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NARROWBAND PHYSICAL RANDOM ACCESS
CHANNEL (NPRACH) FOR EXTENDED RANGE

TECHNICAL FIELD
The present disclosure is generally related to wireless communications networks, and
is more particularly related to random access procedures in an Internet of Things (IoT)

supporting machine-type-communication (MTC) devices.

BACKGROUND

Members of the 3" Generation Partnership Project (3GPP) are continuing to develop
specifications for what is being called “NB-IoT,” which refers to a “narrowband Internet of
things.” These standards will support wireless communications for low-power equipment that
may rely on batteries and that will typically send and receive only small amounts of
information. Example applications for wireless devices that support NB-IoT include
providing parking meters, industrials sensors, and the like with wireless communication
capabilities. NB-IoT was introduced in Release 13 of the 3GPP specifications, and is
expanding the NB-Iot platform in Release 14, to provide positioning services as well as
support for multicast. Release 14 of the 3GPP will also support NB-IoT devices with
maximum output powers as low as 14 dBm, to allow for even lower device complexity.
Incremental improvements to the Release 13 standards, such as support for system access on
non-anchor carriers and improved uplink and downlink throughput are also included in the
Release 14 specifications.

The radio interface for NB-IoT is designed so that the technology can readily be
deployed by operators in portions of their existing Long Term Evolution (LTE) spectrum.
Thus, certain aspects of NB-IoT are defined to make the most possible use of existing LTE
hardware, designs, and procedures. However, changes to the LTE specifications are made at
all levels of the specifications, to reduce power consumption, improve coverage, and
otherwise provide for improved operation of low-power wireless equipment.

One aspect of the existing LTE specifications is random access. In LTE, as in most
communication systems, a mobile terminal may need to contact the network, via the eNodeB
(3GPP terminology for an LTE base station), without yet having a dedicated resource in the
uplink (from user equipment, UE, to the base station). To handle this, a random access
procedure is available, whereby a UE that does not have a dedicated uplink resource may

transmit a signal to the base station. In the process defined by the 3GPP specifications for
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LTE, the first message (MSG1 or preamble) of this procedure is transmitted on a special
resource reserved for random access, a physical random access channel (PRACH). This
channel is limited in time and frequency, as shown in Figure 1. The resources available for
PRACH transmissions are identified to mobile terminals as part of the broadcasted system
information or as part of dedicated Radio Resource Control (RRC) signaling in some cases,
such as in the case of a handover.

In LTE, the random access procedure is used for a number of different reasons.
Among these reasons are: initial access for UEs in the LTE_IDLE or LTE_ DETACHED
states; an incoming handover; resynchronization of the uplink; a scheduling request for a UE
that is not allocated any other resource for contacting the base station; and positioning.

To preserve orthogonality among different UEs (e.g., cellular telephones and
machine-to-machine radio devices) in an orthogonal frequency-division multiple-access
(OFDMA) or single-carrier frequency-division multiple-access (SC-FDMA) system, the time
of arrival of each UE signal needs to be within the cyclic prefix (CP) of the OFDM or SC-
FDMA signal. It will be appreciated that the term “cyclic prefix” refers to the prefixing of an
OFDM symbol with a repetition of the symbol’s end. The cyclic prefix acts as a guard
interval, so as to eliminate inter-symbol interference from the previous symbol. It also allows
the linear convolution of a channel to be modelled as circular convolution, which can be
performed in the frequency domain with a discrete Fourier transform. This frequency-domain
processing simplifies demodulation processes in an L'TE receiver.

LTE random access can be either contention-based or contention-free. The
contention-based random access procedure consists of four steps, as illustrated in Figure 2.
Note that only the first step involves physical-layer processing specifically designed for
random access, while the remaining three steps follow the same physical-layer processing
used in uplink and downlink data transmission. The eNodeB can order the UE, through a
Physical Downlink Control Channel (PDCCH), to perform a contention based random access.
The UE starts the random access procedure by randomly selecting one of the preambles
available for contention-based random access. The UE then transmits the selected random
access preamble on the PRACH to the eNodeB in the Radio Access Network (RAN), shown
in Figure 2 as step 1.

The RAN acknowledges any preamble it detects by transmitting a random access
response, which includes an initial grant to be used on the uplink shared channel, a temporary
Cell Radio Network Temporary Identification (C-RNTI) for the UE, and a timing advance
(TA) update. The TA update is based on the timing offset of the preamble measured by the
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eNodeB on the PRACH. The random access response is transmitted in the downlink to the
UE (step 2) and its corresponding PDCCH message cyclic redundancy code (CRC) is
scrambled with a Random Access Radio Network Temporary Identifier (RA-RNTI).

After receiving the random access response, the UE uses the grant to transmit a
message back to the RAN (step 3). This message is used, in part, to trigger the establishment
of RRC and in part to uniquely identify the UE on the common channels of the cell. The
timing advance command that was provided to the UE in the random access response is
applied in the uplink transmission in message transmitted back to the RAN. The eNodeB can
change the resources blocks that are assigned for transmission of this message of step 3 by
sending an uplink grant having its CRC scrambled with a Temporary Cell Radio Network
Temporary Identifier (TC-RNTI).

The procedure ends with the RAN solving any preamble contention that may have
occurred for the case that multiple UEs transmitted the same preamble at the same time. This
can occur when each UE randomly selects when to transmit and which preamble to use. If
multiple UEs select the same preamble for the transmission at the same time on the Random
Access Channel (RACH), there will be contention between these UEs. The RAN resolves this
contention using the contention resolution message, seen as step 4 in Figure 2. This message,
which is sent by the eNodeB for contention resolution, has its PDCCH CRC scrambled with
the C-RNTT if the UE previously has a C-RNTI assigned. If the UE does not have a C-RNTI
previously assigned, its PDCCH CRC is scrambled with the TC-RNTIL.

A scenario where contention occurs is illustrated in Figure 3, where two UEs transmit
the same preamble, ps, at the same time. A third UE also transmits a random access preamble
at the same time, but since it transmits with a different preamble, p1, there is no contention
between this UE and the other two UEs.

For contention-free random access, the UE uses reserved preambles assigned by the
base station. In this case, contention resolution is not needed, and thus only steps 1 and 2 of
Figure 2 are required. A non-contention-based random access or contention-free random
access can be initiated by the eNodeB, for example, to get the UE to achieve synchronization
in the uplink. The eNodeB initiates a non-contention-based random access either by sending a
PDCCH order or indicating it in an RRC message. The latter of these two approaches is used
in the case of a handover.

The procedure for the UE to perform contention-free random access is illustrated in
Figure 4. As with the contention-based random access, the random access response is

transmitted in the downlink to the UE and its corresponding PDCCH message CRC is
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scrambled with the RA-RNTI. The UE considers the contention resolution successfully
completed after it has received the random access response successfully. For the contention-
free random access, as for the contention-based random access, the random access response
contains a timing alignment value. This enables the eNodeB to set the initial/updated timing
according to the UEs transmitted preamble.

In NB-IoT, as with LTE, the random access procedure provides the means of
synchronization to the uplink frame structure. A device initiates the random access procedure
after synchronizing to the downlink frame structure. In the first step of the random access
process, a device transmits a preamble. In the second step, the eNB detects the preamble time
of arrival and signals a TA value to the UE. The UE thereafter uses the TA value to align any
subsequent transmission to the uplink frame structure.

For NB-IoT as of Release 14 of the 3GPP specifications, the random access preamble
transmitted by the UE comprises a random access symbol group that is constructed of five
identical symbols and a cyclic prefix (See 3GPP TS 36.211 v 14.0.0, section 10.1.6.1). Each
symbol in this random access symbol group corresponds to an unmodulated sinusoidal wave
of frequency 3.75 kHz and periodicity 8192Ts =266.7 microseconds, where Ts equals
1/(15000x2048) seconds. The preamble is transmitted over a 3.75 kHz channel. Two CP
lengths are supported, i.e. 66.7 microseconds (Format 0) and 266.7 microseconds (Format 1).
For the 266.7 microsecond choice the CP is identical to a symbol. Figure 5 illustrates the NB-
IoT random access symbol group as specified in Release 14 of the 3GPP specifications.
Depending on which CP length is used, the random access symbol group has a length of 1.4
or 1.6 milliseconds.

The NB-IoT minimum system bandwidth of 180 kHz is dividable into 48 sub-carriers,
or tones. For a single NPRACH transmission, the symbol group shown in Figure 5 is repeated
four times, each time hopping (i.e., shifting in frequency) across at most seven sub-carriers.
An example based on a configuration where a symbol group is 1.6 milliseconds long is
shown in Figure 6. This physical signal, also called a preamble, is uniquely defined by the
first sub-carrier in the hopping pattern, i.e., the starting sub-carrier. In total, 48 orthogonal
preambles can be defined, one for each available starting sub-carrier.

