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Description
Title of Invention: METHODS AND APPARATUS FOR
SOUNDING CHANNEL OPERATION IN MILLIMETER WAVE

COMMUNICATION SYSTEMS
Technical Field

[1] This disclosure relates generally to wireless communications and, more specifically,
to methods and apparatus for sounding channel operation in millimeter wave commu-

nication systems.

Background Art

[2] In cellular and other wireless communication systems, sensing a channel’s quality for
transmissions between a mobile station and a base station is used to identify channels
with the highest channel quality. Improving the sensing of the channel quality for
wireless communication channels can lead to improved wireless communications

between mobile stations and base stations.
Disclosure of Invention

Solution to Problem

[3] In a first example, a method for use by a base station (BS) in a wireless network is
provided. The method includes configuring a first sounding channel to be an uplink
sounding slot. The uplink sounding slot has at least one orthogonal frequency-division
multiplexing (OFDM) symbol in an uplink sub-frame in order to carry one or more
uplink sounding reference symbols (UL-SRSs) corresponding to at least one transmit
beam of a first set of transmit beams in a first sounding channel set of sub-bands. The
first sounding channel set of sub-bands includes one or more sub-bands that cover a
first data bandwidth. The method also includes transmitting, to a mobile station (MS),
a first UL sounding configuration message that sets a sounding sub-band bitmap value
to a maximum specifiable value and indicates UL-SRS placement in the first sounding
channel set of sub-bands. The method further includes receiving, through the first
sounding channel set of sub-bands from the MS, the one or more UL-SRSs corre-
sponding to at least the one transmit beam of the first set of transmit beams for channel
estimation over the first data bandwidth.

(4] In a second example, a BS for use in a wireless network is provided. The BS includes
at least one processing device that is configured to configure a first sounding channel
to be an uplink sounding slot. The uplink sounding slot includes at least one OFDM
symbol in an uplink sub-frame in order to carry one or more UL-SRSs corresponding

to at least one transmit beam of a first set of transmit beams in a first sounding channel
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set of sub-bands. The first sounding channel set of sub-bands includes one or more
sub-bands that cover a first data bandwidth. The at least one processing device is also
configured to initiate transmission, to an MS, of a first UL sounding configuration
message configured to set a sounding sub-band bitmap value to a maximum specifiable
value and indicate UL-SRS placement in the first sounding channel set of sub-bands.
The at least one processing device is further configured to receive, through the first
sounding channel set of sub-bands from the MS, the one or more UL-SRSs corre-
sponding to at least the one transmit beam of the first set of transmit beams for channel
estimation over the first data bandwidth.

In a third example, a method for use by an MS in a wireless network is provided. The
method includes receiving, from a BS, a first uplink (UL) sounding configuration
message that sets a sounding sub-band bitmap value to a maximum specifiable value
and indicates UL-SRS placement in a first sounding channel set of sub-bands as-
sociated with a first sounding channel. The first sounding channel set of sub-bands
includes one or more sub-bands that cover a first data bandwidth. The first sounding
channel is configured to be an uplink sounding slot having at least one OFDM symbol
in an uplink sub-frame in order to carry one or more UL-SRSs corresponding to at
least one transmit beam of a first set of transmit beams in the first sounding channel set
of sub-bands. The method also includes transmitting, through the first sounding
channel set of sub-bands to the BS, the one or more UL-SRSs corresponding to at least
the one transmit beam of the first set of transmit beams for channel estimation over the
first data bandwidth.

In a fourth example, an MS for use in a wireless network is provided. The MS
includes at least one processing device configured to receive, from a BS, a first UL
sounding configuration message configured to set a sounding sub-band bitmap value to
a maximum specifiable value and indicate UL-SRS placement in a first sounding
channel set of sub-bands associated with a first sounding channel. The first sounding
channel set of sub-bands includes one or more sub-bands that cover a first data
bandwidth. The first sounding channel is configured to be an uplink sounding slot
having at least one OFDM symbol in an uplink sub-frame in order to carry one or more
UL-SRSs corresponding to at least one transmit beam of a first set of transmit beams in
the first sounding channel set of sub-bands. The at least one processing device is also
configured to initiate transmission, through the first sounding channel set of sub-bands
to the BS, of the one or more UL-SRSs corresponding to at least the one transmit beam
of the first set of transmit beams for channel estimation over the first data bandwidth.

