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MEASUREMENT-BASED RANDOM ACCESS CONFIGURATION

Field Of The Invention
[0001] The present invention relates generally to cellular telecommunication systems, and
in particular to systems and methods for performing a random access based on measurements

of one or more reference signals.

Background Of The Invention
[0002] In many wireless communication systems, a network communicates with mobile
devices (henceforth devices). In Long Term Evolution (LTE), for example, devices are
usually called user equipments (UE's). The network transmits and receives wireless signals
through transmission points (TP's). In traditional cellular wireless communication systems,
different TPs are often associated with different cells, wherein a TP typically refers to the
antenna system of a base station, e.g., a macro or a pico base station. In some cellular
wireless communication systems, several different TP's are associated with the same cell, for
example when the TP's are remote radio units (RRU's) connected to a base station, when the
TP's constitute a distributed antenna system (DAS) or when some TP's act as relays.
Different TP's are typically not co-located but this expression refers primarily to the TP
antenna systems, since other capabilities, such as baseband processing, may be co-located.
Data is typically transmitted between a TP and UE using one communication carrier, i.e., a
carrier center frequency and bandwidth within which the wireless signals are transmitted. A
TP often supports simultaneous communication on multiple different carriers. In such cases
it is natural that a TP is associated with different cells on different carriers. In some wireless
communication systems, devices may act as TP's, for instance as relays. In this role, the

device may assist other devices to access the network.
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Summary Of The Invention
[0003] The invention addresses the above and other needs by providing a method for a
device to communicate with one or more transmission points (TP’s). In one embodiment, the
method includes: receiving one or more synchronization signals; deriving a synchronization
reference from the one or more synchronization signals; receiving a plurality of reference
signals; based on the derived synchronization reference, performing a plurality of
measurements on the plurality of reference signals; based on the plurality of measurements,
selecting a plurality of random access resources; and selecting a random access resource from
the plurality of random access resources for transmitting a random access signal to at least
one of the one or more TP’s.
[0004] In accordance with various embodiment, the invention provides another method
for a device to communicate with a transmission point (TP). The method includes: receiving
one or more synchronization signals from the TP; deriving a synchronization reference from
the one or more synchronization signals; receiving a plurality of reference signals from the
TP; based on the derived synchronization reference, performing a plurality of measurements
on the plurality of reference signals; based on the plurality of measurements, selecting a
plurality of random access resources; and selecting a random access resource from the
plurality of random access resources for transmitting a random access signal to the TP.
[0005] In accordance with various embodiment, the invention provides a method for a
transmission point (TP) to adjust an amount of random access resources. The method
includes: transmitting a synchronization signal to one or more devices; transmitting one or
more reference signals to the one or more devices, wherein each reference signal is associated
with a set of random access resources of the TP; receiving one or more random access signals
from the one or more devices, wherein each of the one or more random access signals is

correspondent with at least one of the sets of the random access resources; and based on the
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one or more random access signals, adjusting a transmission power of at least one of the
reference signals.

[0006] In accordance with various embodiment, the invention provides a device that is
configured to communicate with one or more transmission points (TP’s). The device
includes at least one processor configured to: receive one or more synchronization signals;
derive a synchronization reference from the one or more synchronization signals; receive a
plurality of reference signals; based on the derived synchronization reference, perform a
plurality of measurements on the plurality of reference signals; based on the plurality of
measurements, select a plurality of random access resources; and select a random access
resource from a plurality of random access resources for transmitting a random access signal
to at least one of the one or more TP’s.

[0007] Further features and advantages of the present invention, as well as the structure
and operation of various embodiments of the present invention, are described in detail below

with reference to the accompanying drawings.

Brief Description Of The Drawings
[0008] The present invention, in accordance with one or more various embodiments, is
described in detail with reference to the following Figures. The drawings are provided for
purposes of illustration only and merely depict exemplary embodiments of the invention.
These drawings are provided to facilitate the reader’s understanding of the invention and
should not be considered limiting of the breadth, scope, or applicability of the invention. It
should be noted that for clarity and ease of illustration these drawings are not necessarily
made to scale.
[0009] Figure 1 illustrates a flow chart of a procedure for a device to access a network, in

accordance with one embodiment of the present invention.
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[0010] Figure 2 illustrates part of the procedure of Figure 1 in more detail, in accordance
with one embodiment of the present invention.

[0011] Figure 3 illustrates part of the procedure of Figure 1 in more detail, in accordance
with another embodiment of the present invention.

[0012] Figure 4 illustrates an example of a periodic burst signal, in accordance with one
embodiment of the invention.

[0013] Figure 5 illustrates an example of a burst signal that includes one or more
synchronizations signals and plural measurement RS's, in accordance with one embodiment
of the invention.

[0014] Figure 6 illustrates two examples of four sets of allowed random access resources,
in accordance with one embodiment of the invention.

[0015] Figure 7 illustrates an example of a random access mapping, in accordance with
one embodiment of the invention.

[0016] Figure 8 illustrates an example in which a device is in a geographical area
including plural synchronized TP's, in accordance with one embodiment of the invention.
[0017] Figure 9 illustrates two exemplary TP's that provide adaptive random access
resources, respectively, in accordance with one embodiment of the invention.

[0018] Figure 10 illustrates exemplary set(s) of allowed random access resources of the
two TP's Figure 9, respectively, in accordance with one embodiment of the invention.

[0019] Figure 11 illustrates an exemplary TP that transmits plural measurement RS's
through one or more beamforming functions, in accordance with one embodiment of the

invention.

Detailed Description Of Exemplary Embodiments

[0020] The approach is illustrated by way of example and not by way of limitation in the

figures of the accompanying drawings in which like references indicate similar elements. It
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should be noted that references to “an” or “one” or “some” embodiment(s) in this disclosure
are not necessarily to the same embodiment, and such references mean at least one.

[0021] In the following description of exemplary embodiments, reference is made to the
accompanying drawings which form a part hereof, and in which it is shown by way of
illustration of specific embodiments in which the invention may be practiced. Itis to be
understood that other embodiments may be utilized and structural changes may be made
without departing from the scope of the preferred embodiments of the invention.

[0022] In a wireless communication system, such as LTE and/or Universal Mobile
Telecommunications System (UMTS), in some embodiments, device(s) follow the procedure
described below when the device(s) initially access a network. LTE and UMTS are used as
examples below, within parentheses. First, the procedure for a device to access a network
(e.g., arandom access) is described as a flow chart 100 of Figure 1. Following the
description of the procedure, a variety of terms used in the procedure (e.g., synchronization,
measurement, and system information) are discussed in further detail. Subsequently, the
random access is discussed.

[0023] Referring now to Figure 1, the procedure 100 starts at operation 102 in which the
device searches for one or more synchronization signals, e.g., in the time, frequency, code,
spatial and/or other domains. In some embodiments, the one or more synchronization signals
may be transmitted by one or more TP's, which will be discussed in further detail below. In
LTE, for example, UEs initially search for the primary synchronization signals (PSS) and
secondary synchronization signals (SSS). In some LTE UE embodiments, UE's also include
cell-specific reference signals (CRS) in the set of synchronization signals. In some
embodiments, the device may initially search for one or more System Signature Indices (SSI),

which may be a synchronization signal.
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[0024] The procedure 100 continues to operation 104 in which the device detects one or
more synchronization signals. More specifically, as a part of a detection procedure, the
device may estimate the received power or signal quality of the synchronization signals.

Such estimates may aid the device in the detection decision. In some embodiments, the
device may estimate, detect, or determine other properties of one or more detected
synchronization signals, for example, a sequence used for a synchronization signal or a
combination of sequences used for multiple synchronization signals. Such properties may be
used in the detection procedure, or may be an output of the detection procedure. In LTE
embodiments, for example, the UE may determine the combination of sequences used for
PSS and SSS, which represents the physical cell identity (PCI) of the cell that uses the
detected PSS/SSS. In the example of the synchronization signal including SSI, in some
embodiments, the device may determine an index of the SSI at the operation 104.

[0025] In some embodiments, more specifically in the synchronization signal, one or
more detected synchronization signals provide the device with a reference in time, a reference
in frequency, a reference in code, a reference in space, a reference in power, a reference in
other dimension(s), or a combination thereof, henceforth denoted a “sync reference”. In
some embodiments, such a sync reference may include a reference parameter that can be later
used to perform one or more measurements on reference signal(s) (e.g., a measurement RS
which will be described below). In some embodiments, the sync reference is also used as a
reference while transmitting a random access signal and/or receiving a random access
response signal (which will be described below). A sync reference may be rough in some
cases, e.g., not sufficiently accurate for high-rate (e.g. low redundancy) data reception with
high performance (e.g. low decoding error rate). A sync reference may be fine in other cases,
e.g., sufficient for high-rate data rate data reception with high performance. In LTE, for

example, a synchronization based only on PSS/SSS may be considered rough. On the other
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hand, if CRS are used to refine the synchronization, the sync reference may be fine.
However, note that the synchronization accuracy is not a binary (e.g. rough or fine) concept
in general, but rather continuous from completely inaccurate to ideal. Also note that the
required level of synchronization accuracy depends on the communication scheme, e.g., the
used signal waveforms. In some embodiments, one or more detected synchronization signals
are used to obtain a sync reference. In some embodiments, multiple synchronization signals
are used to obtain multiple sync references. (In LTE or other embodiments, for example, one
set of PSS, SSS and CRS may be used to obtain a sync reference and another set of PSS, SSS
and CRS may be used to obtain another sync reference.) In some embodiments, different
SSI's may be used to obtain different sync references.

[0026] The procedure 100 continues to operation 106 in which the device performs
multiple measurements on multiple measurement RS's based on the sync reference. Each of
the measurements is performed on a reference signal (RS), here called a measurement RS. In
some cases, the measurement RS is also part of the synchronization signal(s), whereas in
other cases it is not. The time, frequency, code and/or space properties of the measurement
RS are derived from the sync reference. In some embodiments, the device may derive the
time location of the measurement RS by adding a known offset to the timing of the sync
reference. If a device has obtained multiple sync references, it may perform multiple
measurements on multiple measurement RS's for each sync reference. In some embodiments,
the device performs a measurement for each measurement RS. In some embodiments, the
device performs a measurement using multiple measurement RS's. Further, the output from a
measurement is one or more measurement results. Continuing with the example that the
synchronization signal including SSI(s), in some embodiments, the device may detect
multiple SSI'’s and perform multiple measurements on the multiple SSI's. A measurement on

an SSI may be based on the sync reference provided by the SSI. In some embodiments, the
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device may continuously perform the measurements after the operation 106. For example,
the device may remain performing the measurements through the operations 108, 110, and
112, and/or through the operations 114, 116, 118, and 120. Details of the operations 108-120
will be discussed in further detail below.

[0027] A “measurement” results in (i.e. yields) a measurement result. A measurement
result is used outside the measurement itself. In one example, it is sent to another node. In
LTE, for example, a UE sends an reference signal received power (RSRP) measurement to
the serving eNodeB. In another example, the measurement result is evaluated and if the
measurement result fulfills some criterion, an action is taken, for example it is sent to another
node in some embodiments. In LTE, for example, a UE evaluates if an RSRP measurement
result exceeds a threshold. If so, itis sent to the serving eNodeB in some embodiments. In
some embodiments, multiple measurement results are compared, and an action is taken as a
result of the comparison. In LTE, for example, a UE compares the RSRP measurement for
the serving cell with another RSRP measurement on a neighbor cell. If the neighbor cell
RSRP is high enough compared to the serving cell RSRP, the neighbor cell RSRP is sent to
the serving cell according to various embodiments.

[0028] A measurement may use multiple instances of a signal and perform averaging, for
example, to get the measurement result, where the multiple instances can be separated by
time, frequency or code, for example. A measurement can also be done using different kinds
of signals, as long the outcome is a measurement result. In some embodiments, a
measurement can be done using different signals corresponding to different antennas or
antenna ports, and with the measurement result corresponding to a multi-antenna
transmission or an assumed multi-antenna transmission. In some embodiments, a signal that
is transmitted repeatedly, e.g., periodically, is continuously measured/monitored. In such

cases, it is common to include previous measurement results into the computation of new
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measurement results. Still, the new measurement result can be seen as the output of a new
measurement. In some LTE embodiments, for example, CRS are transmitted periodically. A
UE that continuously monitors CRS-based RSRP may obtain a new measurement result after
each CRS transmission in various embodiments, even though the new RSRP is partly based
on the previously obtained RSRP.

[0029] In some embodiments, intermediate measurement values, e.g., within an averaging
process, that are not used outside the measurement itself are not considered individual
measurement results. Consequently, the set of actions that result in such an intermediate
measurement value is not considered an individual measurement in such embodiments.
However, in some embodiments multiple measurements can be performed on the same signal,
if the different measurements output individual measurement results. In LTE, for example,
multiple different measurement results can be obtained from the same CRS, e.g., RSRP,
RSRQ or a frequency offset.