Figure 6 illustrates a NPRACH resource intended for UEs in good radio conditions,
where the random access frequency hopping symbol group (i.e., the sequence of four random
access symbol groups) is sent a single time. An eNB may configure two additional NPRACH
resources to be used by UEs in extended and extreme coverage. Each NPRACH resource is

associated with a set of repetitions of the random access frequency hopping symbol group.
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Figure 7 illustrates a typical NPRACH configuration with three resources for coverage level
0 (CEQ), coverage level 1 (CE1), and coverage level 2 (CE2). As suggested by the three
resources illustrated in Figure 7, the number of repetitions increases with the coverage
intended to be supported by the NPRACH resource. The UE measures the downlink received
power and makes, based on this and a set of broadcasted signal level thresholds, a selection of
which configured NPRACH resource to use for its system access, i.e., the number of times
the random access frequency hopping symbol group should be repeated.

The Release 14 specifications for NB-IoT support up to 128 repetitions of the above-
depicted random access frequency hopping symbol group. When repetitions are used, a
pseudo-random frequency hop is performed between each pair of consecutive frequency
hopping symbol groups. The signal generated across a set of repetitions will at most hop
across 12 sub-carriers. The NPRACH configuration information discussed herein is
transmitted by the eNB in the RadioResouceConfigCommonSIB-NB-r13 information
element (IE), which is contained in SystemInformationBlockType2-NB (SIB2-NB).

While NB-IoT as specified in the Release 14 specifications supports indoor coverage
in the most extreme scenarios, through support for a high maximum coupling loss, the feature
has not been designed to support cells with a radius of more than 40 kilometers. For Release
15, it is now proposed to introduce extended cell range for NB-IoT, to facilitate usage also in
rural areas without any limitations. This extended cell range may have an impact on several

NB-IoT parameters or procedures, including those related to the random access procedure.

SUMMARY

Techniques and an apparatus for generating and using new formats for a random
access preamble signal are disclosed herein. These formats are appropriate for the physical
random access channel (PRACH) of NB-IoT and, in some embodiments, fit in the structure
defined for NB-IoT PRACH in Release 13 of the 3GPP specifications.

According to some embodiments, a method in a wireless device operating in a
wireless network includes generating a random access preamble signal and transmitting the
random access preamble signal, where the generated random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
each of the plurality of consecutive symbols being modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols corresponding to a truncated
sinusoid of 3.75/N kHz, with N > 1. According to some of these and some other

embodiments, the generated random access preamble signal comprises a random access
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symbol group that comprises a plurality of consecutive symbols, the plurality of consecutive
symbols comprising at least three consecutive symbols, where each of the plurality of
consecutive symbols is modulated on a corresponding subcarrier frequency and each of the
plurality of consecutive symbols of the random access symbol group is modulated on a
different subcarrier frequency than all others of the plurality of consecutive symbols of the
random access symbol group.

According to some embodiments, a method in a wireless access node operating in a
wireless network includes receiving a radio frequency signal and detecting a random access
preamble signal in the received radio frequency signal, where the detected random access
preamble signal comprises a random access symbol group that comprises a plurality of
consecutive symbols, each of the plurality of consecutive symbols being modulated on a
corresponding subcarrier frequency and each of the plurality of consecutive symbols
corresponding to a truncated sinusoid of 3.75/N kHz, with N > 1. In some of these and in
some other embodiments, the generated random access preamble signal comprises a random
access symbol group that comprises a plurality of consecutive symbols, the plurality of
consecutive symbols comprising at least three consecutive symbols, wherein each of the
plurality of consecutive symbols is modulated on a corresponding subcarrier frequency and
each of the plurality of consecutive symbols of the random access symbol group is modulated
on a different subcarrier frequency than all others of the plurality of consecutive symbols of
the random access symbol group.

According to some embodiments, a wireless device for operating in a wireless
network is adapted to generate a random access preamble signal and transmit the random
access preamble signal. The generated random access preamble signal comprises a random
access symbol group that comprises a plurality of consecutive symbols, each of the plurality
of consecutive symbols being modulated on a corresponding subcarrier frequency and each of
the plurality of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz,
with N > 1.

According to other embodiments, the generated random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
the plurality of consecutive symbols comprising at least three consecutive symbols, where
each of the plurality of consecutive symbols is modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols of the random access symbol
group is modulated on a different subcarrier frequency than all others of the plurality of

consecutive symbols of the random access symbol group.
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According to some embodiments, a wireless access node for operating in a wireless
network is adapted to receive a radio frequency signal and detect a random access preamble
signal in the received radio frequency signal. The detected random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
each of the plurality of consecutive symbols being modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols corresponding to a truncated
sinusoid of 3.75/N kHz, with N > 1.

According to other embodiments, the detected random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
the plurality of consecutive symbols comprising at least three consecutive symbols, wherein
each of the plurality of consecutive symbols is modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols of the random access symbol
group is modulated on a different subcarrier frequency than all others of the plurality of
consecutive symbols of the random access symbol group.

According to some embodiments, a wireless device includes a radio transceiver
adapted to communicate with a wireless network and one or more processing circuits adapted
to carry out the methods in the user equipment described above and detailed below. Likewise,
an example wireless access node comprises a radio transceiver adapted to communicate with
one or more wireless devices, and one or more processing circuits adapted to carry out the
methods in the wireless access node described above and detailed below.

Further embodiments may include computer program products and non-transitory
computer readable media that store instructions that, when executed by processing circuit,
perform the operations of the embodiments describe above.

Details of several embodiments of techniques and apparatuses for performing random

access procedures are described and illustrated below.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram illustrating random access preamble transmission.
Figure 2 is a diagram illustrating signaling for the contention-based random access
procedure in LTE.
Figure 3 illustrates contention based random access, where there is contention
between UEs.
Figure 4 is a diagram illustrating signaling over the air interface for the contention-

free random access procedure in LTE.
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Figure 5 is a diagram illustrating a Narrowband Internet of Things (NB-IoT) random
access symbol group as of Release 14 of the 3GPP specifications.

Figure 6 illustrates a NB-IoT random access preamble, comprising four frequency-
hopped repetitions of a random access symbol group.

Figure 7 illustrates a typical NPRACH configuration with three resources for different
coverage levels.

Figure 8 illustrates symbol groups of length 1.6 milliseconds, using either a 3.75 kHz
waveform or a 1.875 kHz waveform.

Figure 9 illustrates an example random access symbol group using intra-group
frequency hopping.

Figure 10 shows a matrix used to determine intra-group frequency hopping patterns.

Figure 11 illustrates a preamble comprising four random access symbol groups with
intra-group frequency hopping.

Figure 12 is a flowchart illustrating a method in a wireless device, according to some
embodiments.

Figure 13 is a flowchart illustrating another method in a wireless device, according to
some embodiments.

Figure 14 is a block diagram of a wireless device configured to carry out one or more
of the techniques described herein.

Figure 15 is a block diagram of a functional implementation of a wireless device,
according to some embodiments.

Figure 16 is a flowchart illustrating a method in a wireless access node, according to
some embodiments.

Figure 17 is a flowchart illustrating another method in a wireless access node,
according to some embodiments.

Figure 18 is a block diagram of a wireless access node configured to carry out one or
more of the techniques described herein.

Figure 19 is a block diagram of a functional implementation of a wireless access

node, according to some embodiments.

DETAILED DESCRIPTION
Inventive concepts will now be described more fully hereinafter with reference to the
accompanying drawings, in which examples of embodiments of inventive concepts are

shown. These inventive concepts may, however, be embodied in many different forms and
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should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and fully
convey the scope of present inventive concepts to those skilled in the art. It should also be
noted that these embodiments are not mutually exclusive. Components from one embodiment
may be tacitly assumed to be present or used in another embodiment.

For purposes of illustration and explanation only, embodiments of the present
inventive concepts are described herein in the context of operating in or in association with a
RAN that communicates over radio communication channels with mobile terminals, also
interchangeably referred to as wireless terminals or UEs, using a particular radio access
technology. More specifically, embodiments are described in the context of the development
of specifications for NB-IoT, particularly as it relates to the development of specifications for
NB-IoT operation in spectrum and/or using equipment currently used by E-UTRAN,
sometimes referred to as the Evolved UMTS Terrestrial Radio Access Network and widely
known as the LTE system. However, it will be appreciated that the techniques may be
applied to other wireless networks, as well as to successors of the E-UTRAN. Thus,
references herein to signals using terminology from the 3GPP standards for LTE should be
understood to apply more generally to signals having similar characteristics and/or purposes,
in other networks.