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent

document. The term “couple” and its derivatives refer to any direct or indirect commu-
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nication between two or more elements, whether or not those elements are in physical

Y <

contact with one another. The terms “transmit,” “receive,” and “communicate,” as well
as derivatives thereof, encompass both direct and indirect communication. The terms
“include” and “comprise,” as well as derivatives thereof, mean inclusion without
limitation. The term “or” is inclusive, meaning and/or. The phrase “associated with,”
as well as derivatives thereof, means to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, have a relationship to or with, or the like. The term “controller”
means any device, system or part thereof that controls at least one operation. Such a
controller may be implemented in hardware or a combination of hardware and software
and/or firmware. The functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The phrase “at least one of,”
when used with a list of items, means that different combinations of one or more of the
listed items may be used, and only one item in the list may be needed. For example, “at
least one of: A, B, and C” includes any of the following combinations: A, B, C, A and
B,Aand C,B and C, and A and B and C.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms “application”
and “program” refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase “computer readable program code” includes any type of computer code,
including source code, object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A “non-transitory” computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a
rewritable optical disc or an erasable memory device.

Definitions for other certain words and phrases are provided throughout this patent
document. Those of ordinary skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future uses of such defined words

and phrases.
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Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless network according to this disclosure;

FIGURE 2 illustrates an example base station (BS) according to this disclosure;

FIGURE 3 illustrates an example mobile station (MS) according to this disclosure;

FIGURE 4 illustrates an example flow diagram of a method for uplink channel
sounding used to sense channel quality according to this disclosure;

FIGURE 5 illustrates an example diagram of a millimeter wave transmitter according
to this disclosure;

FIGURE 6 illustrates an example diagram where mobile stations transmit sounding
reference symbols on pre-selected beams according to this disclosure;

FIGURE 7 illustrates an example diagram of a sub-frame with different config-
urations for multiplexing uplink sounding reference signals according to this
disclosure;

FIGURE 8 illustrates an example diagram of uplink sounding reference symbol
(UL-SRS) transmission for multiple transmit beams when the SRS sounding is mul-
tiplexed along with data in an orthogonal frequency-division multiplexing (OFDM)
symbol of a data slot according to this disclosure;

FIGURE 9 illustrates an example diagram of different analog weight vectors with
uplink SRS carried over different sub-channels according to this disclosure;

FIGURE 10 illustrates an example diagram of multiple sounding opportunities for
sounding over different bandwidths according to this disclosure;

FIGURE 11 illustrates an example diagram of a first sounding channel configuration
where pilots are placed using a decimation separation according to this disclosure;

FIGURE 12 is an example flow logic diagram for interpreting an uplink (UL)
sounding channel configuration message based on a value in a sounding channel index
field according to this disclosure;

FIGURE 13 illustrates an example diagram of a first sounding channel for beam
scanning and a second sounding channel for channel measurement refinement
according to this disclosure;

FIGURE 14 illustrates an example diagram of beam scanning over multiple transmit-
receive beam pairs in a first OFDM symbol according to this disclosure;

FIGURE 15 illustrates an example diagram of specific beam pair scanning in a
second sounding slot according to this disclosure;

FIGURE 16 illustrates an example diagram of a second sounding channel allocation,
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transmission, and expiration between two UL-SRS transmissions according to a first

sounding channel periodicity according to this disclosure;
FIGURE 17 illustrates an example operation of UL sounding when a Random Access

channel (RACH) for initial network entry (or network re-entry) is considered instead of
a primary sounding channel according to this disclosure;

FIGURE 18 illustrates an example operation of UL sounding when periodic RACH
is considered instead of a primary sounding channel according to this disclosure;

FIGURE 19 illustrates an example of selection logic for choosing transmit (TX)
beams to be used in UL-SRS transmission according to this disclosure;

FIGURE 20 is an example flowchart illustrating the use of beam selection logic for
UL-SRS transmission according to this disclosure; and

FIGURE 21 is an example illustration of beams using UL-SRS and RACH with

different beam widths according to this disclosure.