[0030] Referring back to Figure 1, the procedure 100 continues to operation 108 in which
the device receives, from the one or more TP's, one or more signals containing system
information, based on the sync reference, in accordance with various embodiments. In the
example of LTE, the UE receives system information over both physical broadcast channel
(PBCH) and physical downlink shared channel (PDSCH), using the sync reference of the cell.
More specifically in the operation 108, if a device has obtained multiple sync references, and
subsequently obtained multiple corresponding measurement results, as described above
(operation 106), the device may use one or more of those sync references to receive one or
more separate pieces of system information. In the same example of LTE, a UE may detect
multiple cells with separate sync references, i.e., different timing, carrier frequency, cell-id,
etc. Then the UE may choose one or more of those cells, e.g., based on the measurement

result from the operation 106, from which to receive system information. In some
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embodiments, continuing with the SSI example described above, the device may receive one
or more signals containing system information, which may include a common access
information table (C-AIT), based on a sync reference. Then, it may choose an entry in the
table (typically containing system information), e.g., based on measurement results from the
operation 106. For example, the index of the SSI with the highest measured RSRP may be
used to select an entry.

[0031] In some embodiments, the procedure 100 continues to optional operation 110 in
which the device decodes the received signal to obtain the system information, if the system
information is encoded with channel coding (e.g., forward error correction (FEC)). More
specifically, in some embodiments, if a device receives multiple pieces of system information
based on multiple sync references, the device may separately decode the multiple pieces of
system information. In the example of LTE, the UE may decode system information from
multiple different cells. The system information may include various system parameters and
configurations etc., in accordance with various embodiments. Details of the system
information will be described in further detail at the following operation 112.

[0032] The procedure 100 continues to operation 112 in which the device derives
(extracts) one or more random access configuration from the system information, in
accordance with various embodiments. In some embodiments, the system information
includes random access configuration. Generally, the random access configuration provides
instruction(s) to the device on how the device may perform a random access. The random
access configuration typically includes information of a set of allowed random access
resources that the device may use to transmit a random access signal. A random access
resource is a combination of, for example, time, frequency, space, code/sequence and/or
power resources. The random access resources are at least partly (e.g. time and frequency)

defined in relation to the sync reference. In the example of LTE, the random access
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configuration is defined for each cell, which also has its own sync reference. The set of
allowed random access resources is defined by a set of resource blocks (RB's) in time and
frequency and a set of allowed preamble sequences. In the example of SSI, a C-AlT is a
table included in a piece of system information. An entry in the table corresponds to an SSI.
An entry in the table includes a random access configuration, in which the set of allowed
random access resources are defined in relation to the sync reference provided by the SSI
corresponding to the entry.

[0033] In some embodiments, the random access configuration further includes
information on a mapping between the multiple measurement results (as described at the
operation 106) and a set of allowed random access resources that the device may use to
transmit a random access signal. In some embodiments, such a mapping may be referred to
as a random access mapping.

[0034] Referring still to the operation 112 of Figure 1, in some embodiments, if a device
has obtained multiple sync references and successfully decoded multiple corresponding
pieces of system information, the device may have obtained multiple different random access
configurations. In various embodiments, some or all of such multiple different random
access configurations include random access mappings, which may be different from or
identical to one another. The device may then use the random access mapping for the
corresponding sync reference in relation to which the device will attempt a random access. In
the example of SSI, an AIT may contain multiple entries, i.e. an AIT contains multiple
different sets of random access resources, defined in relation to the corresponding sync
reference (of the SSI).

[0035] Referring still to the operation 112 of Figure 1, in some embodiments, the system
information does not include information about the random access mapping. In such

embodiments, the random access mapping may be specified in the communication standard,
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(i.e. being known beforehand). In some embodiments, the TP's (and the network) know the
random access mapping(s) that the devices use. In some embodiments, the TP's (and the
network) know some parts or aspects of the random access mapping(s) that the devices use,
while other parts or details are not known.

[0036] Referring still to the operation 112 of Figure 1, in some embodiments, the system
information contains a configuration of the measurement RS's. As such, the configuration
may include a number of measurement RS's, a bandwidth used by a measurement RS, a
combined bandwidth used by multiple measurement RS, a time-multiplexing pattern, (e.g.
period and time-offset), used by measurement RS's (e.g., time-multiplexed in bursts as
described with respect to Figure 4), or a combination thereof.

[0037] In some alternative embodiments, the operation 112 may occur prior to the
operation 106 when the system information includes a configuration of the measurement RS's.
[0038] Referring still to the operation 112 of Figure 1, in some embodiments, the random
access mapping takes other factors into account, in addition to measurement results.
Examples of such factors include but are not limited to: a state of the device; a purpose of the
random access attempt (for example, hand over, recover link failure, random access with data
transmission, which will be described further with respect to operations 116 and 122, random
access to request uplink scheduling grant or random access following a received paging, etc.);
a type of service or the service QoS requirements for which the random access procedure is
triggered. In some embodiments, the random access mapping maps multiple measurement
results to multiple sets of allowed random access resources, which may be disjoint or
overlapping. In some embodiments, at least some measurement results are obtained prior to
system information. In some embodiments, a device can assume that system information, or a
part of the system information, is present based on some measurement result(s), e.g., if the

result(s) are above a certain threshold.
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[0039] After obtaining sync reference(s), performing measurement(s) and/or obtaining
system information, (including random access configuration(s)), a device may proceed to the
random access procedure. In some embodiments, operations 114, 116, 118, and 120 of the
Figure 1 illustrates a random access procedure. Details of each of the operations 114 to 120
are described as follows.

[0040] Still referring to Figure 1, the procedure 100 continues to operation 114 in which
the device selects a random access resource to be used, from a set of allowed random access
resources, in accordance with various embodiments. The device may select a random access
resource to be used based on a variety of parameters such as, for example, time,
code/sequence, measurement results (i.e., operation 106) which will be described further with
respect to Figures 2 and 3, etc.

[0041] Regarding time, for shorter random access delay, the device may advantageously
select a random access resource that follows shortly in time, in various embodiments.
Regarding code/sequence, in some embodiments, the device conveys information to the
random access signal receiver by the selection of the code/sequence used for the random
access signal. For example, the set of possible codes/sequences may be subdivided into
subsets, where the device subset selection is based on the information to be conveyed. The
random access receiver is the entity intended to receive and detect the random access signal.
In some embodiments, one or more TPs are used. In LTE, for example, the preamble
sequences for contention-based random access are subdivided into two subsets. The subset to
which the UE-selected sequence belongs indicates to the eNodeB the size of a subsequent UE
message. In some other embodiments, the device may choose randomly or pseudo-randomly
among the set of possible random access codes/sequences.

[0042] In some embodiments, if the device has obtained multiple random access

configurations corresponding to multiple sets of allowed random access resources, the device
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may first select which of those sets to select from. For example, such a selection may be
based on the measurement results corresponding to the different sync references, as described
in the operation 106 of Figure 1. In other embodiments, the network may decide based on
which sync reference the device will perform random access. In LTE, for example, the UE
may initially choose to which cell to perform random access, typically based on the
measurement results. Then the UE would apply the random access configuration of that cell
and select a corresponding resource. During handover, on the other hand, the serving cell
decides to which cell the UE should perform random access.

[0043] As described above, in some embodiments, the selection of random access
resource(s) may be based on the measurements (e.g., operation 106). More specifically, in
the illustrated embodiment of Figure 2, based on the results of the multiple measurements on
the multiple measurement RS's (i.e., the operation 106) and possibly other factors, the device
selects a set of allowed random access resources (i.e., the operation 114), using a random
access mapping (as described at the operation 112). In some embodiments, multiple sets of
allowed random access resources are selected. In the illustrated embodiment of Figure 3, in
which multiple sets of allowed random access resources are selected (i.e., multiple operations
114 as shown in Figure 3), the operation 114 may be implemented as that the device selects a
random access resource for each set of allowed random access resources, as illustrated in
Figure 3. In some embodiments of the operation 114, the device may select multiple random
access resources from a single set of allowed random access resources.

[0044] Referring back to Figure 1, the procedure 100 continues to optional operation 116
in which the device transmits a random access signal, using a selected random access
resource, in accordance with various embodiments. In some embodiments, the device may
also transmit data as part of or in connection with the random access signal, in addition to any

information embedded in the choice of code/sequence (as described above with respect to the

14



WO 2017/011802 PCT/US2016/042643

operation 114), before receiving a random access response (i.e., operation 120 which will be
described below). The transmit power used for the random access signal may also be based
on a measurement result.

[0045] In some embodiments, in which multiple random access resources are selected (as
shown in Figure 3), accordingly, the operation 116 may be implemented as that the device
transmits multiple random access signals, using the selected random access resources.
According to such embodiments, a device would then transmit multiple random access
signals, before a response is received. In some embodiments in which multiple random
access resources are separated in time, a response to an early transmitted random access
signal may be received before a later random access signal is transmitted.

[0046] The procedure 100 continues to operation 118 in which the random access signal
receiver receives and, in response, starts to detect random access signals on a random access
resource. In some embodiments, the random access signal receiver includes the TP that
provides the set(s) of allowed random access resources.

[0047] The procedure continues to operation 120 in which the random access receiver
(e.g., the TP) responds to the device according to the detection at the operation 118, in
accordance with various embodiments. In some embodiments, if the detection at the
operation 120 is successful, the random access receiver responds to the device with a random
access response. In some LTE embodiments, for example, the eNodeB responds to the UE
with a random access response (RAR) message. In some UMTS embodiments, the NodeB
responds with the Acquisition Indicator Channel (AICH). Other responses may be used in
other embodiments. The random access response typically contains further information and
configuration for the device. If data was transmitted as part of or in connection with the
random access signal, the random access response may include an acknowledgement (ACK)

or negative acknowledgement (NACK) of the successful decoding of this data. On the other
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hand, if the random access receiver does not successfully detect the random access signal, the
corresponding random access response will not be received by the device, which can deduce
that the random access attempt failed at some point. The device may then attempt again, in
some embodiments, by selecting a completely or partly new random access resource in the
operation 114, typically also with increased transmit power.

[0048] The procedure continues to operation 122 in which the device transmits data right
after the reception of the random access response, in accordance with various embodiments.
In some UMTS embodiments, for example, a small amount of data may be transmitted after
the random access signal, following the reception of the Acquisition Indicator Channel
(AICH).

[0049] The synchronization signal, the measurement RS, the measurement result, the
random access resource, and the random accessing mapping mentioned at the operations 104,
106, 108, and 112, respectively, will be described in further detail below.

[0050] Referring now to Figure 4, an exemplary embodiment of periodically transmitted
bursts is shown. More specifically in the illustrated embodiment of Figure 4, the periodically
transmitted bursts include a burst period, a burst duration, and a burst width. In some
embodiments, synchronization signals and measurement RS's are transmitted in bursts
(periodically). In some embodiments, the time between bursts, i.e., the burst period, in a
periodic transmission, is much larger than the burst duration. In some embodiments, the
burst duration is a multiple of 1 ms, e.g., between 1-5 ms. In some embodiments, the burst
duration is an integer multiple of the LTE Orthogonal Frequency Division Multiplexing
(OFDM) symbol duration, i.e., multiples of approximately 71.4 microseconds in some LTE
configurations. In some embodiments, the burst period is 80, 100, 160 or 200 milliseconds

but other durations may be used in other embodiments.
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[0051] In some embodiments, the synchronization signals are the synchronization signals
of LTE, i.e., PSS and SSS. In some such embodiments, the relation in time and frequency
between the PSS and the SSS is as in LTE, i.e., PSS follows in the OFDM symbol after the
SSS in Frequency Division Duplex (FDD) or two OFDM symbols after the SSS in Time
Division Duplex (TDD). In some embodiments, PSS is used as synchronization signal, but
not SSS. In some embodiments, CRS is also transmitted, in addition to PSS and/or SSS, and
may be used for synchronization. As described in the operation 104 of Figure 1, multiple
synchronization signals can be used to obtain a single sync reference, such as when the
PSS/SSS/CRS from a single cell are used to obtain one sync reference. Furthermore, in some
embodiments, multiple synchronization signals can be used to obtain multiple sync references,
such as when PSS/SSS/CRS from different (mutually unsynchronized) cells can be used to
obtain multiple sync references, i.e. one sync reference corresponding to the synchronization
of one cell.