Note that in some of the embodiments described herein, the terms “user equipment”
and “UE” are used. A UE, as that term is used herein, can be any type of wireless device
capable of communicating with a network node or another UE over radio signals. In the
context of the present disclosure, it should be understood that a UE may refer to a machine-
to-machine (M2M) device, a machine-type communications (MTC) device, and/or a NB-1oT
device, where the UE has no “user” in the sense of an individual person owning and/or
operating the device. A UE may also be referred to as a wireless device, a radio device, a
radio communication device, a wireless terminal, or simply a terminal — unless the context
indicates otherwise, the use of any of these terms is intended to include device-to-device UEs,
machine-type UEs or UEs capable of machine-to-machine communication, sensors equipped
with a UE, wireless-enabled table computers, mobile terminals, smart phones, laptop-
embedded equipped (LEE), laptop-mounted equipment (LME), USB dongles, wireless
customer-premises equipment (CPE), etc. In the discussion that follows, the terms M2M
device, MTC device, wireless sensor, and sensor may also be used. It should be understood
that these devices are UEs, but are generally configured to transmit and/or receive data

without direct human interaction.
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In the existing LTE random access design, random access serves multiple purposes
such as initial access when establishing a radio link, scheduling request, etc. Among others, a
main objective of random access is to achieve uplink synchronization, which is important for
maintaining the uplink orthogonality in LTE. To preserve orthogonality among different UEs
in an OFDM or SC-FDMA system, the time of arrival of each UE signal needs to be within
the cyclic prefix (CP) of the OFDM or SC-FDMA signal.

As discussed in the Background section above, the current NPRACH preamble basic
waveform (as of Release 14 of the 3GPP specifications) is a sinusoid of 3.75 kHz with
periodicity 266.7 microseconds. A UE that is 40 kilometers from the eNB will have a round
trip time of 2 x 40000/c = 266.7 microseconds, i.e., exactly the NPRACH preamble
periodicity. (Here c equals the speed of light, i.e. 3x10% m/s.) This implies that an eNB
receiver that detects a received preamble and its timing based on a correlation between a
known reference waveform and the received waveform will have difficulties to distinguish a
preamble transmitted by a UE at a distance of 40000 + x meters from a preamble transmitted
by a UE at a distance x meters from the eNB. This ambiguity is a direct consequence of
building the preamble as a simple periodic waveform.

This problem is addressed by the several techniques described herein, which include
the introduction and use of a new waveform for the NPRACH preamble, which supports
extended cell range for NB-IoT. This new waveform is backwards compatible in the sense
that it fits into the Release 13 NB-IoT channel structure. This new waveform may be
generally referred to as NPRACH preamble Format 2, extending the existing Rel-13
NPRACH preamble Format 0 and Format 1. An important advantage of several of the
variations and embodiments described below is that they support an extended cell range.

Several embodiments of the present techniques follow from defining the NPRACH
preamble basic waveform more flexibly than is done in Release 13 of the 3GPP
specifications, i.e., as a truncated sinusoid of 3.75/N kHz, with a periodicity or symbol length
of N/(3.75x10?) seconds. In some embodiments, N is an integer greater than 1, while in
others N may be a non-integer. Note that if N=1, the result is the Release 13 NPRACH basic
preamble waveform, i.e., a symbol of 266.7 microseconds, consisting of a truncated 3.75 kHz
sinusoid. When 6/N is an integer, a random access symbol group consisting of 6/N such
symbols fits evenly into the Release 13 NPRACH random access group length of 1.6
milliseconds.

In some embodiments, then a basic preamble waveform according to N=2 is used, for

at least some random access attempts. This means that the NPRACH preamble basic
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waveform, or symbol, is defined as a truncated sinusoid of 1.875 kHz, with periodicity, or
symbol length, of 1/(1.875x10%) seconds = 533.3 microseconds. (Here, as elsewhere,
representations of time in microseconds may be approximations.) Further, a random access
symbol group consisting of three such symbols fits evenly into the Release 13 NPRACH
format of length 1.6 milliseconds. Note that the same 3.75 kHz subcarrier spacing used for
Release 13 NB-IoT is assumed here, although the applicability of the presently disclosed
techniques is not limited to this subcarrier spacing. The first symbol can be used as a cyclic
prefix, as exemplified in Figure 8, which illustrates both a Release 13 NPRACH random
access symbol group (i.e., N=1) and an example random access symbol group with a basic
waveform defined as a truncated sinusoid of 3.75/2 kHz and a symbol length of 2/(3.75x103),
i.e., N=2. It will be appreciated that with this definition of the basic symbol waveform, the
length of the symbol is doubled, and a cell size of 80 kilometers is supported.

In some implementations or embodiments of the present techniques a single wireless
device may be configured, e.g., at various times or under various differing circumstances, to
use one preamble basic waveform at one instance, and another at a different instance. For
example, a wireless device may be configured to switch between the use of a Release 13
NPRACH random access symbol and a random access symbol defined by N=2, as illustrated
in Figure 8. In various embodiments, the selection between these two waveforms (or from
among more or different waveforms) may be triggered by messaging or signaling from the
network, for example.

In some embodiments, a range of new preambles may be supported by a wireless
device or an access node (e.g., an eNB), such as a range of new preambles defined by the
sinusoid of 3.75/N kHz, as above, where N is a member of the set {1.5, 2, 2.5, 3}. In some
embodiments, the eNB (or other wireless access node) signals which preamble format is to be
used, in a system information element, such as the RadioResouceConfigCommonSIB-
NBinformation element. In embodiments where multiple preamble formats are supported, the
configured preamble format can be indicated using an indication of N, where N determines
the basic preamble waveform as described above.

In some embodiments, the eNB (or other wireless access node) configures a distinct
preamble format for some or all of the NPRACH radio resources that can be used by UEs, in
different coverages. Thus, for example, referring back to Figure 7, one or all of the
configured resources, for CEQ, CE1, and CE2, may be configured with a preamble format,

i.e., with a basic preamble waveform, that differs from the others. In this case, the use of a
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given basic preamble waveform depends on which configured resource is used, which in turn
depends on the coverage level.

In some embodiments, the UE (or other wireless device) selects the NPRACH radio
resource and the preamble format to use when accessing the system based on estimated
downlink signal level and the set of broadcasted signal level thresholds for selection of the
NPRACH resource. It should be appreciated that this does not exclude that the UE uses other
information to select the NPRACH resource. In some of these embodiments, the association
between each of the configured NPRACH radio resources is configured, as discussed above,
such that selecting the NPRACH radio resource means that the associated preamble format is
used. In other embodiments, the NPRACH radio resource and the preamble format may be
separately selected, based on downlink signal level and/or some other factor.

In some embodiments, the network uses Radio Resource Control (RRC) control
signaling to mandate a UE (or other wireless device) to use a certain preamble format.

In some embodiments, a new hopping pattern is designed for the symbols within a
given symbol group. In other words, symbols in the same symbol group may use different
tones (i.e., different subcarriers in an OFDMA/SC-FDMA time-frequency resource
structure). This is in distinct contrast to the Release 13 NPRACH symbol group, as illustrated
in Figure 5, which uses the same tone for each symbol in the random access symbol group. It
will be appreciated that this technique of varying the tone used for symbols within a random
access symbol group may be applied to the basic preamble waveform as defined in Release
13 of the 3GPP specifications, as well as to any of the other basic preamble waveforms
described herein.

Following are two specific embodiments of a new intra-group hopping pattern, as
described above. In a first example, the frequency position of the first symbol in each symbol
group is determined based on the Release 13 NPRACH design. A linear hopping with a
constant hopping offset is applied to the remaining symbols in the same symbol group. The
constant hopping offset value (in terms of number of tones) can be chosen from the set {1, 2,
3,4,5,6,7,8,9,10, 11}. Figure 9 illustrates an example of this approach, where the linear
hopping offset value used is 1.

In another example, the frequency position of the first symbol in each symbol group is
again determined based on the Release 13 NPRACH design. In this case, however, the
hopping of the remaining symbols in a symbol group is then determined by a pre-
determined/pre-configured hopping matrix, such as the hopping matrix shown in Figure 10.

In the matrix shown in Figure 10, each row represents a subcarrier, each column represents a
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symbol interval, and squares indicated with the same number represent symbols from the
same symbol group. For example, if the first symbol uses the bottom most subcarrier
(subcarrier 12), then the subcarriers used by the remaining five symbols are subcarrier 6, 4, 3,
5, and 2. This hopping matrix is designed such that every preamble is adjacent to any other
given preamble at most once (i.e., for only one symbol time), to minimize adjacent
interference. Figure 11 illustrates an example of the frequency-hopping for a preamble
comprising four random access symbol groups according to this approach and using the
matrix shown in Figure 10.

It should be appreciated that in some embodiments in which there is intra-group
hopping, as discussed above, there may be several possible patterns, such that the pattern to
apply is signaled to a UE by the network, e.g., via system information or via RRC signaling,
in manners similar to those described above for the selection among two or more basic
preamble waveforms. In some embodiments, both the preamble waveform and the hopping
pattern may be configurable and/or selectable from among various possibilities, either
individually or in combination. Note also that the intra-group hopping can be applied in
embodiments where the 3.75 kHz subcarrier spacing described above is used, as in the
Release 13 NPRACH, or one or more new subcarrier spacings may be used.

In view of the detailed examples provided above, it will be appreciated that
embodiments of the presently disclosed techniques include, but are not limited to, the
following numbered examples of methods that may be carried out by a wireless device, such
as a UE configured for operation according to specifications for NB-IoT.