Best Mode for Carrying out the Invention

FIGURES 1 through 21, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged electronic communication
device.

FIGURE 1 illustrates an example wireless network 100 according to this disclosure.
The embodiment of the wireless network 100 shown in FIGURE 1 is for illustration
only. Other embodiments of the wireless network 100 could be used without departing
from the scope of this disclosure.

As shown in FIGURE 1, the wireless network 100 includes an base station (BS) 101,
an BS 102, and an BS 103. The BS 101 communicates with the BS 102 and the BS
103. The BS 101 also communicates with at least one Internet Protocol (IP) network
130, such as the Internet, a proprietary IP network, or other data network.

Depending on the network type, other well-known terms may be used instead of
“base station” or “BS,” such as “eNodeB” or “eNB” or “access point.” These terms
may be used interchangeably and are used in this patent document to refer to network
infrastructure components that provide wireless access to mobile station (MS). Also,
depending on the network type, other well-known terms may be used instead of
“mobile station” or “MS,” such as “user equipment,” “UE,” “subscriber station,”
“remote terminal,” “wireless terminal,” or “user device.” These terms may be used in-
terchangeably and are used in this patent document to refer to remote wireless

equipment that wirelessly accesses an BS, whether the MS is a mobile device (such as



WO 2015/002465 PCT/KR2014/005916

[36]

[37]

[38]

[39]

[40]

[41]

a mobile telephone or smartphone) or is normally considered a stationary device (such
as a desktop computer or vending machine).

The BS 102 provides wireless broadband access to the network 130 for a first
plurality of MSs within a coverage area 120 of the BS 102. The first plurality of MSs
includes an MS 111, which may be located in a small business (SB); an MS 112, which
may be located in an enterprise (E); an MS 113, which may be located in a WiFi
hotspot (HS); an MS 114, which may be located in a first residence (R); an MS 115,
which may be located in a second residence (R); and an MS 116, which may be a
mobile device (M) like a cell phone, a wireless laptop, a wireless PDA, or the like. The
BS 103 provides wireless broadband access to the network 130 for a second plurality
of MSs within a coverage area 125 of the BS 103. The second plurality of MSs
includes the MS 115 and the MS 116. In some embodiments, one or more of the BSs
101-103 may communicate with each other and with the MSs 111-116 using 5G, LTE,
LTE-A, WiMAX, or other advanced wireless communication techniques.

Dotted lines show the approximate extents of the coverage areas 120 and 125, which
are shown as approximately circular for the purposes of illustration and explanation
only. It should be clearly understood that the coverage areas associated with BSs, such
as the coverage areas 120 and 125, may have other shapes, including irregular shapes,
depending upon the configuration of the BSs and variations in the radio environment
associated with natural and man-made obstructions.

As described in more detail below, various devices in the network 100 (such as BSs
and MSs) support techniques for channel estimation.

Although FIGURE 1 illustrates one example of a wireless network 100, various
changes may be made to FIGURE 1. For example, the wireless network 100 could
include any number of BSs and any number of MSs in any suitable arrangement. Also,
the BS 101 could communicate directly with any number of MSs and provide those
MSs with wireless broadband access to the network 130. Similarly, each BS 102-103
could communicate directly with the network 130 and provide MSs with direct
wireless broadband access to the network 130. Further, the BS 101, 102, and/or 103
could provide access to other or additional external networks, such as external
telephone networks or other types of data networks.

FIGURE 2 illustrates an example BS 102 according to this disclosure. The em-
bodiment of the BS 102 illustrated in FIGURE 2 is for illustration only, and the BSs
101 and 103 of FIGURE 1 could have the same or similar configuration. However,
BSs come in a wide variety of configurations, and FIGURE 2 does not limit the scope
of this disclosure to any particular implementation of a BS.

As shown in FIGURE 2, the BS 102 includes multiple antennas 205a-205n, multiple
RF transceivers 210a-210n, transmit (TX) processing circuitry 215, and receive (RX)
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processing circuitry 220. The BS 102 also includes a controller/processor 225, a
memory 230, and a backhaul or network interface 235.