[0052] In various embodiments, the device performs measurements on multiple
measurement RS's based on a sync reference, as described at the operation 106 of Figure 1.
In some embodiments, the multiple measurement RS’s are transmitted in bursts together with
synchronization signals (as shown in Figure 5), where various burst embodiments are
described above. In some embodiments, the multiple measurement RS's are transmitted only
in the bursts. In some other embodiments, in addition to being transmitted inside the burst(s),
the multiple measurement RS's may be transmitted outside the burst(s). In some
embodiments, the multiple measurement RS's are transmitted repeatedly in each burst. In
some embodiments, one or more of the multiple measurement RS's are not transmitted in
each burst. In some embodiments, an individual measurement RS that is not transmitted in

each burst is transmitted in every »™ burst, where n is an integer greater than 1. In some
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embodiments, up to n different measurement RS's are time-multiplexed by transmitting the
RS's on the same resources (except in time) in every n™ burst, but in different bursts.

[0053] In some embodiments, the multiple measurement RS's are transmitted repeatedly
in each burst. In some embodiments, one or more of the multiple measurement RS's are not
transmitted in each burst. In some embodiments, an individual measurement RS that is not
transmitted in each burst is transmitted in every n™ burst, where n is an integer greater than 1.
In some embodiments, up to » different measurement RS's are time-multiplexed by
transmitting the RS's on the same resources (except in time) in every n™ burst, but in different
bursts.

[0054] In some embodiments, one or more parameters related to the one or more
synchronization signals indicate one or more parameters related to the measurement RS's
discussed below. In some embodiments, one or more sequences/codes used for the
synchronization signals is used to indicate one or more parameters related to the
measurement RS's. In some embodiments where PSS/SSS is used as synchronization signals,
the PCI indicates one or more parameters related to the measurement RS's. In some
embodiments, the relative time difference between different synchronization signals
(corresponding to the same sync reference) indicates one or more parameters related to the
measurement RS's. In some embodiments in which PSS/SSS are used as synchronization
signals, the relative time difference between PSS and SSS may indicate one or more
parameters related to the measurement RS's.

[0055] In various embodiments, the burst containing synchronization signal(s) and
measurement RS's also contains basic system information, which in some embodiments
include one or more parameters related to the measurement RS. In some embodiments, the
basic system information is a block of channel encoded information bits modulated onto a set

of sub-carriers in a multi-carrier system. In other embodiments, the bits are modulated onto
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single-carrier waveform(s). In some embodiments, a burst that contains broadcasted system
information, or a certain piece of system information, also contains a transmission of one or
more certain measurement RS's. In some embodiments, a device may assume that the system
information, or a certain piece thereof, is available in the burst if measurement result(s) for
the one or more measurement RS(s) in the same burst are above certain threshold(s), and
where the measurement is not averaged over multiple bursts. These embodiments can be
used by the network or a TP to let only a fraction of the bursts contain broadcasted system
information, or certain pieces of system information. Devices would be notified by the
presence of the information by the presence of a measurement RS. In some embodiments,
the measurement RS(s) related to the presence of system information, or pieces of system
information, may also be used to demodulate the broadcasted system information.
[0056] In some embodiments, one or more parameters related to the measurement RS are
explicitly defined in a standard. In some embodiments, one or more parameters related to the
measurement RS were configured specifically for the device in an earlier connection to the
network. In some embodiments where a device is capable of multiple simultaneous
connections, such as dual connectivity in LTE or multi-connectivity in future systems, one or
more parameters related to the measurement RS are configured through an already present
connection. An already present connection is on the same carrier (i.e. frequency band) as the
carrier where the initial access of this disclosure occurs, in some embodiments, and on
another carrier, in some embodiments.
[0057] In some embodiments, the one or more parameters related to the measurement
RS's includes one or more of the following:

¢ the total bandwidth used for the measurement RS's,

e the frequency spacing between subcarriers' used for an individual measurement RS or

19



WO 2017/011802 PCT/US2016/042643

for multiple different measurement RS's,

e the time duration for an instance of an individual measurement RS, or for multiple
different measurement RS's, e.g. the duration within a burst,

s the time offset between a synchronization signal and an individual measurement RS,
or multiple different measurement RS's,

s the distribution in time and/or frequency between time-symbols and/or subcarriers
used for an individual measurement RS,

e the sequence or code used for an individual measurement RS, or for multiple different
measurement RS's,

e the amount of resources used for an individual measurement RS, or for multiple
different measurement RS's. Other parameters related to the measurement RSs are
used in other embodiments.

[0058] In the above discussion of the operation 106 of Figure 1, the device obtains one or
more measurement results from the measurement on one or more measurement RS's. Various
embodiments of a measurement result are listed below but other measurement results are
used in other embodiments:

s Reference signal received power (RSRP)

s Reference signal received quality (RSRQ)

s Signal to interference power ratio (SINR)

s Signal to noise power ratio (SNR)

s Signal to interference power ratio (SIR)

e Expected data rate

s Expected spectral efficiency

s Expected energy efficiency

s Expected latency
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¢ Channel estimate

¢ Channel quality indicator (CQI)

¢ Recommended, expected or supported transmission rank
[0059] In various embodiments with bursts, a device may average the measurement
results over multiple bursts. In some embodiments with bursts, a device may not average the
measurement results over multiple bursts. In some embodiments with bursts, a device may
average the measurement results over certain bursts, but not every burst.
[0060] Regarding the random access resource, in some embodiments, an allowed random
access resource is a random access slot. In some embodiments, an allowed random access
resource is a random access preamble. In some embodiments, an allowed random access
resource is a combination of a random access slot and a random access preamble.
[0061] In some embodiments, a set of allowed random access resources is a set of
random access preambles, in some embodiments a set of allowed random access resources is
the set of random access preambles, and a random access slot. In some embodiments, the set
of random access preambles includes all random access preambles, i.e. the selection of
random access preamble is not restricted. In some embodiments, the set of random access
preambles includes a sub-set of all random access preambles, i.e. the selection of random
access preamble is restricted. In some embodiments, a set of allowed random access
resources is a set of multiple random access slots with a set of random access preambles
defined for each of these random access slots.
[0062] In various embodiments, a random access slot is a continuous time-frequency
range, e.g. a set of adjacent RB’s in some embodiments or a set of adjacent sub-carriers and
time-symbols in some embodiments. In some embodiments, there are several simultaneous,
or partly simultaneous, random access slots on different frequencies. In some embodiments,

the time-frequency range of two different random access slots do not overlap, whereas they
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partly overlap in some embodiments. In some embodiments, a random access slot occurs
repeatedly in time, e.g. periodically in some embodiments.

[0063] In various embodiments, a random access preamble is a signal that may be used as
a random access signal by a device. In various embodiments, there are multiple different
random access preambles that may be used as random access signals. In some embodiments,
a random access preamble is defined by a sequence, code and/or index, that in various
embodiments are used to generate the random access preamble. In other embodiments, a
random access preamble is defined through other parameters, that may be used to generate
the signal.

[0064] Figure 6 illustrates examples (upper and lower examples) in which random access
resources following the bursts in time. In these examples, there are four sets of allowed
random access resources: A, B, C, D. In these example, sets A and B share the same random
access slot (time-frequency resources) and sets C and D share the same random access slot.
The sets A and B can still be different if A includes one set of random access preambles
while B includes another set of random access preambles. In some exemplary embodiments,
the set of preambles for A is the same as for C, and the set of preambles for B is the same as
for D. In some other embodiments, they differ from one another. In the upper example, the
sets of allowed random access resources overlap in time. In the lower example, they overlap
in frequency. The sets A, B, C and D are disjoint, since they differ in at least one of time,
frequency or preambles.

[0065] Referring now to the random access mapping described with respect to the
operation 112 of Figure 1, a random access mapping defines a mapping from multiple
measurement results (with various embodiments listed above) from multiple measurement
RS's (with various embodiments listed above) to one or more set(s) of allowed random access

resources (with various embodiments listed above).
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[0066] Various embodiments of such mappings are listed below. The measurement result
that is highest is used to select a set of allowed random access resources.

s In some embodiments, a measurement RS corresponds to a set of allowed random
access resources. The set of allowed random access resources for the measurement
RS with highest measurement result is selected.

s In some embodiments, a device obtains multiple different kinds of measurement
results for a measurement RS, for example, RSRP and expected spectral efficiency.
In some such embodiments, the multiple different kinds of measurement results may
be combined into a combined measurement result. Then, which combined
measurement result that is highest is used to select a set of allowed random access
resources.

s In some embodiments, multiple measurement RS's correspond to a set of allowed
random access resources, where the multiple measurement RS's are used to obtain a
measurement result. In some embodiments, different sets of multiple measurement
RS's correspond to different sets of allowed random access resources. The set of
allowed random access resources for the multiple measurement RS's with highest
measurement result is selected, in various embodiments.

s In some embodiments, a device obtains multiple different kinds of measurement
results for multiple measurement RS (that correspond to a set of allowed random
access resources), for example supported transmission rank and expected spectral
efficiency on each supported layer. In some such embodiments, the multiple different
kinds of measurement results may be combined into a combined measurement result.
Then, the combined measurement result that is highest may be used to select a set of

allowed random access resources.
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s In some embodiments, the measurement RS with highest measured RSRP is used to
select a set of allowed random access resources.
s In some embodiments, a set of allowed random access resources is selected only if the
highest result is above a threshold.
¢ In some embodiments, one kind of measurement result is used to find the
measurement RS with the highest measurement result and another kind of
measurement result on the measurement RS with highest measurement result is used
compare with a threshold, as above.
[0067] Figure 7 illustrates an example in which a set of allowed random access resource
is selected through the random access mapping based on a comparison of multiple
measurements on multiple measurement RS's. As illustrated in Figure 7, four different
measurement RS's (measurement RS's 1, 2, 3, and 4) are measured to provide measurement
results 1, 2, 3, and 4, and the measurement results are compared in the random access
mapping. Based on the comparison, the measurement result that is the highest is used to
select a set of allowed random access resources among the allowed random access resources
A, B, C, and D (as illustrated in Figure 6).
[0068] The disclosure also covers various embodiments as described above, e.g., in the
previous bullet, but with the M highest measurement results being used to select multiple (M,
in some embodiments) sets of allowed random access resources, where the sets can be
disjoint in some embodiments, and overlapping in some embodiments.
[0069] The measurement result(s) that are within a certain range of the highest
measurement result are used to select a set of allowed random access resources in various
embodiments. For example,
s In some embodiments, a measurement RS corresponds to a set of allowed random

access resources. The device selects the union of the sets of allowed random access
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resources for the measurement RS's with measurement results within a certain range
of the highest measurement result.

s In some embodiments, a device obtains multiple different kinds of measurement
results for a measurement RS, for example RSRP and expected spectral efficiency. In
some such embodiments, the multiple different kinds of measurement results may be
combined into a combined measurement result. Then, the combined measurement
result(s) that are within a certain range of the highest are used to select a set of
allowed random access resources in such embodiments.

s In some embodiments, multiple measurement RS corresponds to a set of allowed
random access resources, where the multiple measurement RS's are used to obtain a
measurement result. In some embodiments, different sets of multiple measurement
RS's correspond to different sets of allowed random access resources. In such
embodiments, the device selects the union of the sets of allowed random access
resources for the measurement RS's with measurement results within a certain range
of the highest measurement result.

s In some embodiments, a device obtains multiple different kinds of measurement
results for multiple measurement RS (that correspond to a set of allowed random
access resources), for example supported transmission rank and expected spectral
efficiency on each supported layer. In such embodiments, the multiple different kinds
of measurement results may be combined into a combined measurement result, for
example, the sum spectral efficiency over the layers. Then, the combined
measurement result(s) that are within a certain range of the highest are used to select a

set of allowed random access resources in such embodiments.
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¢ In some embodiments, the measurement RS's with measured RSRP's within a certain
range of the highest measured RSRP are used to select a set of allowed random access
resources.

s In some embodiments, a set of allowed random access resources is selected only if the
highest result is above a threshold. Various embodiments of the definition or
configuration of a threshold are given below.

s In some embodiments, only measurement result(s) within a certain range of the
highest measurement result that are also above a threshold are used to select a set of
allowed random access resources.

¢ In some embodiments, one kind of measurement result is used to find the
measurement RS with the highest measurement result and another kind of
measurement result on the measurement RS with highest measurement result is used

compare with a threshold, as above.

[0070] Various embodiments above include the use of thresholds. In some embodiments,
a threshold value is explicitly defined in a standard. In some embodiments, a threshold value
may be configured in broadcasted system information. In some embodiments, a threshold
value was configured specifically for the device in an earlier connection to the network, for
example, in an embodiment where the initial access in this disclosure is part of a handover
procedure, and the device was connected to the earlier connection before the handover. In
some embodiments where a device is capable of multiple simultaneous connections, such as
dual connectivity in LTE or multi-connectivity in future systems, a threshold value is
configured through an already present connection. An already present connection is on the

same carrier (i.e. frequency band) as the carrier where the initial access.
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[0071] The disclosure also provides multiple embodiments with the one or more
measurements RS(s) (with measurement results that are within a certain range of the highest
measurement result) being mapped to multiple sets of allowed random access resources. In
some embodiments, each of those measurement RS's are mapped to a set of allowed random
access resources. In some embodiments, the one or more measurement RS(s) are jointly
mapped to multiple sets of allowed random access resources.