Figure 12 is a process flow diagram illustrating a method 1200 in a wireless device
(e.g., UE) operating in a wireless network, according to some embodiments. The method
includes generating a random access preamble signal (block 1210) and transmitting the
random access preamble signal (block 1220). The generated random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
each of the plurality of consecutive symbols being modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols corresponding to a truncated
sinusoid of 3.75/N kHz, with N > 1.

N may be, for example, 2 or one of 1.5, 2, 2.5, 3. 6/N may be an integer, where the
random access symbol group consists of 6/N symbols. Subcarrier frequencies of the random

access preamble signal may be spaced by 3.75 kHz or 3.75/N kHz.
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In some cases, the plurality of consecutive symbols of the random access symbol
group may all be modulated on a single subcarrier frequency. In other cases, one or more of
the plurality of consecutive symbols of the random access symbol group may be modulated
on a first subcarrier frequency and one or more others of the plurality of consecutive symbols
of the random access symbol group are modulated on a second subcarrier frequency, differing
from the first subcarrier frequency. Each of the plurality of consecutive symbols of the
random access symbol group may be modulated on a different subcarrier frequency than all
others of the plurality of consecutive symbols of the random access symbol group. Each of all
but a first one of the plurality of consecutive symbols of the random access symbol group
may be modulated on a subcarrier frequency that is offset by a predetermined number of
subcarrier spacings from the subcarrier frequency for the preceding one of the plurality of
consecutive symbols. The predetermined number of subcarrier spacings may be one of the
set: {1,2,3,4,5,6,7,8,9,10, 11}.

In the case where each of the plurality of consecutive symbols of the random access
symbol group is modulated on a different subcarrier frequency than all others of the plurality
of consecutive symbols of the random access symbol group, a mapping of the plurality of
consecutive symbols of the random access symbol group to subcarrier frequencies may be
determined by a hopping matrix, where the hopping matrix defines multiple mapping patterns
that each depend on a subcarrier frequency for a first one of the plurality of consecutive
symbols of the random access symbol group.

The hopping matrix may be defined such that any random access symbol group
defined by the hopping matrix is adjacent to any other random access symbol group defined
by the hopping matrix for no more than one symbol time. The hopping matrix may also be
defined according to Figure 10, where the horizontal axis in the hopping matrix illustrated in
Figure 10 corresponds to symbols and the vertical axis corresponds to subcarrier frequencies,
and wherein each of twelve intra-group hopping patterns is identified by boxes containing the
same value. In other words, the hopping matrix comprises a horizontal axis that corresponds
to symbols and a vertical axis that corresponds to subcarrier frequencies, and where each of a
plurality (e.g., twelve) of intra-group hopping patterns is identified in the hopping matrix by a
given value that is the same among random access symbols of the same intra-group hopping
pattern, and wherein each intra-group hopping pattern has a different value. For instance, the
intra-group hopping pattern for group number 12 is shown by the darkened boxes labeled

“12” in Figure 10.
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Also, as shown by Figure 10, the random access symbol group is defined in a hopping
matrix such that each of the intra-group hopping patterns in the hopping matrix does not have
two random access symbols that are adjacent to one another along the vertical axis or the
horizontal axis of the hopping matrix.

The method 1200 may further include receiving, from the wireless network, an
indication of N. The indication of N is received via RRC signaling or system information
broadcast signaling. N may be determined by which of a plurality of pre-configured random
access resources is to be used for the transmitting of the random access preamble signal.

The generated random access preamble signal may further include one or more
repetitions of the random access symbol group. Each repetition of the random access symbol
group may begin on a different subcarrier frequency than the immediately preceding random
access symbol group. The method 1200 may further include receiving, from the wireless
network, an indication of a number of the repetitions.

Figure 13 illustrates another method 1300 in a wireless device operating in a wireless
network. The method includes generating a random access preamble signal (block 1310) and
transmitting the random access preamble signal (block 1320). The generated random access
preamble signal comprises a random access symbol group that comprises a plurality of
consecutive symbols, the plurality of consecutive symbols comprising at least three
consecutive symbols. Each of the plurality of consecutive symbols is modulated on a
corresponding subcarrier frequency and each of the plurality of consecutive symbols of the
random access symbol group is modulated on a different subcarrier frequency than all others
of the plurality of consecutive symbols of the random access symbol group.

Each of all but a first one of the plurality of consecutive symbols of the random access
symbol group may be modulated on a subcarrier frequency that is offset by a predetermined
number of subcarrier spacings from the subcarrier frequency for the preceding one of the
plurality of consecutive symbols. The predetermined number of subcarrier spacings may be
one of the set: {1,2,3,4,5,6,7,8,9,10, 11}.

A mapping of the plurality of consecutive symbols of the random access symbol
group to subcarrier frequencies may be determined by a hopping matrix, where said hopping
matrix defines multiple mapping patterns that each depend on a subcarrier frequency for a
first one of the plurality of consecutive symbols of the random access symbol group. The
hopping matrix may be defined such that any random access symbol group defined by the
hopping matrix is adjacent to any other random access symbol group defined by the hopping

matrix for no more than one symbol time.
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The hopping matrix may be defined according to Figure 10, where the horizontal axis
in the hopping matrix illustrated in Figure 10 corresponds to symbols and the vertical axis
corresponds to subcarrier frequencies, and wherein each of twelve intra-group hopping
patterns is identified by boxes containing the same value. Each of a plurality of intra-group
hopping patterns may be identified in the hopping matrix by a given value that is the same
among random access symbols of the same intra-group hopping pattern, where each intra-
group hopping pattern has a different value.

Figure 14 shows an example radio device, here illustrated as a UE 12, which may be
more generally referred to a wireless device and which can be used in one or more of the
example embodiments described herein. The UE 12 may in some embodiments be a mobile
device that is configured for operation according to specifications for NB-IoT. The UE 12
comprises a processing circuit 30 that controls the operation of the UE 12. The processing
circuit 30, which may comprise one or more microprocessors, microcontrollers, digital signal
processors, specialized digital logic, etc., for example, is connected to a receiver or
transceiver circuit 32 with associated antenna(s) 34, which are used to receive signals from or
both transmit signals to and receive signals from a base station 10 in the network. The UE 12
also comprises a memory circuit 36 that is connected to the processing circuit 30 and that
stores program code and other information and data required for the operation of the UE 12.
Together, the processing circuit 30 and memory circuit 36 may also be referred to as a
processing circuit, and are adapted, in various embodiments, to carry out one or more of the
wireless device-based techniques described herein.

For example, the processing circuit 30 of UE 12 may be configured to generate a
random access preamble signal and transmit the random access preamble signal. The
generated random access preamble signal comprises a random access symbol group that
comprises a plurality of consecutive symbols, each of the plurality of consecutive symbols
being modulated on a corresponding subcarrier frequency and each of the plurality of
consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz, with N > 1.
Similarly, the processing circuit 30 of UE 12 may be configured to generate a random access
preamble signal and transmit the random access preamble signal, but in this case, the
generated random access preamble signal comprises a random access symbol group that
comprises a plurality of consecutive symbols, the plurality of consecutive symbols
comprising at least three consecutive symbols. Each of the plurality of consecutive symbols is

modulated on a corresponding subcarrier frequency and each of the plurality of consecutive
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symbols of the random access symbol group is modulated on a different subcarrier frequency
than all others of the plurality of consecutive symbols of the random access symbol group.

More generally, a wireless device may include a radio transceiver adapted to
communicate with a wireless network and further comprise one or more processing circuits
adapted to carry out the methods described herein.

In another example, the processing circuit 30 of the UE 12 is configured to generate a
random access preamble signal and transmit the random access preamble signal, where the
generated random access preamble signal comprises a random access symbol group that
comprises a plurality of consecutive symbols, each of the plurality of consecutive symbols
being modulated on a corresponding subcarrier frequency and each of the plurality of
consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz, with N > 1.

As shown in Figure 15, a wireless device, such as UE 12, may include a signal
generation module 1502 for generating a random access preamble signal and a transmission
module 1504 for transmitting the random access preamble signal. In some cases, the signal
generation module is configured such that the generated random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
each of the plurality of consecutive symbols being modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols corresponding to a truncated
sinusoid of 3.75/N kHz, with N > 1.

In other cases, the generated random access preamble signal comprises a random
access symbol group that comprises a plurality of consecutive symbols, the plurality of
consecutive symbols comprising at least three consecutive symbols, where each of the
plurality of consecutive symbols is modulated on a corresponding subcarrier frequency and
each of the plurality of consecutive symbols of the random access symbol group is modulated
on a different subcarrier frequency than all others of the plurality of consecutive symbols of
the random access symbol group.

The above discussion has focused primarily on the wireless device that generates and
transmits the random access preamble signal. It will be appreciated that corresponding
techniques and apparatus apply to the wireless access node (e.g., an eNB) that receives and
detects the random access preamble. Figure 16 illustrates a method 1600 in a wireless access
node operating in a wireless network. The method includes receiving a radio frequency signal
(block 1610) and detecting a random access preamble signal in the received radio frequency
signal (1620). The detected random access preamble signal comprises a random access

symbol group that comprises a plurality of consecutive symbols, each of the plurality of
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consecutive symbols being modulated on a corresponding subcarrier frequency and each of
the plurality of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz,
with N > 1.