The RF transceivers 210a-210n receive, from the antennas 205a-205n, incoming RF
signals, such as signals transmitted by MSs in the network 100. The RF transceivers
210a-210n down-convert the incoming RF signals to generate IF or baseband signals.
The IF or baseband signals are sent to the RX processing circuitry 220, which
generates processed baseband signals by filtering, decoding, and/or digitizing the
baseband or IF signals. The RX processing circuitry 220 transmits the processed
baseband signals to the controller/processor 225 for further processing.

The TX processing circuitry 215 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 225.
The TX processing circuitry 215 encodes, multiplexes, and/or digitizes the outgoing
baseband data to generate processed baseband or IF signals. The RF transceivers
210a-210n receive the outgoing processed baseband or IF signals from the TX
processing circuitry 215 and up-converts the baseband or IF signals to RF signals that
are transmitted via the antennas 205a-205n.

The controller/processor 225 can include one or more processors or other processing
devices that control the overall operation of the BS 102. For example, the controller/
processor 225 could control the reception of forward channel signals and the
transmission of reverse channel signals by the RF transceivers 210a-210n, the RX
processing circuitry 220, and the TX processing circuitry 215 in accordance with well-
known principles. The controller/ processor 225 could support additional functions as
well, such as more advanced wireless communication functions. For instance, the
controller/processor 225 could support beam forming or directional routing operations
in which outgoing signals from multiple antennas 205a-205n are weighted differently
to effectively steer the outgoing signals in a desired direction. Any of a wide variety of
other functions could be supported in the BS 102 by the controller/processor 225. In
some embodiments, the controller/processor 225 includes at least one microprocessor
or microcontroller.

The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230, such as a basic OS. The controller/processor
225 can move data into or out of the memory 230 as required by an executing process.

The controller/processor 225 is also coupled to the backhaul or network interface
235. The backhaul or network interface 235 allows the BS 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
235 could support communications over any suitable wired or wireless connection(s).
For example, when the BS 102 is implemented as part of a cellular communication
system (such as one supporting 5G, LTE, or LTE-A), the interface 235 could allow the
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BS 102 to communicate with other BS over a wired or wireless backhaul connection.
When the BS 102 is implemented as an access point, the interface 235 could allow the
BS 102 to communicate over a wired or wireless local area network or over a wired or
wireless connection to a larger network (such as the Internet). The interface 235
includes any suitable structure supporting communications over a wired or wireless
connection, such as an Ethernet or RF transceiver.

The memory 230 is coupled to the controller/processor 225. Part of the memory 230
could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM.

Although FIGURE 2 illustrates one example of BS 102, various changes may be
made to FIGURE 2. For example, the BS 102 could include any number of each
component shown in FIGURE 2. As a particular example, an access point could
include a number of interfaces 235, and the controller/processor 225 could support
routing functions to route data between different network addresses. As another
particular example, while shown as including a single instance of TX processing
circuitry 215 and a single instance of RX processing circuitry 220, the BS 102 could
include multiple instances of each (such as one per RF transceiver). Also, various
components in FIGURE 2 could be combined, further subdivided, or omitted and ad-
ditional components could be added according to particular needs.

FIGURE 3 illustrates an example MS 116 according to this disclosure. The em-
bodiment of the MS 116 illustrated in FIGURE 3 is for illustration only, and the MSs
111-115 of FIGURE 1 could have the same or similar configuration. However, MSs
come in a wide variety of configurations, and FIGURE 3 does not limit the scope of
this disclosure to any particular implementation of a MS.

As shown in FIGURE 3, the MS 116 includes an antenna 305, a radio frequency
(RF) transceiver 310, transmit (TX) processing circuitry 315, a microphone 320, and
receive (RX) processing circuitry 325. The MS 116 also includes a speaker 330, a main
processor 340, an input/output (I/O) interface (IF) 345, a keypad 350, a display 355,
and a memory 360. The memory 360 includes a basic operating system (OS) program
361 and one or more applications 362.

