modules can be implemented as an Application Specific Integrated Circuit
(ASIC) and/or as a Field Programmable Gate Array (FPGA) device. Some implementations
may additionally or alternatively include a digital signal processor (DSP) that is a specialized
microprocessor with an architecture optimized for the operational needs of digital signal
processing associated with the disclosed functionalities of this application. Similarly, the various
components or sub-components within each module may be implemented in software,
hardware or firmware. The connectivity between the modules and/or components within the
modules may be provided using any one of the connectivity methods and media that is known
in the art, including, but not limited to, communications over the Internet, wired, or wireless
networks using the appropriate protocols.

[0045] \While this document contains many specifics, these should not be construed as
limitations on the scope of an invention that is claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments. Certain features that are described
in this document in the context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various features that are described in the
context of a single embodiment can also be implemented in multiple embodiments separately
or in any suitable subcombination. Moreover, although features may be described above as
acting in certain combinations and even initially claimed as such, one or more features from a
claimed combination can in some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or a variation of a sub-combination.
Similarly, while operations are depicted in the drawings in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or in
sequential order, or that all illustrated operations be performed, to achieve desirable results.

[0046] Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this
disclosure.
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Patentkrav

1. Fremgangsmade til tradles kommunikation, omfattende:

generering, ved hjeelp af en tradles enhed, en preeambelsekvens ved at sam-
menkaede en flerhed af Zadoff-Chu-, ZC-, sekvenser, hvor flerheden af ZC-
sekvenser er baseret pa to eller flere redder, herunder en farste rod og en
anden rod og en cyklisk skiftliste pr. rod , hvor hver ZC-sekvens er baseret pa
en rod af de to eller flere redder og en cyklisk skiftliste svarende til roden, hvor
den farste rod svarer til et saet af cykliske skiftlister inklusive en i'te cyklisk
skiftliste, og den anden rod svarer til et saet af cykliske skiftlister, der indbefatter
en j'te cykliske skiftliste, hvori den i'te cykliske skiftliste indbefatter N cykliske
skiftveerdier, hvor N er et positivt heltal, og hvor den j'te cykliske skiftliste ind-
befatter M cykliske skiftveerdier, hvor M er et positivt heltal; og

generering, ved hjeelp af den tradl@se enhed, af en transmissionsbelgeform
ved hjeelp af preeambelsekvensen,

hvor genereringen af preeambelsekvensen ved at sammenkaede flerheden af
ZC-sekvenser omfatter:

modtagelse (310) af en leengde af en ZC-sekvens, en flerhed af redder inklu-
sive de to eller flere redder, som indbefatter den ferste rod og den anden rod,
og en flerhed af seet af cykliske skiftlister svarende til flerheden af r@dder, hvor
hver af flerheden af redder svarer til et seet af cykliske skiftelister ud af flerhe-
den af saet af cykliske skiftelister, hvor hvert seet af cykliske skiftelister omfatter
en flerhed af cykliske skiftelister;

udveelgelse (320) af den farste rod af de to eller flere redder fra flerheden af
redder og den i'te cykliske skiftliste fra et saet af cykliske skiftlister svarende til
den ferste rod;

udveelgelse (330) af den anden rod af de to eller flere r@dder fra flerheden af
redder og den j'te cykliske skiftliste fra et saet af cykliske skiftlister svarende til
den anden rod:;

generering (340) af en ferste gruppe af N ZC-sekvenser af leengden baseret

pa den ferste rod og den i'te cykliske skiftliste;
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generering (350) af en anden gruppe af M ZC-sekvenser af lazengden baseret
pa den anden rod og den j'te cykliske skiftliste; og

generering (360) af preeambelsekvensen ved at sammenkaede den ferste
gruppe af N ZC-sekvenser og den anden gruppe af M ZC-sekvenser, hvor den
I'te cykliske skiftliste er forskellig fra den j'te cykliske skiftliste, og den i'te cyk-
liske skiftliste ikke overlapper med den j’te cykliske skiftliste for ethvert cyklisk
skift.

2. Fremgangsmade ifglge krav 1, hvor flerheden af redder og flerheden af cyk-
liske skiftlistesaet svarende til flerheden af r@dder kollektivt entydigt identifice-

rer preeambelsekvensen blandt en flerhed af preeambelsekvenser.

3. Fremgangsmade ifalge krav 1 eller 2, yderligere omfattende:
generering af et cyklisk praefiks ved at forudsaette en del af preeambelsekven-
sen, hvor delen er opnaet fra halen af preeambelsekvensen; og

generere et vagttidsinterval for at fglge den foranstillede preeambelsekvens.

4. Fremgangsmade ifalge krav 3, yderligere omfattende:
generering af et preesambelsignal med tilfeeldig adgang baseret pa det cykliske
praefiks, preeambelsekvensen og beskyttelsestidsintervallet; og

transmission af preeambelsignalet med tilfaeldig adgang til en tradles node.

5. Fremgangsmade ifalge krav 4, yderligere omfattende modtagelse af en tids-
fremrykningsveerdi fra det tradl@se knudepunkt som svar pa transmission af

praeambelsignalet med tilfeeldig adgang til det tradl@se knudepunkt.

6. Tradles kommunikationsindretning, der omfatter en processor, der er konfi-
gureret til at implementere en fremgangsmade ifalge et hvilket som helst eller

flere af kravene 1 til 5.
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7. Computerprogramprodukt omfattende et computerleesbart programmedium
med processoreksekverbare instruktioner lagret derpa, hvor instruktionerne,
nar de udferes af en processor, far processoren til at implementere en frem-

gangsmade, der er angivet i et eller flere af kravene 1 til 5.
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