N may be, for example, 2 or one of 1.5, 2, 2.5, 3. 6/N may be an integer, where the
random access symbol group consists of 6/N symbols. Subcarrier frequencies of the random
access preamble signal may be spaced by 3.75 kHz or 3.75/N kHz.

In some cases, the plurality of consecutive symbols of the random access symbol
group may all be modulated on a single subcarrier frequency. In other cases, one or more of
the plurality of consecutive symbols of the random access symbol group may be modulated
on a first subcarrier frequency and one or more others of the plurality of consecutive symbols
of the random access symbol group are modulated on a second subcarrier frequency, differing
from the first subcarrier frequency. Each of the plurality of consecutive symbols of the
random access symbol group may be modulated on a different subcarrier frequency than all
others of the plurality of consecutive symbols of the random access symbol group. Each of all
but a first one of the plurality of consecutive symbols of the random access symbol group
may be modulated on a subcarrier frequency that is offset by a predetermined number of
subcarrier spacings from the subcarrier frequency for the preceding one of the plurality of
consecutive symbols. The predetermined number of subcarrier spacings may be one of the
set: {1,2,3,4,5,6,7,8,9,10, 11}.

In the case where each of the plurality of consecutive symbols of the random access
symbol group is modulated on a different subcarrier frequency than all others of the plurality
of consecutive symbols of the random access symbol group, a mapping of the plurality of
consecutive symbols of the random access symbol group to subcarrier frequencies may be
determined by a hopping matrix, where the hopping matrix defines multiple mapping patterns
that each depend on a subcarrier frequency for a first one of the plurality of consecutive
symbols of the random access symbol group. The hopping matrix may be defined such that
any random access symbol group defined by the hopping matrix is adjacent to any other
random access symbol group defined by the hopping matrix for no more than one symbol
time.

The hopping matrix may also be defined according to Figure 10, where the horizontal
axis in the hopping matrix illustrated in Figure 10 corresponds to symbols and the vertical
axis corresponds to subcarrier frequencies, and wherein each of twelve intra-group hopping
patterns is identified by boxes containing the same value. Each of a plurality of intra-group

hopping patterns may be identified in the hopping matrix by a given value that is the same
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among random access symbols of the same intra-group hopping pattern, where each intra-
group hopping pattern has a different value.

The detected random access preamble signal may further comprise one or more
repetitions of the random access symbol group. Each repetition of the random access symbol
group may begin on a different subcarrier frequency than the immediately preceding random
access symbol group.

Figure 17 illustrates another method 1700 in a wireless access node operating in a
wireless network. The method 1700 includes receiving a radio frequency signal (block 1710)
and detecting a random access preamble signal in the radio frequency signal (block 1720).
The detected random access preamble signal comprises a random access symbol group that
comprises a plurality of consecutive symbols, the plurality of consecutive symbols
comprising at least three consecutive symbols, where each of the plurality of consecutive
symbols is modulated on a corresponding subcarrier frequency and each of the plurality of
consecutive symbols of the random access symbol group is modulated on a different
subcarrier frequency than all others of the plurality of consecutive symbols of the random
access symbol group.

Each of all but a first one of the plurality of consecutive symbols of the random access
symbol group may be modulated on a subcarrier frequency that is offset by a predetermined
number of subcarrier spacings from the subcarrier frequency for the preceding one of the
plurality of consecutive symbols. The predetermined number of subcarrier spacings may be
one of the set: {1,2,3,4,5,6,7,8,9,10, 11}.

A mapping of the plurality of consecutive symbols of the random access symbol
group to subcarrier frequencies may be determined by a hopping matrix, wherein said
hopping matrix defines multiple mapping patterns that each depend on a subcarrier frequency
for a first one of the plurality of consecutive symbols of the random access symbol group.
The hopping matrix may be defined such that any random access symbol group defined by
the hopping matrix is adjacent to any other random access symbol group defined by the
hopping matrix for no more than one symbol time.

The hopping matrix may also be defined according to Figure 10, where the horizontal
axis in the hopping matrix illustrated in Figure 10 corresponds to symbols and the vertical
axis corresponds to subcarrier frequencies, and wherein each of twelve intra-group hopping
patterns is identified by boxes containing the same value. Each of a plurality of intra-group

hopping patterns may be identified in the hopping matrix by a given value that is the same
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among random access symbols of the same intra-group hopping pattern, and wherein each
intra-group hopping pattern has a different value.

Figure 18 shows another example radio apparatus, in this case illustrating a wireless
access node, such as a base station 10 (e.g., eNB), that is configured to receive a random
access preamble signal from the UE 12. The base station 10 comprises a processing circuit 40
that controls the operation of the base station 10. The processing circuit 40, which may
include one or more microprocessors, microcontrollers, digital signal processors, specialized
digital logic, etc., is connected to a transceiver circuit 42 with associated antenna(s) 44 that
are used to transmit signals to, and receive signals from, UEs 12 in the network. The base
station 10 also comprises a memory circuit 46 that is connected to the processing circuit 40
and that stores program and other information and data required for the operation of the base
station 10. Together, the processing circuit 40 and memory circuit 46 may also be referred to
as a processing circuit, and are adapted, in various embodiments, to carry out one or more of
the network-based techniques described below.

Base station 10 also includes components and/or circuitry 48 for allowing the base
station 10 to exchange information with other base stations 10 (for example, via an X2
interface) and components and/or circuitry 49 for allowing the base station 10 to exchange
information with nodes in the core network (for example, via an S1 interface). It will be
appreciated that base stations for use in other types of network (e.g., UTRAN or Wideband
Code Division Multiple Access or WCDMA RAN) will include similar components to those
shown in Figure 18 and appropriate interface circuitry 48, 49 for enabling communications
with the other network nodes in those types of networks (e.g., other base stations, mobility
management nodes and/or nodes in the core network).

In some embodiments, the processing circuit 40 of base station 10 is configured to
receive a radio frequency signal and detect a random access preamble signal in the received
radio frequency signal, where the detected random access preamble signal comprises a
random access symbol group that comprises a plurality of consecutive symbols, each of the
plurality of consecutive symbols being modulated on a corresponding subcarrier frequency
and each of the plurality of consecutive symbols corresponding to a truncated sinusoid of
3.75/N kHz, with N > 1. In other embodiments, the detected random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
the plurality of consecutive symbols comprising at least three consecutive symbols, where
each of the plurality of consecutive symbols is modulated on a corresponding subcarrier

frequency and each of the plurality of consecutive symbols of the random access symbol
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group is modulated on a different subcarrier frequency than all others of the plurality of
consecutive symbols of the random access symbol group.

It will be appreciated that the example wireless access node may, more generally,
include a radio transceiver adapted to communicate with one or more wireless devices and
further comprising one or more processing circuits adapted to carry out the methods for the
wireless access node described herein.

According to some embodiments, the base station 10 is adapted to receive a radio
frequency signal and detect a random access preamble signal in the received radio frequency
signal, where the detected random access preamble signal comprises a random access symbol
group that comprises a plurality of consecutive symbols, each of the plurality of consecutive
symbols being modulated on a corresponding subcarrier frequency and each of the plurality
of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz, with N > 1.

Figure 19 illustrates a functional implementation of the wireless access node,
including a receiving module 1902 for receiving a radio frequency signal and a detection
module 1904 for detecting a random access preamble signal in the received radio frequency
signal. The detected random access preamble signal comprises a random access symbol
group that comprises a plurality of consecutive symbols, each of the plurality of consecutive
symbols being modulated on a corresponding subcarrier frequency and each of the plurality
of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz, with N > 1.

In some embodiments, the receiving module 1902 in Figure 19 is for receiving a radio
frequency signal and the detection module 1904 is for detecting a random access preamble
signal in the received radio frequency signal, where the detected random access preamble
signal comprises a random access symbol group that comprises a plurality of consecutive
symbols, the plurality of consecutive symbols comprising at least three consecutive symbols.
Each of the plurality of consecutive symbols is modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols of the random access symbol
group is modulated on a different subcarrier frequency than all others of the plurality of
consecutive symbols of the random access symbol group.

According to some embodiments, a computer program product includes program
instructions for a processor in a wireless device operating in a wireless network, where the
program instructions are configured so as to cause the wireless device to carry out a method
according to any of the wireless device methods (e.g., 1200, 1300) described herein when the
program instructions are executed by the processor. According to other embodiments, a

computer program product includes program instructions for a processor in a wireless access
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node operating in a wireless network, where the program instructions are configured so as to
cause the wireless access node to carry out a method according to any of the wireless access
node methods (e.g., 1600, 1700) described herein when the program instructions are executed
by the processor. A non-transitory computer-readable medium may include stored thereupon,
the computer program product described here.