The RF transceiver 310 receives, from the antenna 305, an incoming RF signal
transmitted by an BS of the network 100. The RF transceiver 310 down-converts the
incoming RF signal to generate an intermediate frequency (IF) or baseband signal. The
IF or baseband signal is sent to the RX processing circuitry 325, which generates a
processed baseband signal by filtering, decoding, and/or digitizing the baseband or IF
signal. The RX processing circuitry 325 transmits the processed baseband signal to the
speaker 330 (such as for voice data) or to the main processor 340 for further processing

(such as for web browsing data).
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The TX processing circuitry 315 receives analog or digital voice data from the mi-
crophone 320 or other outgoing baseband data (such as web data, e-mail, or interactive
video game data) from the main processor 340. The TX processing circuitry 315
encodes, multiplexes, and/or digitizes the outgoing baseband data to generate a
processed baseband or IF signal. The RF transceiver 310 receives the outgoing
processed baseband or IF signal from the TX processing circuitry 315 and up-converts
the baseband or IF signal to an RF signal that is transmitted via the antenna 305.

The main processor 340 can include one or more processors or other processing
devices and execute the basic OS program 361 stored in the memory 360 in order to
control the overall operation of the MS 116. For example, the main processor 340
could control the reception of forward channel signals and the transmission of reverse
channel signals by the RF transceiver 310, the RX processing circuitry 325, and the TX
processing circuitry 315 in accordance with well-known principles. In some em-
bodiments, the main processor 340 includes at least one microprocessor or micro-
controller.

The main processor 340 is also capable of executing other processes and programs
resident in the memory 360, such as operations for receiving a sounding configuration
message from a BS and transmitting one or more UL-SRSs to a BS. The main
processor 340 can move data into or out of the memory 360 as required by an
executing process. In some embodiments, the main processor 340 is configured to
execute the applications 362 based on the OS program 361 or in response to signals
received from BSs or an operator. The main processor 340 is also coupled to the I/O
interface 345, which provides the MS 116 with the ability to connect to other devices
such as laptop computers and handheld computers. The I/O interface 345 is the com-
munication path between these accessories and the main controller 340.

The main processor 340 is also coupled to the keypad 350 and the display unit 355.
The operator of the MS 116 can use the keypad 350 to enter data into the MS 116. The
display 355 may be a liquid crystal display or other display capable of rendering text
and/or at least limited graphics, such as from web sites. The keypad 350 could also be
incorporated into the display 355, such as when the display 355 represents a
touchscreen.

The memory 360 is coupled to the main processor 340. Part of the memory 360 could
include a random access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

Although FIGURE 3 illustrates one example of MS 116, various changes may be
made to FIGURE 3. For example, various components in FIGURE 3 could be
combined, further subdivided, or omitted and additional components could be added

according to particular needs. As a particular example, the main processor 340 could
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be divided into multiple processors, such as one or more central processing units
(CPUs) and one or more graphics processing units (GPUs). Also, while FIGURE 3 il-
lustrates the MS 116 configured as a mobile telephone or smartphone, MSs could be
configured to operate as other types of mobile or stationary devices.

In cellular and other wireless systems, uplink channel sounding can be used for
sensing channel quality for transmissions from a MS to a BS. Reference symbols (RSs)
known to both the BS and MS can be placed in a configured time-frequency resource
and transmitted at known intervals from the mobile station for systematic channel
sounding. The BS can configure a physical sounding channel, which in the case of an
Orthogonal Frequency Division Multiple Access (OFDMA) based cellular system can
involve a set of sub-carriers in an OFDM symbol for an MS. In addition to the physical
resource, the BS can indicate the periodicity, the multiplexing type, and other pa-
rameters for the MS to transmit the sounding channel. The MS can place the sounding
reference symbols (SRSs) at the configured resource locations and transmit them. The
BS can receive the SRSs and process them to quantify the channel quality on the
uplink. This assessment of the uplink channel quality can be used for scheduling uplink
data transmissions. While this mechanism is specifically described for a cellular
system, the same process can be followed for other types of communication systems.

FIGURE 4 illustrates an example flow diagram of a method 400 for uplink channel
sounding used to sense channel quality according to this disclosure. At step 405, a BS
configures a UL sounding channel to an MS using a downlink channel control
message. At step 410, the MS identifies the sounding channel resources from the UL
sounding channel configuration message. At step 415, the MS transmits sounding
references symbols in the uplink sounding resource. At step 420, the BS receives the
sounding reference symbols from the MS and uses the sounding reference symbols to
estimate the uplink channel quality.