[0072] The disclosure also covers the embodiments described above, but in which the
lowest measurement results are used instead of the highest.

[0073] In various embodiments, other factors are taken into account in the mapping, in
addition to measurements results, as listed in various embodiments above. For example,

s In some embodiments, the type of service (or services) that trigger the random access
is taken into account in the selection of set of allowed random access resources.

s In some embodiments, the quality of service or performance requirements of the
communication or service that triggered the random access is taken into account in the
selection of set of allowed random access resources.

s In some embodiments, the latency requirements are taken into account in the selection
of set of allowed random access resources. For example, for a shorter latency,
random access resources closer in time may be selected.

s In some embodiments, a need to receive system information is taken into account in
the selection of set of allowed random access resources.

s In some embodiments, requests to receive different pieces system information
correspond to different selections of sets of allowed random access resources.

¢ In some embodiments, a random access signal transmission corresponding to a

request to receive a certain piece of system information as outlined above, is followed

27



WO 2017/011802 PCT/US2016/042643

by the requested piece of system information as a random access response, or in

connection with the random access response.
[0074] Various embodiments of the definition or configuration of a random access
mapping used by a device are given below. In some embodiments, a mapping is explicitly
defined in a standard. In some embodiments, a mapping may be configured in broadcasted
system information. In some embodiments, a mapping was configured specifically for the
device in an earlier connection to the network, for example in an embodiment where the
initial access in this disclosure is part of a handover procedure, and the device was connected
to the earlier connection before the handover. In some embodiments where a device is
capable of multiple simultaneous connections, such as dual connectivity in LTE or multi-
connectivity in future systems, a mapping is configured through an already present
connection. An already present connection is on the same carrier (i.e. frequency band) as the
carrier where the initial access of this disclosure occurs, in some embodiments, and on
another carrier, in some embodiments.
[0075] In various embodiments, a device has obtained system information, which
includes an AIT, for instance by receiving and decoding a C-AIT or by receiving a D-AIT
using dedicated signaling.
[0076] In various embodiments, a piece of system information also includes a
configuration or indication of measurement RS, for example the number of different
measurement RS that are in use, the time/frequency resources used by the measurement RS,
the measurement RS transmission period, the sequences or values used for measurement RSs,
etc. In various embodiments, a measurement RS configuration is included in an AIT, for
example in a C-AIT or a D-AIT. In various embodiments, a measurement RS configuration is
included in a piece of system information that includes both a C-AIT and a measurement RS

configuration, i.e. a measurement configuration is not included in the C-AIT. In various
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embodiments, a measurement RS configuration is included in a dedicated device
configuration, e.g. by RRC signaling, that includes both a measurement RS configuration and
a D-AIT, i.e. a measurement configuration is not included in the D-AIT.

[0077] An AIT contains multiple entries, each corresponding to an SSI. An AIT entry
contains a random access configuration.

[0078] In various embodiments, a random access configuration contains multiple sets of
allowed random access resources. In various embodiments, such sets of allowed random
access resources are disjoint and in some embodiments they are overlapping, in various
combinations.

[0079] In various embodiments, a random access configuration contains or indicates a
random access mapping, e.g. from measurement results of measurement RS’s to set(s) of
allowed random access resources. Various embodiments of such mappings were described in
earlier sections, including a mapping from one measurement RS to one set of allowed random
access resources.

[0080] In various embodiments, a random access configuration includes an “unmapped”
set of allowed random access resources, where “unmapped” means that the set is not selected
based on a mapping from measurement result(s) on measurement RS(s), unlike the “mapped”
sets of allowed random access resources described above. In various embodiments, devices
may select a random access resource from an “unmapped” set of allowed random access
resources if, for various reasons, it is more suitable than to select a random access resource
from a “mapped” set. Such reasons may include, in various embodiments, that a
measurement result based on measurement RS is not available or not reliable, for instance,
due to:

e Requirements for low latency, such that a random access resource needs to be selected
and random access signal transmitted before a measurement result is obtained.

e Measurement result is inaccurate.
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e Device is moving at high speed so measurement results may be outdated

[0081] In various embodiments, an “unmapped” set of allowed random access resources
is defined by an overall (union of) set of allowed random access resources and the “mapped”
sets of allowed random access resources. The “unmapped” set is then the resources in the
overall set that are not included in any of the “mapped” sets.

[0082] In various embodiments, a random access configuration contains a configuration
of a set of allowed random access resources and a measurement RS. In various embodiments,
such a pair of a set and a measurement RS indicates a mapping in which a device should
select the set of allowed random access resources if the measurement result, e.g., RSRP, for
the measurement RS was the best (e.g. highest in the case of RSRP). In various embodiments,
a random access configuration may include one or more such pairs of sets of allowed random
access resources and measurement RSs. In various embodiments, a measurement RS
configuration within such a pair contains a more detailed measurement RS configuration,
according to various embodiments above. In various embodiments, a measurement RS
configuration within such a pair contains an index of a measurement RS, which points to a
more detailed measurement RS configuration elsewhere, for instance in a separate (e.g.
common or device-dedicated) measurement RS configuration or a measurement RS table in a
specification. In various embodiments, a measurement RS configuration within such a pair is
a combination of a more detailed measurement RS configuration and an index pointing to a
detailed configuration elsewhere.

[0083] Following the similar procedure 100 of Figure 1, in some alternative embodiments
wherein a synchronization signal includes an SSI, two procedures as described below may be
respectively used by a device before performing a random access (i.e., the operations from
114-122).

[0084] In an embodiment, a device searches for one or more synchronization signals that

include SSI’s (similar to operation 102 of Figure 1); the device detects one or more SSI’s.
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Each detected SSI provides the device with a sync reference (similar to operation 104 of
Figure 1); the device performs measurements on one or more SSI’s, wherein each different
measurement is performed using the corresponding different SSI as sync reference (similar to
operation 106 of Figure 1); the device receives system information, including an AIT (similar
to operation 108 of Figure 1); the device decodes system information, including an AIT
(similar to operation 110 of Figure 1); the device selects an entry in the AIT based on the SSI
measurement results, e.g., the entry corresponding to the index of the strongest measured SSI.
(similar to operation 112 of Figure 1) A random access configuration is included in the entry.
[0085] In another embodiment, the device may receive system information before
performing SSI measurements. As such, the procedure may be used as follows: a device
searches for one or more synchronization signals that include SSI's (similar to operation 102
of Figure 1); the device detects one or more SSI’s. Each detected SSI provides the device
with a sync reference (similar to operation 104 of Figure 1); the device receives system
information, including an AIT; the device decodes system information, including an AIT; the
device performs measurements on one or more SSI’s, where each different measurement is
performed using the corresponding different SSI as sync reference; The device selects an
entry in the AIT based on the SSI measurement results, e.g., the entry corresponding to the
index of the strongest measured SSI. A random access configuration is included in the entry.
[0086] The procedures described above are equivalent since the order between system
information reception and measurement is arbitrary.

[0087] Various further device procedure embodiments are described below, which are
based on embodiments described above where a random access configuration contains one or
more sets of allowed random access resources and results from measurement RS

measurements are used to select such a set.
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[0088] In some embodiments, referring back to the operation 108 of Figure 1, the device
decodes system information, including an AIT and a measurement RS configuration. The
device may immediately start measurements on measurement RS(s), with the SSI
corresponding to the selected AIT entry used as sync reference. In some embodiments,
referring back to the operation 110 of Figure 1, the device decodes system information,
including an AIT and a measurement RS configuration. The device may immediately start
measurements on measurement RS(s), with the SSI corresponding to the selected AIT entry
used as sync reference.

[0089] In some embodiments, referring back to the operation 112 of Figure 1, the device
selects an entry in the AIT based on the SSI measurement results, e.g. the entry
corresponding to the index of the strongest measured SSI. A random access configuration is
included in the entry. One or more sets of allowed random access resources are included in
the entry, for instance in the random access configuration, according to various embodiments
discussed above. In various embodiments, a measurement RS configuration is also included
in the entry, for instance according to various embodiments discussed above. In various
embodiments, for instance if a measurement RS configuration is included in system
information, an entry does not include a measurement RS configuration. In various
embodiments, if only one set of allowed random access resources are included in the entry,
then the device may use that set directly and skip the following sub-steps, which aim at
selecting a set from multiple sets. Furthermore, if there is an “unmapped” set of allowed
random access resources, according to various embodiments above, then the device may
choose to use the “unmapped” set directly.

[0090] In various embodiments, referring still to the operation 112 of Figure 1, the device
performs measurements based on measurement RS, with the SSI corresponding to the

selected AIT entry used as sync reference. In some embodiments, such measurements were
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started already earlier, for instance if a measurement RS configuration was included in a
system information. Measurement results based on measurement RS are obtained. A set of
allowed random access resources is selected, based on a random access mapping, e.g., based
on measurement results. Note that also an “unmapped” set may be selected in this step,
according to various embodiments.

[0091] In other words, a device performs a first synchronization and measurement based
on an SSI, which is similar to a first synchronization and measurement based on
PSS/SSS/CRS in LTE. Then, a device performs a selection of an entry in an AIT based on
the SSI measurement, which is similar to cell selection (and corresponding system
information for the selected cell) based on PSS/SSS/CRS in LTE.

[0092] However, in various embodiments, a random access mapping, e.g., based on
measurement RS measurements using the SSI corresponding to the selected AIT entry as
sync reference, is used to select a set of allowed random access resources, from the one or
more sets indicated in the random access configuration.

[0093] In various embodiments, the measurement RS’s may bereceived immediately after
the C-AIT, in order to facilitate a faster initial access procedure. In various embodiments, the
measurement RS’s may be received simultaneously or partly simultaneously as the C-AIT.

In various embodiments, the measurement RSs may be received immediately before the C-
AIT. In various embodiments, the measurement RS are configured with a transmission
period equal to the C-AIT transmission period. In various embodiments, the measurement
RS are configured with a transmission period an integer multiple times shorter than the C-
AIT transmission period, for example 2, 4, 5, 8, 10 or 16 times smaller than the C-AIT
transmission period.

[0094] Figure 8 illustrates an example in which a device is in a geographic area including

multiple synchronized TP's . In some embodiments, the device may try to establish a
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connection (e.g., random access) with at least one of the TP's. In the embodiment illustrated
in Figure 8, N different TP's transmit the same set of synchronization signal(s). In other
embodiments, only a subset of the TP’s transmit the synchronization signal(s). The device
receives the synchronization signal(s) from different TP's superimposed on each other,
possibly with minor individual time and/or frequency offsets. With sufficiently good
combination of inter-TP synchronization, low mobility and small radio propagation distances,
the device will perceive the signals from the multiple different TP as multipath components,
that often also exist in a link between a single-TP and a device. Hence, the device cannot
reliably deduce the number of synchronously transmitting TP's from the received
synchronization signal(s) only in various embodiments.

[0095] The N TP's also transmit N different measurement RS. In some embodiments,
one or more of the TP's each transmit multiple measurement RS's. In some embodiments,
some measurement RSs are each transmitted by multiple TP's. In some embodiments, some
TP's don’t transmit any measurement RS.

[0096] In various embodiments, other sets of TP's also transmit synchronization signal(s)
synchronously. In some embodiments, the transmission of some other sets of TP's are not
mutually synchronized (between the sets), but only within each set, i.e., some other sets of
TP's may be unsynchronized with the N TP's in the example.

[0097] In various embodiments, other sets of TP's also transmit synchronization signal(s)
synchronously. In some embodiments, the transmission of some other sets of TP's are not
mutually synchronized (between the sets), but only within each set, i.e. some other sets of
TP's may be unsynchronized with the N TP's in the example. As described in various
embodiments above, the device obtains a sync reference based on the synchronization

signal(s) transmitted from the N TP’s, or a subset of the N TP’s in some embodiments. In
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some embodiments, the device obtains multiple different sync references based on different
sets of unsynchronized TP’s.

[0098] Using a sync reference, e.g. the sync reference obtained from the N TP's in this
embodiment, the devices performs measurements on the measurement RS's and obtains
measurement results, as described in various embodiments above.

[0099] Based on a random access mapping, the device obtains a set of allowed random
access resources, as described in various embodiments above. In some embodiments, the set
of allowed random access resources can be based on the measurement RS with highest RSRP.
In some embodiments, the device transmits a random access signal on a random access
resource from the set.