Modifications and other variants of the described embodiment(s) will come to mind to
one skilled in the art having the benefit of the teachings presented in the foregoing
descriptions and the associated figures. Therefore, it is to be understood that the
embodiment(s) is/are not to be limited to the specific examples disclosed and that
modifications and other variants are intended to be included within the scope of this
disclosure. Although specific terms may be employed herein, they are used in a generic and

descriptive sense only and not for purposes of limitation.
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CLAIMS

1. A method (1200), in a wireless device (12) operating in a wireless network, the
method (1200) comprising:

generating (1210) a random access preamble signal; and

transmitting (1220) the random access preamble signal;

wherein the generated random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, each of the plurality of
consecutive symbols being modulated on a corresponding subcarrier frequency and each of
the plurality of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz,

with N > 1.

2. The method (1200) of claim 1, wherein N = 2.

3. The method (1200) of claim 1, wherein N is one of 1.5, 2, 2.5, and 3.

4. The method (1200) of claim 1, wherein 6/N is an integer, and wherein the random

access symbol group consists of 6/N symbols.

5. The method (1200) of any of claims 1-4, wherein the plurality of consecutive
symbols of the random access symbol group are all modulated on a single subcarrier

frequency.

6. The method (1200) of any of claims 1-4, wherein one or more of the plurality of
consecutive symbols of the random access symbol group are modulated on a first subcarrier
frequency and one or more others of the plurality of consecutive symbols of the random
access symbol group are modulated on a second subcarrier frequency, differing from the first

subcarrier frequency.
7. The method (1200) of claim 6, wherein each of the plurality of consecutive

symbols of the random access symbol group is modulated on a different subcarrier frequency

than all others of the plurality of consecutive symbols of the random access symbol group.
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8. The method (1200) of claim 7, wherein each of all but a first one of the plurality of
consecutive symbols of the random access symbol group is modulated on a subcarrier
frequency that is offset by a predetermined number of subcarrier spacings from the subcarrier

frequency for the preceding one of the plurality of consecutive symbols.

9. The method (1200) of claim 8, wherein the predetermined number of subcarrier

spacings is one of the set: {1, 2, 3,4,5,6,7,8,9, 10, 11}.

10. The method (1200) of claim 7, wherein a mapping of the plurality of consecutive
symbols of the random access symbol group to subcarrier frequencies is determined by a
hopping matrix, wherein said hopping matrix defines multiple mapping patterns that each
depend on a subcarrier frequency for a first one of the plurality of consecutive symbols of the

random access symbol group.

11. The method (1200) of claim 10, wherein the hopping matrix is defined such that
any random access symbol group defined by the hopping matrix is adjacent to any other
random access symbol group defined by the hopping matrix for no more than one symbol

time.

12. The method (1200) of claim 10, wherein the hopping matrix comprises a
horizontal axis that corresponds to symbols and a vertical axis that corresponds to subcarrier
frequencies, wherein each of a plurality of intra-group hopping patterns is identified in the
hopping matrix by a given value that is the same among random access symbols of the same
intra-group hopping pattern, and wherein each intra-group hopping pattern has a different

value.

13. The method (1200) of any of claims 1-12, wherein the method (1200) further

comprises receiving, from the wireless network, an indication of N.

14. The method (1200) of claim 13, wherein the indication of N is received via Radio

Resource Control (RRC) signaling or system information broadcast signaling.
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15. The method (1200) of any of claims 1-12, wherein N is determined by which of a
plurality of pre-configured random access resources is to be used for the transmitting of the

random access preamble signal.

16. The method (1200) of any of claims 1-12, wherein the generated random access

preamble signal further comprises one or more repetitions of the random access symbol

group.

17. The method (1200) of claim 16, wherein each repetition of the random access
symbol group begins on a different subcarrier frequency than the immediately preceding

random access symbol group.

18. The method (1200) of claim 16 or 17, wherein the method (1200) further

comprises receiving, from the wireless network, an indication of a number of the repetitions.

19. The method (1200) of any of claims 1-18, wherein subcarrier frequencies of the

random access preamble signal are spaced by 3.75 kHz.

20. The method (1200) of any of claims 1-18, wherein subcarrier frequencies of the

random access preamble signal are spaced by 3.75/N kHz.

21. A method (1300), in a wireless device (12) operating in a wireless network, the
method (1300) comprising:

generating a random access preamble signal (1310); and

transmitting the random access preamble signal (1320);

wherein the generated random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, the plurality of consecutive
symbols comprising at least three consecutive symbols, wherein each of the plurality of
consecutive symbols is modulated on a corresponding subcarrier frequency and each of the
plurality of consecutive symbols of the random access symbol group is modulated on a
different subcarrier frequency than all others of the plurality of consecutive symbols of the

random access symbol group.
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22. The method (1300) of claim 21, wherein each of all but a first one of the plurality
of consecutive symbols of the random access symbol group is modulated on a subcarrier
frequency that is offset by a predetermined number of subcarrier spacings from the subcarrier

frequency for the preceding one of the plurality of consecutive symbols.

23. The method (1300) of claim 22, wherein the predetermined number of subcarrier

spacings is one of the set: {1, 2, 3,4,5,6,7,8,9, 10, 11}.

24. The method (1300) of claim 21, wherein a mapping of the plurality of consecutive
symbols of the random access symbol group to subcarrier frequencies is determined by a
hopping matrix, wherein said hopping matrix defines multiple mapping patterns that each
depend on a subcarrier frequency for a first one of the plurality of consecutive symbols of the

random access symbol group.

25. The method (1300) of claim 24, wherein the hopping matrix is defined such that
any random access symbol group defined by the hopping matrix is adjacent to any other
random access symbol group defined by the hopping matrix for no more than one symbol

time.

26. The method (1300) of claim 24, wherein the hopping matrix comprises a
horizontal axis that corresponds to symbols and a vertical axis that corresponds to subcarrier
frequencies, wherein each of a plurality of intra-group hopping patterns is identified in the
hopping matrix by a given value that is the same among random access symbols of the same
intra-group hopping pattern, and wherein each intra-group hopping pattern has a different

value.

27. A wireless device (12) comprising a radio transceiver (32) adapted to
communicate with a wireless network and further comprising one or more processing circuits

(30) adapted to carry out the method (1200, 1300) of any of claims 1-26.
28. A wireless device (12) for operating in a wireless network and adapted to:

generate a random access preamble signal; and

transmit the random access preamble signal;
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wherein the generated random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, each of the plurality of
consecutive symbols being modulated on a corresponding subcarrier frequency and each of
the plurality of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz,

with N > 1.

29. A wireless device (12) for operating in a wireless network and adapted to:

generate a random access preamble signal; and

transmit the random access preamble signal;

wherein the generated random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, the plurality of consecutive
symbols comprising at least three consecutive, wherein each of the plurality of consecutive
symbols is modulated on a corresponding subcarrier frequency and each of the plurality of
consecutive symbols of the random access symbol group is modulated on a different
subcarrier frequency than all others of the plurality of consecutive symbols of the random

access symbol group.

30. A method (1600), in a wireless access node (10) operating in a wireless network,
the method (1600) comprising:

receiving a radio frequency signal (1610); and

detecting a random access preamble signal in the received radio frequency signal

(1620);

wherein the detected random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, each of the plurality of
consecutive symbols being modulated on a corresponding subcarrier frequency and each of
the plurality of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz,

with N > 1.

31. The method (1600) of claim 30, wherein N = 2.

32. The method (1600) of claim 30, wherein N is one of 1.5, 2, 2.5, and 3.

33. The method (1600) of claim 30, wherein 6/N is an integer, and wherein the

random access symbol group consists of 6/N symbols.
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34. The method (1600) of any of claims 30-33, wherein the plurality of consecutive
symbols of the random access symbol group are all modulated on a single subcarrier

frequency.

35. The method (1600) of any of claims 30-33, wherein one or more of the plurality of
consecutive symbols of the random access symbol group are modulated on a first subcarrier
frequency and one or more others of the plurality of consecutive symbols of the random
access symbol group are modulated on a second subcarrier frequency, differing from the first

subcarrier frequency.

36. The method (1600) of claim 35, wherein each of the plurality of consecutive
symbols of the random access symbol group is modulated on a different subcarrier frequency

than all others of the plurality of consecutive symbols of the random access symbol group.

37. The method (1600) of claim 36, wherein each of all but a first one of the plurality
of consecutive symbols of the random access symbol group is modulated on a subcarrier
frequency that is offset by a predetermined number of subcarrier spacings from the subcarrier

frequency for the preceding one of the plurality of consecutive symbols.

38. The method (1600) of claim 37, wherein the predetermined number of subcarrier

spacings is one of the set: {1, 2, 3,4,5,6,7,8,9, 10, 11}.

39. The method (1600) of claim 36, wherein a mapping of the plurality of consecutive
symbols of the random access symbol group to subcarrier frequencies is determined by a
hopping matrix, wherein said hopping matrix defines multiple mapping patterns that each
depend on a subcarrier frequency for a first one of the plurality of consecutive symbols of the

random access symbol group.