Channel sounding can be one of the primary mechanisms for determining an uplink
channel quality indication (CQI) in both frequency and time division duplex-based
cellular systems. In time division duplex systems with calibrated antennas, the uplink
channel quality can be translated to a downlink channel estimate. This downlink
channel estimate can be used to schedule closed loop downlink multiple input, multiple
output (MIMO) transmissions. Sounding RS transmissions can be used for time
frequency synchronization, as well.

Multiple mobile stations” SRSs can be separated in time, frequency or code. MSs
scheduled on the same OFDM symbol can multiplex their SRSs on different sub-
carriers. This can be known as decimation separation. MSs can also transmit their
SRSs on the same subcarriers but using SRSs made up of different codes/sequence that

have low cross-correlation properties. Such code-based multiplexing of SRSs can be
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called sequence separation. In a cellular network, both decimation separation and
sequence separation can be employed to support MSs in a variety of environments.
When applied, decimation separation and sequence separation may not be applied over
the same time-frequency resource but can be applied over orthogonal resources.

Cellular systems can be expected to evolve from 4G (LTE, 802.16m) to 5G, which
promises even larger data rates (up to 100 times greater). A 5G system can use
millimeter wave bands in place of current PCS microwave bands used in 4G systems.
The millimeter wave frequencies can be an order of magnitude greater than PCS bands.
Propagation in millimeter wave bands can be different due to propagation losses over
wireless, which is much larger than what is observed in the microwave bands. With the
larger wavelengths, the sizes of antennas used to transmit millimeter waves can be
much smaller compared to those used for microwave bands. However, the smaller
antennas can be packed in an area comparable to the antenna area for a microwave
band. When this antenna array is “operated” synchronously, the antenna array can form
a beam whose gain can make up for the higher propagation losses. Operating the
antenna array synchronously can require transmitting the same signal over antennas
with different phase shifts. The phase shifts can include path length differences for a
transmitted wave from a given antenna measured with respect to a reference antenna in
the array. Phase shifts for an antenna array can be called analog weight vectors.

For millimeter wave cellular systems, antennas of a transmitter (such as of an MS or
a BS) can be arranged as an array and can be connected through different phase
shifters to an analog processing chain that has power amplifiers and other components
in this pathway. The analog processing chain can be preceded by a digital baseband
chain, which can contain an OFDMA processing pathway. The analog and digital
baseband chains can be connected through a digital-to-analog converter at the
transmitter. The receiver can also have an antenna array connected to an analog chain
containing low noise amplifiers through phase shifters. The analog chain can be
connected to the digital processing chain through an analog-to-digital converter. There
can be one or more digital baseband transmit and receive chains at the transmitter and
receiver. Each of these digital baseband chains can be connected to the same antenna
array using components that combine signals from multiple baseband chains. In some
embodiments, each baseband chain can be connected to different antenna arrays.

FIGURE 5 illustrates an example diagram of a millimeter wave transmitter according
to this disclosure. As illustrated in FIGURE 35, the millimeter wave transmitter 500 can
include four digital baseband chains 505, 510, 515, and 520 connected to its own
antenna array 525, 530, 535, and 540. In 4G systems, the numbers of reference
symbols used for transmission can be directly proportional to the number of transmit

antennas. Despite having a large number of antennas compared to 4G systems, the
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number of reference symbols in a millimeter wave system may not be proportional to
the number of antennas in the array. Instead, the number of reference symbols can
depend on the number of different spatial beams that beamforming can support.
Beamforming can support N spatial beams to be formed at each of the antenna arrays
545, 550, 555, and 560, where N is typically smaller than the number of antennas in the
array. However, because beamforming can support a lesser number of spatial beams
than antennas in an array, additional processing constraints can be placed on the
system. The number of digital baseband chains Np¢ can determine the number of
parallel processes that the transmitter or receiver is capable of. In practical systems, N
pc<N, where Npc is the number of digital baseband chains and N is the number of
spatial beams. Thus, a large number of spatial beams can be supported by multiplexing
the spatial beams in time rather than at the same time.