[00100] In some embodiments, TP's perform random access signal detection on all
possible random access resources, i.e., the random access resources on which it can be
expected that a device transmits a random access signal. In some embodiments, a TP
performs random access signal detection on a subset of all possible random access resources.
In some embodiments, a TP performs random access signal detection on the random access
resources that correspond to measurement results such that the quality of the communication
link between the TP and the device is sufficient. For example, a TP could perform random
access signal detection on a set of allowed random access resources that a device selects if the
measurement result on the measurement RS(s) from the TP is highest. In the example above
and in various embodiments, this could correspond to that the link between TP n” (see Figure
8) and the device is the best among the N links but it could correspond to other links in other
embodiments.

[00101] In some embodiments, a TP performs random access signal detection on random
access resources that a device would be allowed to use if the measurement results indicate

that the TP is a promising candidate to be included in a Coordinated Multi-Point (CoMP) set
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for communication with the device. Examples of embodiments whereby a TP is a promising
candidate for CoMP include but are not limited to:

e The quality of the link between the TP and the device is close to the best link. For
example, the RSRP from the TP is within a certain range from the highest RSRP.

o The spatial properties of the link between the TP and the device is such that it fits well
with the other TPs in the CoMP set. In some embodiments, the rank or condition
number of the joint channel matrix between all or a subset of the TPs in the CoMP set
is high. In other embodiments, the spatial correlation is low between the channels of
the different TPs in the CoMP set and the device. A high rank or condition number
may be favorable for multiple input multiple output (MIMO) communication. Low
spatial correlation may be favorable for diversity, which may improve reliability.
Note that high rank and low spatial correlation is fundamentally related.

[00102] In some embodiments, a TP performs random access signal detection on random
access resources that a device would be allowed to select for certain services and/or
performance requirements, if the TP supports such services and/or performance requirements.
In some embodiments, a TP performs random access signal detection on random access
resources that a device would use to request certain system information, if the TP is capable
and/or assigned to provide such system information in the downlink.

[00103] As a TP detects a random access signal on a random access resource, it (and/or
other entities in the wireless network) can deduce that the random access resource belonged
to the set of allowed random access resources selected by the device, in various embodiments.
In various embodiments, depending on the random access mappings, a TP (and the wireless
network) can also make further deductions, for example about the measurement results,
service requirements or other aspects taken into account in the random access mapping. In

one embodiment, a TP (and the wireless network) can deduce that a measurement result for
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the measurement RS transmitted by the TP is the highest among the measurement results for
the measurement RSs using the same sync reference.

[00104] In other words, a TP (and the wireless network) obtains certain knowledge
immediately after a random access signal detection. In various state of the art and other
wireless systems, this knowledge may not be available immediately after a random access
signal detection, but is available much later, typically after first responding that the random
access signal was successfully received and subsequently receiving further information from
the device.

[00105] In various embodiments, other scheduled transmissions, i.e., other than random
access signals, are scheduled for transmission on a set of allowed random access resources. In
various embodiments, unscheduled other transmissions are transmitted on a set of allowed
random access resources. Such scheduled or unscheduled transmissions include data, control
and/or reference signal transmissions from devices, backhaul transmissions and fronthaul
transmissions. In various embodiments, such transmissions are received (which could
include received, processed, detected and/or decoded) by other TP(s) than the TP that
performs random access signal detection on the set of allowed random access resources.
Hence, the random access resources can be reused in network, improving the overall
efficiency. This is sometimes called space division multiple access. In various embodiments,
such transmissions are received (which could include received, processed, detected and/or
decoded) by the same TP(s) that performs random access signal detection on the set of
allowed random access resources. This could be achieved by using various forms of
multiplexing of the transmissions, in various embodiments, for instance code multiplexing,
spatial multiplexing using multiple receive antennas, etc. In this way, the random access

resources can be further reused in the network.
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[00106]

example,

Several benefits of the method in various embodiments are listed below. For

Detection Delay

By searching for random access signals on a smaller set of random access
resources, the TP power consumption is reduced. Furthermore, for embodiments
where there are multiple random access resources parallel in time, the time to
detection (delay) can be reduced if only a subset of the parallel resources need to
be searched.

Fast CoMP Setup

By immediately learning that a TPs has a good link to the device, TP sets for
CoMP operation can be set up immediately. The set up could involve setting up
backhaul links, resource coordination, security etc., in various embodiments. In
some state of the art systems according to other embodiments, a CoMP set can be
set up only after individual TPs have performed measurements on the detected
random access signal, followed by a collection of the results at a node to perform a
centralized CoMP set decision, or followed by a distributed CoMP set decision
involving inter-TP information exchange. Both these approaches involve further
time delays, which are avoided by using the method in this disclosure. This can
improve the communication latency experienced by latency sensitive services and
applications.

In various embodiments of fast CoMP setup, the random access mapping
between measurement results (and corresponding measurement RSs) and one or
more sets of allowed random access resources is such that each TP that
subsequently detects one or more random access signals can immediately learn if it

should be included in a CoMP set to serve the device that sent one or more random
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access signals. In some embodiments, this can be achieved by letting a TP search a
smaller set of random access resources, where a random access signal transmitted
on a random access resources from the smaller set means that the measurement
results at the device are such that the TP should be included in a CoMP set.

¢ Random Access Response Delay

A benefit that is related to fast CoMP setup is that a rapid random access
response, shortly after a detected random access signal, is possible. A random
access response is transmitted by the network, in response to a detected random
access signal, for instance to indicate a successful reception and with further
information in various embodiments. A low random access response delay is
related to low overall communication delay, in some embodiments.

In some embodiments, such as illustrated in Figure 8, different TPs transmit
different measurement RS(s). In some such embodiments, a device maps the
measurement RS(s) with highest measurement result to a set of allowed random
access resources and such sets corresponding to different measurement RS are
disjoint. In some embodiments, a TP could then search the set of allowed random
access resources corresponding to the measurement RS(s) it transmits. If a random
access signal is detected, the TP knows that the transmitting device has measured
its measurement RS(s) with the highest result, e.g. highest RSRP. In some
embodiments, it is suitable that the TP which transmitted the measurement RS(s)
with highest measurement result also transmits the random access response. One
reason could be that this can increase the likelihood that the random access
response is successfully received by the device. Another reason could be that the
random access response contains information, e.g. configuration information,

about the subsequent communication with the device, and it is likely or suitable
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that the TP will perform the subsequent communication. In some embodiments
where subsequent communication will involve CoMP, the TP with highest
measurement result has the role of a master within the CoMP set, where other TPs
in the set have slave roles.

In some embodiments with CoMP and master and slave TPs, a master TP
searches the set(s) of allowed random access resources corresponding to favorable
measurement results on measurement RS(s) transmitted by slave TP(s). In some
such embodiments, the master TP also transmits a random access response, even
though the measurement RS(s) from a slave TP had the highest measurement result.
In some embodiments, a master TP decides if itself should rapidly respond to a
detected random access signal, e.g., if it deduces that a low-latency service
triggered the random access or if it’s efficient from another perspective, or if
transmission from one or more slave TPs, in some embodiments with CoMP,
should be used for the random access response.

¢ Cell-less Handover of Idle Devices and Paging

In state-of-the-art and other cellular systems, idle devices keep track of
(synchronize to, measure and obtain system information, etc.) nearby cells, which
are often transmitted by different TPs. When the device needs to send uplink data,
it performs the random access procedure according to the background section, i.e.
directed towards a suitable cell (and the corresponding TP(s)), with the
corresponding sync reference and set of allowed random access resources. Note
that the set of allowed random access resources is favorably obtained from cell-
specific system information, i.e., an idle device autonomously performs handover
between different cells. One purpose with having an idle device direct the random

access towards a suitable cell directly is that it may be efficient, in terms of
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required random access signal transmit power. Often, different adjacent cells
coordinate their sets of allowed random access resources, in order to reduce the
interference on the random access resources. In some embodiments, the sets of
allowed random access resources are orthogonal (disjoint).

In some embodiments of this invention, idle devices keep track of multiple
measurement RSs based on a sync reference, that are often transmitted by different
TPs. When the device needs to send uplink data, it performs the random access
procedure according to various embodiments of this invention, e.g. based on the
measurement results and random access mapping to a set of allowed random access
resources. With appropriate random access mapping, e.g. based on highest RSRP,
a device directs the random access towards a suitable TP or sets of TP, according to
various embodiments above, without the use of traditional cells. Avoiding the use
of cells provides the benefit of reduced interference and increased energy
efficiency in various embodiments. Note that the various embodiments of this
invention also work in systems where traditional cells are used, or in systems
where traditional cells are used to a lesser extent, for example where a single cell
covers a larger area served by multiple TPs, but where different such larger areas
may be covered by different cells.

Various embodiments of the invention also apply to measurement-based
paging. Various embodiments extend the invention to include the concept of
measurement-based paging configuration. In paging in general, the network needs
to send downlink data to an idle device. This is done by sending a paging message
to the device on certain paging resources. This keeps down the amount of
resources an idle device needs to monitor. In the paging extension to this invention,

a paging mapping is introduced. It is similar and analogous to various
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embodiments of the random access mapping. Based on the measurement results
from multiple measurement RSs, a device obtains a set of paging resources, using
the paging mapping in this application. A device monitors all or a sub-set of the
paging resources for paging messages to the device. A measurement-based paging
configuration allows for more flexible paging configurations in a network.
[00107] Various embodiments corresponding to the embodiments presented above are here
applied to the embodiment of Figure 8. In various such embodiments, a set of N TP’s
transmit the same synchronization signal SSI k. Other sets of TP’s may transmit a different
SSI. In various embodiments, a set of TPs that transmit the same SSI area are closely located
geographically. Since the total number of different SSI's is limited, a network must typically
contain multiple such sets of TP’s that transmit the same SSI. In various embodiments,
different such sets of TP’s cover different geographical areas. In various embodiments, the
sets of TP’s that transmit different SSI’s are not disjoint, but a TP may transmit multiple
different SSI’s. In various such embodiments, where a TP transmits multiple different SSI’s,
the different SSI’s can correspond to different services or other parameters, for instance as
specified in the corresponding entry in the AIT. In various such embodiments, where
different SSI’s can correspond to different services or other parameters, for instance as
specified in the corresponding entry in the AIT, a TP may also transmit a single SSI.
[00108]  As such, a nearby device selects the I entry in the AIT, which contains a random
access configuration. The random access configuration contains one or more sets of allowed
random access resources, according to various embodiments described above. Furthermore,
the N TP’s transmit different measurement RS. In some embodiments, different nodes
transmit the same measurement RS. Based on a random access mapping, according to
various embodiments above, the device selects a set of allowed random access resources. If

an “unmapped” set of allowed random access resources is used, according to various

42



WO 2017/011802 PCT/US2016/042643

embodiments above, multiple or all N TP’s may try to detect random access signals on that
set.

[00109] It is often useful to be able to adapt the amount of random access resources. If
there are too few random access resources in relation to the amount of random access
attempts, the ratio of failed attempts might be too high. If there are too many random access
resources in relation to the amount of random access attempts, then resources may be wasted,
since other uplink transmissions might be avoided on the random access resources, resulting
in reduced system performance.

[00110] In various systems including state-of-the-art systems such as LTE, the amount of
random access resources can be adapted. The LTE UEs can learn which, and the amount of,
random access resources that are currently in use, i.e. the set of allowed random access
resources, by reading system information (SIB2), which can be received on the PDSCH.
[00111] The system and methods described in this disclosure allow adaptation of the
random access resources without requiring the devices to obtain the current configuration of
random access resources from system information. This is illustrated in Figures 9 and 10.
[00112] In Figure 9 (a), a single TP is considered in the example. In the example of Figure
9(a), the TP transmits only measurement RS 1. Hence, any nearby device performing
measurements on multiple measurement RS's (e.g. measurement RS 1-4) will find that the
result of measurement RS 1 is the highest, and the device will consequently select the set of
allowed random access resources A, as shown in Figure 10(a). On the other hand, in the
example of Figure 9(b), the TP transmits four different measurement RS's with equal power.
Hence, any device performing measurements on multiple measurement RS's will find that the
result of one of the measurement RS's 1, 2, 3 or 4 is the highest, depending on for instance the
instantaneous fading on the different resources used by the different measurement RS's, the

additive noise, etc. Therefore, a device in the example of Figure 9(b) will select set A, B, C
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or D. As aresult of this scheme, in the example of Figure 9(a), the TP may schedule other
transmissions on the resources of sets B, C and D, since random access attempts on those
resources are not expected. In the example of Figure 9 (b), on the other hand, random access
attempts on A, B, C and D can be expected. Consequently, each of the random access
resources is adapted accordingly by adjusting the transmission power of the measurement
RS's, with zero transmission power resulting in that no devices (within the TP coverage area)
will select the corresponding set of allowed random access resources. No update or reception
of system information is necessary.