40. The method (1600) of claim 39, wherein the hopping matrix is defined such that
any random access symbol group defined by the hopping matrix is adjacent to any other
random access symbol group defined by the hopping matrix for no more than one symbol

time.
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41. The method (1600) of claim 39, wherein the hopping matrix comprises a
horizontal axis that corresponds to symbols and a vertical axis that corresponds to subcarrier
frequencies, wherein each of a plurality of intra-group hopping patterns is identified in the
hopping matrix by a given value that is the same among random access symbols of the same
intra-group hopping pattern, and wherein each intra-group hopping pattern has a different

value.

42. The method (1600) of any of claims 30-41, wherein the detected random access

preamble signal further comprises one or more repetitions of the random access symbol

group.

43. The method (1600) of claim 42, wherein each repetition of the random access
symbol group begins on a different subcarrier frequency than the immediately preceding

random access symbol group.

44. The method (1600) of any of claims 30-43, wherein subcarrier frequencies of the

random access preamble signal are spaced by 3.75 kHz.

45. The method (1600) of any of claims 30-43, wherein subcarrier frequencies of the

random access preamble signal are spaced by 3.75/N kHz.

46. A method (1700), in a wireless access node (10) operating in a wireless network,
the method (1700) comprising:

receiving a radio frequency signal (1710); and

detecting a random access preamble signal in the radio frequency signal (1720);

wherein the detected random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, the plurality of consecutive
symbols comprising at least three consecutive symbols, wherein each of the plurality of
consecutive symbols is modulated on a corresponding subcarrier frequency and each of the
plurality of consecutive symbols of the random access symbol group is modulated on a
different subcarrier frequency than all others of the plurality of consecutive symbols of the

random access symbol group.
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47. The method (1700) of claim 46, wherein each of all but a first one of the plurality
of consecutive symbols of the random access symbol group is modulated on a subcarrier
frequency that is offset by a predetermined number of subcarrier spacings from the subcarrier

frequency for the preceding one of the plurality of consecutive symbols.

48. The method (1700) of claim 47, wherein the predetermined number of subcarrier

spacings is one of the set: {1, 2, 3,4,5,6,7,8,9, 10, 11}.

49. The method (1700) of claim 46, wherein a mapping of the plurality of consecutive
symbols of the random access symbol group to subcarrier frequencies is determined by a
hopping matrix, wherein said hopping matrix defines multiple mapping patterns that each
depend on a subcarrier frequency for a first one of the plurality of consecutive symbols of the

random access symbol group.

50. The method (1700) of claim 49, wherein the hopping matrix is defined such that
any random access symbol group defined by the hopping matrix is adjacent to any other
random access symbol group defined by the hopping matrix for no more than one symbol

time.

51. The method (1700) of claim 49, wherein the hopping matrix comprises a
horizontal axis that corresponds to symbols and a vertical axis that corresponds to subcarrier
frequencies, wherein each of a plurality of intra-group hopping patterns is identified in the
hopping matrix by a given value that is the same among random access symbols of the same
intra-group hopping pattern, and wherein each intra-group hopping pattern has a different

value.

52. A wireless access node (10) comprising a radio transceiver (42) adapted to
communicate with one or more wireless devices (12) and further comprising one or more

processing circuits (40) adapted to carry out the method (1600, 1700) of any of claims 30-51.
53. A wireless access node (10) for operating in a wireless network and adapted to:

receive a radio frequency signal; and

detect a random access preamble signal in the received radio frequency signal;
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wherein the detected random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, each of the plurality of
consecutive symbols being modulated on a corresponding subcarrier frequency and each of
the plurality of consecutive symbols corresponding to a truncated sinusoid of 3.75/N kHz,

with N > 1.

54. A wireless access node (10) for operating in a wireless network and adapted to:

receive a radio frequency signal; and

detect a random access preamble signal in the received radio frequency signal;

wherein the detected random access preamble signal comprises a random access
symbol group that comprises a plurality of consecutive symbols, the plurality of consecutive
symbols comprising at least three consecutive symbols, wherein each of the plurality of
consecutive symbols is modulated on a corresponding subcarrier frequency and each of the
plurality of consecutive symbols of the random access symbol group is modulated on a
different subcarrier frequency than all others of the plurality of consecutive symbols of the

random access symbol group.

55. A computer program product comprising program instructions for a processor (30)
in a wireless device (12) operating in a wireless network, wherein said program instructions
are configured so as to cause the wireless device (12) to carry out a method (1200, 1300)
according to any of claims 1-26 when the program instructions are executed by the processor

(30).

56. A computer program product comprising program instructions for a processor (40)
in a wireless access node (10) operating in a wireless network, wherein said program
instructions are configured so as to cause the wireless access node (10) to carry out a method
(1600, 1700) according to any of claims 30-51 when the program instructions are executed by

the processor (40).

57. A non-transitory computer-readable medium (36, 46) comprising, stored

thereupon, the computer program product of claim 55 or 56.
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58. A wireless device (12), comprising:

a signal generation module (1502) for generating a random access preamble signal;
and

a transmission module (1504) for transmitting the random access preamble signal,
wherein the signal generation module (1502) is configured such that the generated random
access preamble signal comprises a random access symbol group that comprises a plurality of
consecutive symbols, each of the plurality of consecutive symbols being modulated on a
corresponding subcarrier frequency and each of the plurality of consecutive symbols

corresponding to a truncated sinusoid of 3.75/N kHz, with N > 1.

59. A wireless device (12), comprising:

a signal generation module (1502) for generating a random access preamble signal;
and

a transmission module (1504) for transmitting the random access preamble signal,
wherein the generated random access preamble signal comprises a random access symbol
group that comprises a plurality of consecutive symbols, the plurality of consecutive symbols
comprising at least three consecutive symbols, where each of the plurality of consecutive
symbols is modulated on a corresponding subcarrier frequency and each of the plurality of
consecutive symbols of the random access symbol group is modulated on a different
subcarrier frequency than all others of the plurality of consecutive symbols of the random

access symbol group.

60. A wireless access node (10), comprising:

a receiving module (1902) for receiving a radio frequency signal; and

a detection module (1904) for detecting a random access preamble signal in the
received radio frequency signal, wherein the detected random access preamble signal
comprises a random access symbol group that comprises a plurality of consecutive symbols,
each of the plurality of consecutive symbols being modulated on a corresponding subcarrier
frequency and each of the plurality of consecutive symbols corresponding to a truncated

sinusoid of 3.75/N kHz, with N > 1.

61. A wireless access node (10), comprising:

a receiving module (1902) for receiving a radio frequency signal; and
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a detection module (1904) for detecting a random access preamble signal in the
received radio frequency signal, wherein the wireless access node (10) is adapted to receive a
radio frequency signal and detect a random access preamble signal in the received radio
frequency signal, where the detected random access preamble signal comprises a random
access symbol group that comprises a plurality of consecutive symbols, the plurality of
consecutive symbols comprising at least three consecutive symbols, and wherein each of the
plurality of consecutive symbols is modulated on a corresponding subcarrier frequency and
each of the plurality of consecutive symbols of the random access symbol group is modulated
on a different subcarrier frequency than all others of the plurality of consecutive symbols of

the random access symbol group.

33



PCT/SE2018/050005

119

WO 2018/128579

NOISSINSNVHL
319INV3dd SS30JV INOANVYH HO4
@3Ad3S3d 304NOS3H MNITdN

IE |

NOISSINSNVHL V.1vd
HO4 d3SN S304NOS3H MNINdN

JNVHL sw O}

CYR




WO 2018/128579

2119

PCT/SE2018/050005

FIG. 2

UE eNB
RANDOM ACCESS PREAMBLE
( ) >
RANDOM ACCESS RESPONSE
- O,
@ SCHEDULED TRANSMISSION
>
CONTENTION RESOLUTION
- O,




WO 2018/128579 3/19 PCT/SE2018/050005

FIG. 3



WO 2018/128579 4/19 PCT/SE2018/050005

UE LTE RAN

SYSTEM INFORMATION FOR
< RANDOM ACCESS
RANDOM ACCESS ORDER
<
RANDOM ACCESS PREAMBLE
MSG2: RANDOM ACCESS RESPONSE
-

FIG. 4



WO 2018/128579 5/19 PCT/SE2018/050005
Frequency
A Symbol
- Cyclic Prefix
266 or 66 s 266 us
= ..
ol
. » Time
& >