In some embodiments, a system can include a sounding mechanism that involves the
configuration, transmission, and reception of UL-SRSs in cases where the BS has

55 number of digital baseband chains, where each digital chain supports NBS
N o b

spatial beams and the MS has ;%5 digital chains that support NMS spatial beams.
Do
b

FIGURE 6 illustrates an example diagram where mobile stations 600A and 600B
transmit sounding reference symbols on pre-selected beams 605, 610, 615, and 620
according to this disclosure. Here, the configuration and transmission are focused on

transmitting UL-SRSs on a subset NMS,s of the total NMS transmit beams at the MS
I &

and the reception is focused on receiving all or a subset of NBS receive beams.
&

Different configurations for the UL sounding slot can enable the transmission and
reception of UL-SRSs with different beam pairs. FIGURE 7 illustrates an example
diagram of a sub-frame with different configurations for multiplexing uplink sounding
reference signals according to this disclosure. The BS can configure a UL sounding
slot configuration 710 and the last OFDM symbol of a UL data slot configuration 705
on different UL slots of a given sub-frame. However, the BS may not use all config-
urations in different uplink slots of a given sub-frame. The BS can indicate this UL
sounding configuration using a broadcast message to all MSs.

The BS can schedule an MS to transmit UL-SRSs using any one of the specified con-
figurations for the sounding channel. The BS can specify the configuration,
transmission type, periodicity, and other information in the UL sounding configuration
message to enable UL-SRS transmission at the MS. When configuring the UL-SRSs
for an MS, the BS can indicate the number of transmit beams Ng»fs,s that the MS
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should use to send the reference symbols, the number of times the UL-SRSs corre-
sponding to a specific transmit beam may need to be repeated in addition to indicating
the bandwidth of the SRS, the periodicity with which the sounding process is to be
repeated, and the timing offset in units of sub-frames from when the SRS is to be
transmitted. Table 1 illustrates an example UL-SRS configuration message that carries

the indicators on a downlink control channel.

Table 1
[Table 1]
Syntax Size Notes
(bits)
UL_Sounding_Configuration Command(){ - -
Command type 4 Indicates that this command configures UL
sounding

Sounding slot configuration* 1 If the UL-SRS slot is defined

If (Sounding slot configuration == 0){

Sounding sub-frame indicator 2 Indicates the sounding sub-frame. Sub-frames

carrying the sounding subframe are
renumbered from zero

Sounding sub-band bitmap Variable FF1 size dependent
Max. DIIF
If (multiplexingType == 0){
Decimation offset d 5 Unique decimation offset
telse |
Cyclic time shift m 5 Unique cyclic shift
}
Periodicity (p) 3 0b000 = single command, not periodic or

terminate periodicity, if no other parameter
has changed. Otherwise repeat sounding once
per 2P71 frames, where p is the decimal value
of the periodicity field

Number of transmit beams for UL-SRS 2 0b00 — not allowed. Decimal value of the field
transmission (N} %°)* is used.
Number of repetitions of the UL-SRS per Variable The decimal value of the field indicates the
transmission beam (N3 * Max, DEF | number of times the UL-SRS corresponding
to an transmit becam is to be repeated
Power boosting 1 0b0: no power boosting
0b1: 3dB power boosling
Padding Variable
}
Table 1

With reference to Table 1, syntax fields with an * can indicate items specified to ac-
commodate analog beamforming and scanning for different transmit-receive beam
pairs.

If the BS configures an MS to use UL data slot configuration 705 or 715 as il-
lustrated in FIGURE 7 or if the BS sets the “Sounding Slot Configuration” field to O in
the UL Sounding Configuration message, the MS can transmit the UL-SRS in multiple
successive instances (slots/sub-frames) such that UL-SRS can be multiplexed to enable
a scanning of multiple transmit and receive beam pairs. For example, with a UL-SRS

multiplexing configuration where UL data slot configuration 705 is allowed on UL slot
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22 in every sub-frame and an uplink sounding slot on slot 38 set to repeat every
subframe. FIGURE 8§ illustrates an example diagram of UL-SRS transmission for
multiple transmit beams when the SRS sounding is multiplexed along with data in an
OFDM symbol of a data slot according to this disclosure. If an MS with a UL sounding
configuration message contains Sounding Slot Configuration = 0, Periodicity(p) = 100,