[00113] In various embodiments, a TP or cell adapts the transmit power of the
measurement RS's. In some embodiments, the transmit power of some measurement RS's is
set to zero. By adapting the measurement RS transmit powers, a TP can to some extent
control the corresponding measurement results at the device side. For example, if the
transmit power is set to zero on a first measurement RS and full transmit power is used on a
second measurement RS, which is transmitted on a radio channel highly correlated with the
radio channel of the first measurement RS, it is highly probable that the measurement result
of the second measurement RS is higher than the measurement result of the first measurement
RS.

[00114] In various embodiments, a TP or cell schedules non-random-access transmission,
such as data transmissions, on random access resources that correspond (in the random access
mapping) to strong measurement results of measurement RSs that were transmitted with low
or zero power. In this manner, the amount of random access resources can be quickly
adapted, without the need to update system information, without the need to notify devices of
changed system information and without the need to wait for all devices to have received the
updated system information. This can result in a more flexible, dynamic and efficient use of

resources.
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[00115] In some embodiments, a device is not required to receive and decode any system
information before starting the random access procedure, since it can obtain the set of
allowed random access resources from measurements results. In some embodiments, a
device may start the random access procedure after receiving and decoding a smaller amount
of system information, compared to state-of-the-art and other systems in which a set of
allowed random access resources is also extracted from system information. A decreased
amount of required system information, in some embodiments none, is used to initiate a
random access procedure, e.g., to transmit a random access signal, and may result in lower
communication delay. The delay in this embodiment can for example be between the time
instant the device obtains synchronization and the time instant the device transmits a random
access signal but other delays are used in other embodiments.

[00116] In various embodiments, one or more TP may use multiple transmit antennas to
use beamforming. In transmit beamforming, the multiple antennas are used to focus the
transmitted energy along a beam. In receive beamforming, the multiple antennas are used to
focus the received energy along a beam. Benefits of the focusing of energy by transmit and
receive beamforming are for example increased coverage and reduced interference.

[00117] Henceforth, multiple beams from a multi-antenna TP is considered, but the
embodiments also apply to the case with multiple TPs with jointly have multiple antennas (i.e.
some of the TPs may have a single antenna), where the multiple TPs are synchronized in
various embodiments. The embodiments here are described in the context of multi-antenna
TPs. However, the embodiments can also apply to cases with multi-antenna devices, relays,
etc.

[00118] TP's with beamforming capabilities frequently have a set of possible beams that
can be used. In some embodiments, sometimes called fixed beams or grid of beams, there is

a smaller set of possible beams. In other cases, the set of possible beams is very large, for
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example, when the beamforming can be adapted by precoding and/or postcoding (also called
equalization, receive filtering, combining) in the digital baseband. In other embodiments, the
set of possible beams is a combination of a set of possible RF beams, i.e., beams generated in
analog hardware (e.g. through phase shifts), and a set of possible digital beams (e.g. by digital
precoding or postcoding). In systems with multiple possible beams, there may be an inherent
problem to determine which beam from the set is most suitable for a particular device, or
which beams that are suitable for a particular set of devices.

[00119] For the embodiment of receive beamforming with digital receive postcoding
(equalization/filtering/combining) in the baseband, henceforth called digital receive
beamforming, the beam selection is usually based on per-receive-antenna channel estimation.
This means that the channel estimation is based on a signal that has not been receive
beamformed. This is fine in many embodiments, but in other embodiments this results in
insufficient channel estimation quality, in particular if the received signal is weak. If, instead,
a suitable receiver beam would be known, the receiver could estimate the effective (lower-
dimensional) channel after the receiver beamforming. It can be noted that in the digital
receive beamforming embodiments, it is possible to try many different receive beamforming
filters on the same received signal.

[00120] In some embodiments of analog (RF) receive beamforming (which in some cases
is combined with digital receive beamforming), the beamforming cannot be selected or
adapted after reception, such as with digital receive beamforming. Instead, only a single
receive beamforming can be applied in each time instant, even though it may be changed with
time. Hence, in various embodiments of systems with analog receive beamforming, it is
useful to know a suitable receive beamforming for a particular device before the signal from

the device is received.
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[00121] For transmit beamforming including various combinations of analog (RF)
beamforming and digital precoding in the baseband embodiments, the beamforming may be
selected from (1) information fed back from the device or from (2) information extracted
from signals received from the device. These two method embodiments are briefly described
below.

[00122] RS and feedback: The TP transmits RS’s which the device uses to identify which
transmit beamforming (or equivalent information) that is suitable. The information, for
example in the form a precoding matrix indicator (PMI) as in LTE, is fed back to the
transmitter. This method is more common in FDD systems, which has lower correlation
between the uplink and downlink channels.

[00123] UL-based: Based on one or more signals transmitted by a device and received by
the TP, the TP can estimate which transmit beamforming is suitable. This method is more
common in TDD systems, which has higher correlation between the uplink and downlink
channels.

[00124]  Another embodiment includes application of aspects of the disclosure to an
embodiment that involves the legacy initial access procedure with a multi-antenna TP that
uses transmit and/or receive beamforming, which was described above. Additional
comments regarding the beamforming embodiment with respect to synchronization,
measurement RSs and system information, are presented in the following embodiment to
which aspects of the present disclosure are applied.

[00125] The TP transmits synchronization, measurement RS’s and system information.
Since synchronization and system information targets all devices (broadcast transmission),
the transmission of those signals cannot use only a particular beam, since that would prohibit
other devices for which the beam is not suitable, to receive the signals properly. Instead, in

various embodiments, transmission without beamforming, e.g. from a single antenna or with
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a transmit diversity scheme, as in for PBCH in LTE, with more isotropic energy distribution
can be used. In some embodiments, the signals can be transmitted on multiple, e.g. all, beams,
simultaneously or consecutively in time. In this manner, the likelihood is improved that all
devices within the coverage area can receive the signals with sufficient quality. Measurement
RSs (such as CSI-RS in LTE) also may target multiple devices. However, it is usually not
necessary that all measurement RSs are received with high quality at all those devices of
interest. Instead, different measurement RS may be transmitted on different beams.
Consequently, some measurement RSs are received with good quality (e.g. high RSRP) at a
particular device, while other measurement RSs are received with poor quality (e.g. low
RSRP).

[00126] Subsequently, the device obtains synchronization, performs measurements and
receives system information. Then the device transmits a random access signal according to
the configuration in the system information. For simplicity of description, beamforming in
the device is not discussed here, but it should be understood that the various embodiments of
this invention described herein, also apply to beamforming in the device. Also, beamforming
in the device may be used together with aspects of the disclosed invention, using
beamforming in the TP’s. Beamforming need not be used either in the TP’s or in the devices,
but may also be used in both.

[00127]  Accordingly, the TP receives and detects the random access signal. Due to the
randomness of random access, the TP does not know beforehand which devices that choose
to transmit random access signals on a certain random access resource and their
corresponding suitable receive beamforming. Therefore, a TP cannot deliberately apply the
suitable analog (RF) beamforming during the reception of a random access signal if not for
the present disclosure. With digital receive beamforming of the disclosure, on the other hand,

it is possible for a TP to apply multiple different receive beamformers to the received signal
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and perform detection on each of the receive beamformed signals, even though it increases
the receiver complexity.

[00128] The TP responds with a random access response. After random access signal
detection, a TP responds to the device. If the transmit beamforming is UL-based (see above),
the TP may use the received random access signal to find a suitable transmit beamformer in
various embodiments. However, due to the lack of high-quality, e.g. orthogonal, RS within a
random access signal, low received signal energy, or other factors, it may be difficult for a TP
to reliably compute a suitable transmit beamformer based on a single random access signal.
If the transmit beamforming is based on RS and feedback (see above), the TP has not yet
received such feedback. Typically, the TP does not even know the identity of the device
which transmitted the detected random access signal. Furthermore, even if the TP would
know the identity of the device, a random access attempt is typically preceded by a period of
device inactivity (the device being idle), which means that last received feedback might not
be valid (accurate) any more. In summary, it might often be difficult for a TP to apply a
suitable transmit beamforming to the random access response if not for the present disclosure.
[00129] The device receives the random access response. If the TP does not apply a
suitable transmit beamforming to the random access response as according to the present
disclosure, the device might not successfully receive and decode the random access response.
This could be a very severe drawback, since it would fundamentally limit the coverage of the
TP. Even if a TP in principle could communicate with a distant device with functioning
transmit and receive beamforming, it is not possible in practice since the initial access
procedure cannot be successfully completed. The present invention addresses and solves this
problem by indicating to the TP properties of the measurement results at the device of RS

transmitted on different beams through the selection of random access resource.
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[00130] Various embodiments above are applied to multi-beam TP(s). In some
embodiments, a TP has multiple antennas and multi-beam capabilities. In some embodiments,
multiple TP’s jointly have multiple antennas and multi-beam capabilities. Multi-beam
capabilities means that multiple transmit and/or receive beamformers can be selected and
applied. The embodiments below are described in the context of a multi-beam TP, but are
equally applicable to the case with multiple TP’s having multi-beam capabilities.

[00131] In various embodiments, different measurement RS’s may be transmitted on
different beams. In some embodiments, some different measurement RS’s are transmitted on
the same beam. In some embodiments, the measurement RS’s transmitted by a TP are
transmitted on a set of beams such that the set of beams largely covers the TP coverage area.
Stated alternatively, the geographical area within which devices can communicate with the
TP, for example, using beamforming, is also covered by the measurement RS’s that are
transmitted on a set of beams from the TP. In some embodiments, measurement RS’s that are
transmitted on the set of beams are transmitted simultaneously. In some embodiments, some
of those measurement RSs are transmitted in different time periods, i.e. they are time-
multiplexed. This could mean that the transmit beams are time-multiplexed, in the context of
measurement RS transmission, in various embodiments. In general, various properties and
embodiments of measurement RSs’ described earlier in the disclosure also may apply to
measurement RS’s in the context of multi-beam initial access.

[00132] Following the various embodiments of this invention, a device performs
measurements on measurement RS’s. Using a random access mapping, the device selects a
set of allowed random access resources. From this set, the device selects a random access
resource on which it transmits the random access signal. A TP detects the random access

signal on the random access resource.
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[00133] With a suitable random access mapping, a TP (and/or the network) can deduce
various properties of the device measurement results based on which random access resource
the device selected, as also described in various embodiments above. For example, if the
highest measured RSRP selects a set of allowed random access resources which is disjoint
from the other sets, then a TP can deduce which measurement RS that had the highest RSRP
based on in which random access resource a random access signal was detected. In the
context of multi-beam initial access, a TP can deduce properties of the measurement results
corresponding to the multiple beams used for the measurement RS’s. In some embodiments,
the TP can deduce which of the multiple beams that was measured with highest RSRP. As
shown in Figure 11, the TP detects a random access signal in random access resources B, and
can then deduce that device measured the second beam, which carried measurement RS 2,
with highest RSRP.

[00134] In various embodiments, synchronization signal(s) are transmitted on each of the
transmit beams that transmit different measurement RS, similarly as in Figure 8. This would
improve the chances that a sync reference is available prior to measurements. In various
embodiments, synchronization signal(s) are not transmitted on each of the transmit beams
that transmit different measurement RS. Instead, synchronization signal(s) are transmitted on
a subset of those beams, in some embodiments, or on other beams, in some embodiments, or
a combination, in some embodiments. In some embodiments, synchronization signal(s) are
transmitted on a transmit beam with wide main lobe, in some embodiments even isotropic or
nearly isotropic, while measurement RSs are transmitted on transmit beams with more
narrow main lobe. In some embodiments, synchronization signal(s) are transmitted from a
single antenna, while measurement RS(s) are transmitted from multiple antennas using

beamforming.
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[00135] Below, the terms suitable receive beamforming and suitable transmit
beamforming or transmit beam are used. Therefore, they are first clarified. A suitable
receive beamforming is for example optimal or near-optimal in terms of SINR, SNR, SIR, bit
error rate (BER), block error rate (BLER), or other measures, in various stages in a receiver
with, for instance, linear, non-linear, iterative etc., receiver structure. A transmit
beamforming may be deemed suitable for a device using the same measures as a suitable
receive beamforming. However, the suitability of a transmit beamforming may furthermore
take multiple devices into account, using the same measures. For example, a suitable
transmit beamforming could be optimal in terms of average SINR among several devices, or
in terms of minimum SINR among several devices. In some embodiments, there may be
several suitable receive or transmit beams (beamformings). In such embodiments, each beam
in which a measure (as above SINR etc.) is above a threshold, may be deemed suitable,
whereby the threshold may be absolute or in relation to the highest measure (of the most
suitable beam), in various embodiments.