14o0r1.6ms

FIG. 5



WO 2018/128579 6/19 PCT/SE2018/050005

""" A [__1 Available resource
B  Occupied resource

Aouanbalg

ZHY GL°E X 8Y

ZHY GL°C
Slo
ZHNGLEX L

» Time

1.6 ms

FIG. 6



WO 2018/128579 M9 PCT/SE2018/050005

CE2

%]
& 32 repetitons—mmmmmmm ™ >

FIG. 7

<~

CEO

N
K———48 sub-carriers——

dl
-

Frequency



WO 2018/128579 8/19

Frequency

ZHY GL°C

V'S

7

532 us

Y

PCT/SE2018/050005

3.75 kHz symbol

3.75 kHz Cyclic prefix

1.875 kHz symbol

1.875 kHz Cyclic prefix

ot

1.6 ms

FIG. 8

P Time



9/19 PCT/SE2018/050005

WO 2018/128579

6 "Old

ubisep HOVYdN £1-8Y uo paseq paulw.alep si dnoib
loquiAs yoea ul joquifs js.1) a3 Jo uonisod Aouanbai

g g 8

N

/

i dnoub joquiAg ¢ dnoub joquiAg ¢ dnoub joquiAg | dnoJB joquiAg

dnoub [oquiAs yoea
uiyim paidde si buiddoy
Aauenbayy jeuonippe uy



WO 2018/128579 1019 PCT/SE2018/050005

1| 2
2 | 4
3 | 6
4 | 8
5 | 10

m 5 | 1] 4 [ 10
71 s8] 2] 9] 3
8 | 3 | 1] 6 [ 1] o9
o [ 5[ 1 106 | 2
w0741 ]11]s
11l o |75 3] 1
Y 1 | 0] 9| 8 |7

FIG. 10



11/19 PCT/SE2018/050005

WO 2018/128579

LL "OId

ubisep HOVYdN £1-8Y uo paseq paulw.alep si dnoib
loquiAs yoea ul joquifs js.1) a3 Jo uonisod Aouanbai

. . ]
Ll
e
[
[
e
L
dnoub [oquiAs yoes
uiyym payjdde si buiddoy
— Aouanbayy jeuonippe uy
\ _ \m _ \ _ /\ _ /
i dnoub joquiAg ¢ dnoub joquiAg ¢ dnoub joquiAg | dnoub joquiAg



WO 2018/128579 12/19 PCT/SE2018/050005

1200

GENERATE A RANDOM ACCESS PREAMBLE SIGNAL
COMPRISING A RANDOM ACCESS SYMBOL GROUP THAT
COMPRISES A PLURALITY OF CONSECUTIVE SYMBOLS,

EACH OF THE PLURALITY OF CONSECUTIVE SYMBOLS
BEING MODULATED ON A CORRESPONDING SUBCARRIER
FREQUENCY AND EACH OF THE PLURALITY OF
CONSECUTIVE SYMBOLS CORRESPONDING TO A
TRUNCATED SINUSOID OF 3.75/N KHZ, WITH N > 1
1210

'

TRANSMIT THE RANDOM ACCESS PREAMBLE SIGNAL
1220

FIG. 12



WO 2018/128579 13/19 PCT/SE2018/050005

1300

GENERATE A RANDOM ACCESS PREAMBLE SIGNAL
COMPRISING A RANDOM ACCESS SYMBOL GROUP THAT
COMPRISES A PLURALITY (THREE OR MORE) OF
CONSECUTIVE SYMBOLS, EACH OF THE PLURALITY OF
CONSECUTIVE SYMBOLS BEING MODULATED ON A
CORRESPONDING SUBCARRIER FREQUENCY AND EACH
BEING MODULATED ON A DIFFERENT SUBCARRIER
FREQUENCY THAN ALL OTHERS OF THE PLURALITY OF
CONSECUTIVE SYMBOLS
1310

l

TRANSMIT THE RANDOM ACCESS PREAMBLE SIGNAL
1320

FIG. 13



WO 2018/128579 14/19 PCT/SE2018/050005

34 r—-————7—7—7—7—— |
|
MEMORY
TRANSCEIVER j : CIRCUIT
32 I 36

| 36

I :

PROCESSING CIRCUIT 30

[MICROPROCESSOR(S) OR
MICROCONTROLLER(S), E.G/]

VN

USER EQUIPMENT 12

FIG. 14



WO 2018/128579 15/19 PCT/SE2018/050005

12

ANTENNA(S) 34 30, _6\
|

SIGNAL GENERATION
MODULE

TRANSCEIVER CIRCUIT 32 - 1502

TRANSMISSION
MODULE
1504

FIG. 15



WO 2018/128579 16/19 PCT/SE2018/050005

1600

\

RECEIVE A RADIO FREQUENCY SIGNAL
1610

'

DETECT, IN THE RECEIVED SIGNAL, A RANDOM ACCESS
PREAMBLE SIGNAL COMPRISING A RANDOM ACCESS
SYMBOL GROUP THAT COMPRISES A PLURALITY OF

CONSECUTIVE SYMBOLS, EACH OF THE PLURALITY OF

CONSECUTIVE SYMBOLS BEING MODULATED ON A
CORRESPONDING SUBCARRIER FREQUENCY AND EACH
OF THE PLURALITY OF CONSECUTIVE SYMBOLS
CORRESPONDING TO A TRUNCATED SINUSOID OF 3.75/N
KHZ, WITHN > 1.

1620

FIG. 16



WO 2018/128579 1719 PCT/SE2018/050005

1700

\

RECEIVE A RADIO FREQUENCY SIGNAL
1710

'

DETECT, IN THE RECEIVED SIGNAL, A RANDOM ACCESS
PREAMBLE SIGNAL COMPRISING A RANDOM ACCESS
SYMBOL GROUP THAT COMPRISES A PLURALITY (THREE
OR MORE) OF CONSECUTIVE SYMBOLS, EACH OF THE
PLURALITY OF CONSECUTIVE SYMBOLS BEING
MODULATED ON A CORRESPONDING SUBCARRIER
FREQUENCY AND EACH BEING MODULATED
ON A DIFFERENT SUBCARRIER FREQUENCY THAN ALL
OTHERS OF THE PLURALITY OF
CONSECUTIVE SYMBOLS
1720

FIG. 17



WO 2018/128579 18/19 PCT/SE2018/050005
N 44
[ jf

CORE NETWORK |
: INTERFACE 4 N TRANSCEIVER ‘
I 42
| 29 .
|
| ENODEB |
| INTERFACE  j¢———
[ 48 |
L e e e e e e J
PROCESSING CIRCUIT T [
40 | MEMORY :
I— CIRCUIT |
[MICROPROCESSOR(S) OR : 46 |
MICROCONTROLLER(S), E.G.] L

BASE STATION 10

FIG. 18




WO 2018/128579 19/19 PCT/SE2018/050005

10

40, 46
ANTENNA(S) 44 =52

| {____________jt>L___]

. RECEIVING |

: MODULE .

|

TRANSCEVERCIRCUT 42 |— — |
|

| |

| DETECTION |

. MODULE .

| 1904 |

| |

NETWORK INTERFACES Lo !

48, 49

FIG. 19



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2018/050005

A CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC: HO4B, HO4W

Minimum documentation searched (classification system followed by classification symbols)

SE, DK, FI, NO classes as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data, COMPENDEX, INSPEC, IBM-TDB

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X "3GPP Draft; R1-161835 - NB-loT - NPRACH Configurations”, | 21-27, 29, 46-
Ericsson, 2016-05-02, 3rd Generation Partnership Project 52, 54-57, 59,
(3GPP), Mobile Competence Centre ; 650, route des Lucioles | 61
; F-06921 Sophia-Antipolis Cedex ; France; whole document
A 1-20, 28, 30-45,
53, 58, 60
P, X WO 2018084953 A1 (QUALCOMM INC), 11 May 2018 (2018- | 21-27, 29, 46-
05-11); abstract; paragraphs [0002]-[0016], [0114]-[0142]; 52, 54-57, 59,
figures 11-13 61
P, A 1-20, 28, 30-45,
53, 58, 60

& Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

«pA” document defining the general state of the art which is not
considered to be of particular relevance

“E”  earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

04-06-2018

Date of mailing of the international search report

04-06-2018

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S$-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Jimmie Femzén

Telephone No. + 46 8 782 28 00

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2018/050005
C (Continuation).  DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A "R1-160093 - NB-loT - Design Considerations for Singe Tone | 1-61

Frequency Hopped NB-PRACH", Ericsson, 2016-01-12, 3rd

Generation Partnership Project (3GPP), Mobile Competence
Centre ; 650, route des Lucioles ; F-06921 Sophia-Antipolis

Cedex ; France; whole document

A "Random Access Preamble Design and Detection for 3GPP 1-61
Narrowband loT Systems", Lin Xingqin; Adhikary Ansuman;
Eric Wang Y-P, 2016-12-01, IEEE Wireless Communications
Letters; whole document

A "3GPP Draft; R1-157423 - NB-loT - UL Design", Ericsson, 1-61
2015-11-15, 3rd Generation Partnership Project (3GPP),
Mobile Competence Centre ; 650, route des Lucioles ; F-06921
Sophia-Antipolis Cedex ; France; whole document

Form PCT/ISA/210 (continuation of second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2018/050005

Continuation of: second sheet
International Patent Classification (IPC)

HO4W 74/08 (2009.01)
HO4B 1/7143 (2011.01)

Form PCT/ISA/210 (extra sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/SE2018/050005

WO 2018084953 A1 11/05/2018 US 20180131547 A1 10/05/2018

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - wo-search-report
	Page 56 - wo-search-report
	Page 57 - wo-search-report
	Page 58 - wo-search-report