[00136] In various embodiments, a TP can use the random access mapping properties to
improve the efficiency and/or performance of random access signal detection. The reason is
that the measurement results have certain properties for any device that uses a certain random
access resource, due to the random access mapping from measurement results to random
access resources. These measurement result properties correspond to how the transmit beams
are received in the device, and the corresponding measurement results. In some
embodiments, a random access resource is used only by devices which measured the highest
RSRP on a certain measurement RS which was transmitted on a certain transmit beam. In
various embodiments, properties of a receive beamforming (e.g. statistical properties, angular
properties such as direction of arrival or main lobe, etc.) or even the explicit receive

beamforming (e.g. receiver vectors, matrices, filter coefficients, phase shifts, amplitudes, etc.)
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that is suitable for a certain device can be deduced from which transmit beam(s) that are
suitable. The determination of which transmit beam(s) are suitable, may be directly related to
the measurement results for the different transmit beams. In some embodiments, the transmit
beam for which a device measured the highest RSRP is a suitable transmit beam. In some
embodiments, an angular direction, e.g. azimuth, of the mail lobe of the receive beamformer
is selected to coincide with the angular direction of a deduced suitable transmit beam, e.g.,
the transmit beam with highest RSRP. Other embodiments of the meaning of a suitable
transmit beamforming are discussed above. Therefore, in various embodiments, a TP can
deduce which receive beamforming that is suitable in a certain random access resource. In
the example where a certain random access resource is used only by devices which measured
the highest RSRP on a certain transmit beam, a TP can therefore deduce that a certain receive
beamforming is suitable for such a device. In other embodiments, a TP can deduce that a
certain set or range of receive beamforming is suitable, or that certain properties of the
receive beamforming are suitable. Note that such a deduction can be made even before a
device transmits a random access signal on the random access resource in various
embodiments. Further note that in various embodiments, in particular in FDD systems, a
suitable receive beamforming cannot be reliably deduced from which transmit beam(s) that
are suitable.

[00137] In various embodiments with digital receive beamforming, where a TP may use
multiple different digital receive beamforming to consecutively or in parallel perform random
access signal detection (on the same received signal), a TP may choose to use only a reduced
set of digital receive beamformers based on the deductions on suitable receive beamforming
described above. In some embodiments, a TP may choose to use only a single digital receive
beamforming. Benefits of choosing a reduced set of or even a single digital receive

beamformer include reduced complexity and therefore also reduced cost and energy
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consumption. In some embodiments, a further benefit is reduced detection time, for example
when detections with different digital receive beamformers are performed consecutively.
Note that the reduction above is in relation to a full set of digital receive beamformers that are
required to cover any device that should be able to access the TP, without any prior
knowledge about which receive beamforming that is suitable for a device that is about to
attempt initial access. Further note that various embodiments of the disclosure include
multiple different digital receive beamforming which are possible because it is a post-
processing operation on a digital signal that is stored in a memory.

[00138] In various embodiments with analog (RF) receive beamforming, a TP may not use
multiple different analog receive beamforming on the same received signal, since there is a
single set of receiver hardware and the analog receive beamforming is a real-time operation
on the actual analog signal. Instead, at a given time instant, only a single analog receive
beamforming configuration is possible in this embodiment. Such a configuration can be given
by relative phase shifts in the combination of different receive antennas or groups of receive
antennas, and corresponding amplification factors, in various embodiments. In various
embodiments, it is possible to reconfigure the analog receive beamforming dynamically, i.e.
“on the fly”. In various embodiments, the invention can help to improve the coverage in
which a TP can detect random access signals. Without using the invention, the random access
signal detection might become the coverage bottleneck. Following the reasoning for digital
receive beamforming, a TP can deduce a suitable receive beamformer for a certain random
access resource. Hence, by using an appropriate random access mapping that lets devices that
likely have similar suitable receive beamforming, in some embodiments, or similar suitable
analog receive beamforming, in some embodiments (such as with hybrid beamforming),
select sets of allowed random access resources overlap, completely or partially, in time.

Hence, a TP may in a certain time period choose the corresponding receive beamforming, in
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some embodiments, or the corresponding analog receive beamforming, in some embodiments,
that is likely suitable for a device that chooses a random access resource in the time period
and transmits a random access signal therein.

[00139] Following the reasoning about improved random access signal detection above,
aspects of the disclosure also provide for the communication efficiency of the random access
response to be improved. According to this embodiment, from the random access resource
on which a random access signal was detected, a TP can deduce certain properties of the
measurement results on the measurement RS, which were transmitted on different transmit
beams, in the device that transmitted the random access signal. According to one
embodiment, if a random access signal was detected on a certain random access resource, the
TP can deduce that the measured RSRP was highest on a certain transmit beam. Therefore, a
suitable transmit beamforming for the random access response can be found. For example,
the transmit beamforming that resulted in the highest RSRP can be used also for the random
access response. In other embodiments, a transmit beamforming that is similar to the beam
with highest RSRP is used (with similarity being for example high inner product magnitude,
similar main lobe angles, etc). In a system with hybrid beamforming, for example, the analog
transmit beamforming might have changed between the time of measurement at the device
and the time of random access response transmission. Therefore, without the application of
the present invention, it might not be possible to use exactly the same transmit beamforming,
if the set of possible digital beamformers is limited.

[00140] By using the method and system described in this invention, the communication
efficiency of the random access response can be greatly improved. In various embodiments,
the coverage of the random access response can be significantly improved, since a suitable
transmit beamforming can selected. A TP can select a suitable transmit beamforming for the

random access response in various embodiments, even if the random access signal itself (or
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other reference signals transmitted by the device) cannot be used to deduce a suitable transmit
beamforming, such as in various FDD systems. In such embodiments, a TP relies on RS
measurements and feedback from a device to learn which transmit beamforming is suitable.
In the case of initial access, however, devices have not yet had a chance to feed back any
such information if not for aspects provided by the presented disclosure. Instead, the
disclosed invention provides the advantage of a TP with the means to select a suitable
transmit beamforming for a device, without the need for explicit feedback. A TP may deduce
a suitable transmit beamforming by the random access resource that was used by the detected
random access signal, and the corresponding random access mapping.

[00141] In various embodiments, other scheduled transmissions, i.€., other than random
access signals, are scheduled for transmission on a set of allowed random access resources. In
various embodiments, unscheduled other transmissions are transmitted on a set of allowed
random access resources. Such scheduled or unscheduled transmissions include data, control
and/or reference signal transmissions from devices, backhaul transmissions and fronthaul
transmissions. In various embodiments, such transmissions are received (which could
include received, processed, detected and/or decoded) by the same TP(s) that performs
random access signal detection on the set of allowed random access resources. For instance,
a TP performs random access signal detection on random access resources A using “beam 1.”
If a “beam X is orthogonal or near-orthogonal to beam 1, then another transmission where
the received signal at the TP is aligned with beam X would result in no or small interference
to the random access signal detection using beam 1. In this way, the random access resources
can be reused by a TP and in the network, improving overall efficiency

[00142] Various embodiments presented above are here applied to the embodiment with
respect to the multi-antenna TP (e.g., Figure 11). In various such embodiments, a multi-

antenna TP transmits a synchronization signal SSI k, for instance using an omni-directional
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beam or using a large set of beams simultaneously, as discussed above, in various
embodiments. Hence, a nearby device selects the k'™ entry in the AIT, which contains a
random access configuration. The random access configuration contains one or more sets of
allowed random access resources, according to various embodiments described above.
Furthermore, the TP transmits multiple different measurement RS, using different beams, as
proposed in various embodiments above. Based on a random access mapping, according to
various embodiments above, the device selects a set of allowed random access resources.
[00143] If an “unmapped” set of allowed random access resources is used, according to
various embodiments above, a TP may try to detect random access signals on that set using
an omni-directional beam, or multiple different beams.

[00144] While one or more embodiments of the invention have been described above, it
should be understood that they have been presented by way of example only, and not by way
of limitation. Likewise, the various figures or diagrams may depict an example architectural
or other configuration for the disclosure, which is done to aid in understanding the features
and functionality that can be included in the disclosure. The disclosure is not restricted to the
illustrated example architectures or configurations, but can be implemented using a variety of
alternative architectures and configurations.

[00145]  Although functions described herein are described in the context of Open System
Interconnect (OSI) model layers, one of ordinary skill in the art will recognize that the
functions described herein can be performed by one or more processors contained in the UE,
the device, the TP(s), or in a base station in the case of corresponding base station functions.
Thus, one or more of the functions described in this document may be performed by an
appropriately configured processor. In accordance with various embodiments, the processor
may be implemented as a single integrated circuit (IC) or as multiple communicatively

coupled IC’s and/or discrete circuits. It is appreciated that the processor can be implemented
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in accordance with various known technologies. In one embodiment, the processor includes
one or more circuits or units configurable to perform one or more functions or processes
described herein by executing instructions stored in an associated memory, for example. In
other embodiments, the processor may be implemented as firmware (e.g., discrete logic
components) configured to perform one or more functions or processes described herein. For
example, in accordance with various embodiments, the processor may include one or more
controllers, microprocessors, microcontrollers, application specific integrated circuits
(ASICs), digital signal processors, programmable logic devices, field programmable gate
arrays, or any combination of these devices or structures, or other known devices and
structures, to perform the functions described herein.

[00146] Additionally, one or more of the functions described in this document may be
performed by means of computer program code that is stored in a “computer program
product”, “computer-readable medium™, and the like, which is used herein to generally refer
to media such as, memory storage devices, or storage unit. These, and other forms of
computer-readable media, may be involved in storing one or more instructions for use by
processor to cause the processor to perform specified operations. Such instructions, generally
referred to as “‘computer program code” (which may be grouped in the form of computer
programs or other groupings), which when executed, enable the computing system to perform
the desired operations.

[00147] It will be appreciated that, for clarity purposes, the above description has
described embodiments of the invention with reference to different functional layers or
modules. However, it will be apparent that any suitable distribution of functionality between
different functional units, processors or domains may be used without departing from the
invention. For example, functionality illustrated to be performed by separate units,

processors or controllers may be performed by the same unit, processor or controller. Hence,
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references to specific functional units are only to be seen as references to suitable means for
providing the described functionality, rather than indicative of a strict logical or physical
structure or organization.

[00148] Additionally, although the invention is described above in terms of various
exemplary embodiments and implementations, it should be understood that the various
features and functionality described in one or more of the individual embodiments are not
limited in their applicability to the particular embodiment with which they are described, but
instead can be applied, alone or in some combination, to one or more of the other
embodiments of the invention, whether or not such embodiments are described and whether
or not such features are presented as being a part of a described embodiment. Thus the
breadth and scope of the present invention should not be limited by any of the above-
described exemplary embodiments but instead be given the scope commensurate with the

plain and ordinary meaning of the claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for a device to communicate with one or more transmission points (TP’s),
comprising:

receiving one or more synchronization signals;

deriving a synchronization reference from the one or more synchronization signals;

receiving a plurality of reference signals;

based on the derived synchronization reference, performing a plurality of
measurements on the plurality of reference signals;

based on the plurality of measurements, selecting a plurality of random access
resources; and

selecting a random access resource from the plurality of random access resources for

transmitting a random access signal to at least one of the one or more TP’s

2. The method of claim 1, wherein the synchronization reference includes a reference
parameter in time, a reference parameter in frequency, a reference parameter in code, a
reference parameter in space, a reference parameter in power, or a combination thereof that

can be used as a reference while transmitting and/or receiving a signal

3. The method of claim 1, further comprising:

using the random access signal in order to cause the one or more TP’s to detect
whether the random access signal is on at least one of the plurality of random access
resources so as to determine whether to transmit a random access response signal; and

in response to the reception of the random access response signal, transmitting data to

the one or more TP’s.

4. The method of claim 1, further comprising:
receiving one or more other signals that include system information, the system

information including a configuration of the selected plurality of random access resources.

5. The method of claim 1, wherein the one or more TP’s are synchronized with one
another such that the one or more synchronization signals share the synchronization

reference.
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6. The method of claim 1, wherein the one or more TP’s constitute a Coordinated Multi-
Point (CoMP) set.
7. The method of claim 1, wherein the one or more TP’s correspond to a plurality of

antennas in a single multi-antenna TP.

8. The method of claim 7, wherein each of the plurality of reference signals is received

along a beam formed by the multi-antenna TP.

9. The method of claim 1, wherein the one or more synchronization signals include a
primary synchronization signal (PSS), a secondary synchronization signal (SSS), and/or a

cell-specific reference signal (CRS) of at least one of the one or more TP’s.

10. The method of claim 1, wherein the performing a plurality of measurements on the
plurality of reference signals includes measuring transmission powers of the plurality of

reference signals.

11. The method of claim 10, wherein the selecting a random access resource from a
plurality of random access resources includes choosing the random access resource
correspondent with one reference signal that has the highest transmission power among the

plurality of reference signals.

12. The method of claim 1, wherein the performing a plurality of measurements on the
plurality of reference signals includes measuring expected spectral efficiencies of the

plurality of reference signals.

13. The method of claim 12, wherein the selecting a random access resource from a
plurality of random access resources includes choosing the random access resource
correspondent with one reference signal that has the highest expected spectral efficiency

among the plurality of reference signals.
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14. The method of claim 1, wherein the plurality of random access resources include a set
of allowed random access resources that is defined by a set of resource blocks (RB’s) in time

and frequency domains and/or a set of allowed random access preambles.

15. A method for a device to communicate with a transmission point (TP), comprising:

receiving one or more synchronization signals from the TP;

deriving a synchronization reference from the one or more synchronization signals;

receiving a plurality of reference signals from the TP;

based on the derived synchronization reference, performing a plurality of
measurements on the plurality of reference signals;

based on the plurality of measurements, selecting a plurality of random access
resources; and

selecting a random access resource from the plurality of random access resources for

transmitting a random access signal to the TP.

16. The method of claim 15, wherein the synchronization reference includes a reference
parameter in time, a reference parameter in frequency, a reference parameter in code, a
reference parameter in space, a reference parameter in power, or a combination thereof that

can be used as a reference while transmitting and/or receiving a signal

17. The method of claim 15, further comprising:

using the selected random access resource to transmit a random access signal in order
to cause the TP to detect whether the random access signal is on at least one of the plurality
of random access resources so as to determine whether to transmit a random access response
signal; and

in response to the reception of the random access response signal, transmitting data to

the TP.

18. The method of claim 15, wherein the TP includes plural antennas and each antenna is

capable of transmit and receive beamforming.
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19. The method of claim 15, wherein the performing a plurality of measurements on the
plurality of reference signals includes measuring transmission powers of the plurality of

reference signals.

20. The method of claim 19, wherein the selecting a random access resource from a
plurality of random access resources includes choosing the random access resource
correspondent with one reference signal that has the highest transmission power among the

plurality of reference signals.

21. The method of claim 15, wherein the performing a plurality of measurements on the
plurality of reference signals includes measuring expected spectral efficiencies of the

plurality of reference signals.

22. The method of claim 21, wherein the selecting a random access resource from a
plurality of random access resources includes choosing the random access resource
correspondent with one reference signal that has the highest expected spectral efficiency

among the plurality of reference signals.

23. The method of claim 15, wherein the plurality of random access resources include a
set of allowed random access resources that is defined by a set of resource blocks (RB’s) in

time and frequency domains and/or a set of allowed random access preambles.

24, A method for a transmission point (TP) to adjust an amount of random access
resources, comprising:

transmitting a synchronization signal to one or more devices;

transmitting one or more reference signals to the one or more devices, wherein each
reference signal is associated with a set of random access resources of the TP;

receiving one or more random access signals from the one or more devices, wherein
each of the one or more random access signals is correspondent with at least one of the sets of
the random access resources; and

based on the one or more random access signals, adjusting a transmission power of at

least one of the reference signals.
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25. The method of claim 24, wherein the adjusting a transmission power of at least one of
the reference signals includes selectively ceasing transmitting at least one of the reference

signals.

26. A device that is configured to communicate with one or more transmission points
(TP’s), comprising:
at least one processor configured to:
receive one or more synchronization signals;
derive a synchronization reference from the one or more synchronization
signals;
receive a plurality of reference signals;
based on the derived synchronization reference, perform a plurality of
measurements on the plurality of reference signals;
based on the plurality of measurements, select a plurality of random access
resources; and
select a random access resource from a plurality of random access resources

for transmitting a random access signal to at least one of the one or more TP’s.

27.  The device of claim 26, wherein the synchronization reference includes a reference
parameter in time, a reference parameter in frequency, a reference parameter in code, a
reference parameter in space, a reference parameter in power, or a combination thereof that

can be used as a reference while transmitting and/or receiving a signal.

28. The device of claim 26, wherein the at least one processor is configured to:

use the selected random access resource to transmit a random access signal in order to
cause the one or more TP’s to detect whether the random access signal is on at least one of
the plurality of random access resources so as to determine whether to transmit a random
access response signal; and

in response to the reception of the random access response signal, transmit data to the

one or more TP’s.

29. The device of claim 26, wherein the at least one processor is configured to:
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receiving one or more other signals that include system information the system
information including configuration information about the selected plurality of random access

resources.
30.  The device of claim 26, wherein the one or more TP’s are synchronized with one
another such that the one or more synchronization signals share the synchronization

reference.

31. The device of claim 26, wherein the one or more TP’s constitute a Coordinated Multi-

Point (CoMP) set.

32, The device of claim 26, wherein the one or more TP’s correspond to a plurality of

antennas in a single multi-antenna TP.

33. The device of claim 26, wherein each of the plurality of reference signals is received

along a beam formed by a TP that includes multiple antennas.

65



| "Old

aInpaooid $S899€ Wopuey

PCT/US2016/042643

WO 2017/011802

19

Bls ssea0e
ejep sseooe | asuodsal sssoe | [eubl J [eubis ssa00e
Wwopuel Jwsuel] [ wopuel jwsuel] [ ,ﬂww:%_wowm_v A Wopuel Jwsuel|
~z2l ~02) 8Ll T N
............................................................ “
“
Ojul Wa)sAs Blyuoo ssaooe | | 80Inosal ss8008
apo2a( LWIOpUEI JoBAX] || Wopues €193j9g
|
T Sou 2l L Shl
(oufs uo paseq) (oufs uo paseq)
OJul WoISAS [« JusWaINSEaW |« ouAsepul{ |e OUAS Jo} yoleag
CINEREN WwJoLad
801 901 10l 201

X-001l



PCT/US2016/042643

WO 2017/011802

2/9

80n0sa.
$S9008

Wopuel
ay) uo

i
-«

¢ 'Old

leubis
$S9008
wopuel
B JISURI|

911

80.n0sal
$S9008
wopuey

80In0Sal
SS90 |
wopuel [ sgoinosal
BJO8[8S  [ssa0oe Wwopuel
pamojle Jo 188
~pll

< jnsal
Buidd JUSLUSINSESW [SJUBLWAINSESW
ulddew . aidynw
$§9008 . swuopad
uiopuey : 301A3(]

“nsal

JusWAINSEaW

2l 901



PCT/US2016/042643

WO 2017/011802

3/9

¢ Old

S$22Jn0Sal
§S38J0e Wopuel

Pamoe Jo }oS

vl .

»i

-~ S$92IN0Sal
§S800e Wopuel
PamOj[e JO }8S

90In0sa)
8dJnosal $S9908 80Jn0S8.
$S300 WOPUBI| |} 001 1py $S3908
8y} uo |eubis | WOpUEJ
$S820. WOpUe) B 1099
B Jlwsuel| S
1! :
82In0sal
S$S8008 WOpUel | omewmmL
ayj uo |eubis | 90Inosal LOpUE
SS800E WopuR)|  SS800E B J09[0S
B JWsuel] wopuey
91l

-yl

buiddew
$S8008
wopuey

Jinsal
Juswainses|y
sjuswainsesu
. odinw
. sw.iouad
80IA8(]
< Jnsal
JUSWAINSBI
2l

\-901




WO 2017/011802 PCT/US2016/042643

4/9
Burst duration
H
A ] [ A ]
=
> o
g et B % —p—r
< iz Z = Z
= > =] © S
g m m o m
e ®
=3
o0
<« > >
Burst period Time
FIG. 4
A A
Measurement RS 1
$_
A Measurement RS 2
S = Measurement RS 3
= g = =
o - |2 & =
o 7 | SN S = Measurement RS 4
O = (/5] (7] ©
[ Mo &) O
e c c -
(TH > > &
o o) >
o
$_
W ) \ 4
Burst duration Time

FIG. 5



PCT/US2016/042643

WO 2017/011802

5/9

av qa'v
$90In0S8l $80In0S8!
$S8008 $S8008
wopuey wopuey
l
1ing
an q°v
$90IN0S8l $99IN0S3!
$S8908 SS9908
wopuey wopuey
l
1ing

<

Aouanbaliy

Time

ao
$22JN0Sal
§Sa2d0e

wopuey

g'v
$80.n0sal
SS800e

wopuey

)sing

a
$90IN0S8)
$§9008

wopuey

g'v
$80.n0s8l
$S8008

wopuey

1sing

Kouanbaig

Time

FIG. 6



PCT/US2016/042643

WO 2017/011802

6/9

<

buiddew sseaoe Wopuey

L9l

~ $82Jnosal
§S800e Wwopuel
pamoje JO 18S

A

A

¥ Jnsal
Juslainsespy

¢ jnsal
JUSWAINSES|

A

Z J)nsal
Juswainsespy

A

r
|
|
— i
m 155 1998 |« SoUB D
|
|
| 0195 19335 |«
sauyb
m 1seyoly ¢ mﬂﬁmg
_ ) aJedwo)
i 35 109]9Q |
|
| 39S 109[99 |«
i VI8 POS sy
|
|
|
|

| Jnsal
Juswainsespy

¥ SY Juswainses|y
¢ QY JusaINses|y
Z SY JusWiainses|y

| SY Juswainses|y




WO 2017/011802 PCT/US2016/042643

719
TP 1 TP’ TP N
Synchronization ._ 1 | & Measurements .-
. signal(s) @ i g RS [\l//
S s | > el
. 31| g
Measurements?\\ =vvgy “ Synchronization
RS1 * signal(s)
Device
FIG. 8
TP TP

‘._____
‘._____
‘._____
‘._____
‘._____

Measurement RS 1
Measurement RS 1
Measurement RS 2
Measurement RS 3
Measurement RS 4

FIG. 9A FIG. 9B



PCT/US2016/042643

WO 2017/011802

8/9

\
$80.n0sal

§S800e

wopuey

1sing

\
$80Jn0sal

§Sa200e

wopuey

1sing

Kauanbai4

Time

ao gV
$82In0Sal $92In0sal
$S9008 $$900B
wopuey wopuey
l
1sing
av qv
$82In0Sal $92IN0Sal
$S900E $S900B
wopuey wopuey
l
1sing
<
Kauanbai4

Time

FIG. 10



9/9

TP

FIG. 11



INTERNATIONAL SEARCH REPORT

PCT/US2016/042643 22.09.2016

International application No.
PCT/US16/42643

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO4W 74/08, 48/18, 48/20, 72/04, 56/00 (2016.01)
CPC

- HO4W 74/08, 48/18, 48/20, 24/02, 72/044, 72/0453, 72/046, 72/0473, 56/001, 56/002; HO4L 5/0048
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8): HO4W 48/00, 48/18, 48/20, 24/08, 72/04, 74/00, 74/08, 56/00 (2016.01) CPC: HO4W 48/00, 48/16, 48/18, 48/20, 24/02, 24/08,
72/04, 72/0413, 72/044, 72/0453, 72/0486, 72/0473, 74/00, 74/08, 56/00, 556/001, 56/002; HO4L 5/0048

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

access point, timing, measure, spectral efficiency, power

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

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, Other Countries (INPADOC), RU, AT, CH, TH, BR, PH); EBSCO;
IEEE/IEEEXplore; Google/Google Scholar; Keywords: random, access, resources, signal, reference, synchronization, base station, note,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2014/0112243 A1 (RESEARCH IN MOTION LIMITED) 24 April 2014; paragraphs [0069], 1-2,4,7,9-10, 15-16, 19,
[0070), [0087]; claims 15, 17-20. 26-27, 29, 32

Y 3,56, 8, 11-14, 17-18,

20-25, 28, 30-31, 33

Y US 2010/0150085 A1 (ISHII, H. et al.) 17 June 2010; paragraphs [0242], [0249), [0414). 3,17,28

Y US 2012/0027108 A1 (HONG, Y. et al.) 02 February 2012; paragraphs [0050], {0062]. 5-6, 8, 18, 30-31, 33

Y US 2012/0320842 A1 (JEONG, K. et al.) 20 December 2012; paragraphs [0101], (0107]. 11,20

Y US 2013/0322277 A1 (INTERDIGITAL PATENT HOLDINGS, INC.) 05 December 2013; 12-13, 21-22
paragraphs [0070]), [UU71].

Y US 2015/0146631 A1 (ELECTRONICS AND TELECOMMUNICATIONS RESEARCH 14, 23
INSTITUTE) 28 May 2015; paragraph [0072].

Y EP 2285168 A2 (INTERDIGITAL TECHNOLOGY CORPORATION) 16 February 2011; 24-25
paragraphs {0017}, [0071].

D Further documents arc listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

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

ST cadiu applivativitur paten but publishied un ur afier ine intemaronal
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 uther
special reason (as specified)

“O” 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

e

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

“%*  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

05 September 2016 (05.09.2016)

Date of mailing of the international search report

22 SEP 2016

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: §71-272-4300
PCT OSP: 671-272-7774

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




	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - wo-search-report