Number of transmit beams for UL-SRS transmission ( NMS,S): 2, and Number of

repetitions of the UL-SRS per transmission beam ( NSRS)Z 1, the MS can configure
ragr

to transmit UL-SRS for a given transmit beam once in the first UL-SRS transmit op-
portunity in a sub-frame 801 and then the UL-SRS for a second transmit beam in the
next UL-SRS transmit opportunity in the succeeding sub-frame 802. Once the MS has
transmitted all the UL-SRSs in succeeding SRS multiplexing instances, the MS can use
the periodicity parameter to identify the sub-frame for the next round of UL-SRS
transmission. The periodicity parameter can be larger than the number of SRS
transmission opportunities used to transmit per configuration.

In some embodiments, configuration, transmission, and reception of the UL-SRSs
from the MS to the BS for a communication system can focus on at least three aspects:
1) configuration of the physical sounding channel resources that accommodate
beamformed transmissions, 2) a BS operation including mechanisms for informing the
MS (via broadcast and unicast signaling) the configuration of the sounding channel and
the parameters for UL-SRS transmission on the allocated physical resources, and 3)
MS transmission schemes to comply with the prescribed parameters and schedule to
transmit the UL-SRS on the UL sounding channel and the associated BS behavior to
receive and process the UL-SRS.

A communication system can include a cellular system operating in millimeter wave
frequencies using the time division duplex (TDD) mode where uplink and downlink
can use different time slots on the same carrier frequency. A communication system
can also include a cellular system operating in millimeter wave frequencies using the
frequency division duplex (FDD) mode where the uplink and downlink use different
carrier frequencies and all time slots. Since the carrier frequency and bandwidth for UL
and DL can be the same for TDD systems, the knowledge of the downlink channel can
be leveraged to choose the beams on which UL-SRS is transmitted. In FDD systems,
however, channel reciprocity may not be assumed because different carrier frequencies
can be used for UL and DL. Accordingly, the uplink CQI can be obtained/estimated
entirely from the uplink SRS. In at least some embodiments, the uplink CQI must be
obtained/estimated entirely from the uplink SRS. Since UL-SRS transmission can be
an essential part of FDD systems for obtaining UL CQI at the BS, updated and novel
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procedures can be used for configuration and operation at millimeter wave frequencies.
The use of analog beamforming and millimeter wave carrier frequencies can be used to
enable estimation of UL CQI within the coherence time of the channel.

To estimate the channel quality, the best RF and baseband precoders over a physical
resource unit (PRU) to be scheduled can be located. In some embodiments, however,
assuming UL transmissions from an MS are from a single digital chain, UL-SRS can
be used to find the preferred analog weight vectors (RF precoders) using the following

optimization function:

WRBﬁq*, W;:IE‘S =arg  max Z ||W;§I§HfWRP’§S||

VWRFs WRF

FIGURE 9 illustrates an example diagram of different analog weight vectors with
uplink SRS carried over different sub-channels according to this disclosure. For each

of cases 905, 910 and 915, the optimum choice of MS’“ can be different.
RF e

For example, with cases 910 and 915 where uplink SRS is carried over sub-channels,
UL CQI over the usable subcarriers can result in increased sounding channel overhead
when compared to case 905 because of the inherent limitations due to analog
beamforming where the analog beams can be changed only at the beginning of an
OFDM symbol period. This limitation in cases 910 and 915 can translate to needing a
few OFDM symbols transmitting UL-SRS in order to compute UL-CQI for all sub-
channels for the same TX-RX beam pair.

Coherence time can depend on the observed Doppler frequency, which is likely to be
acute in millimeter wave frequencies. For an MS traveling at 3 kilometers per hour, the

observed Doppler D_s at a carrier frequency of 28GHz can be:

D_vfc_3><1000><28><109_7777
S ¢ 3600 x 3 x 108 - )

The coherence time corresponding to the Doppler can be approximated as

1 Based on the above equation, for Ims subframe lengths, the
=321ms.

T =~
c 4DS

channel can be assumed to be coherent for about 3 sub-frames. It should be noted that
the scheduling unit can be a slot of duration 25us, which can mean that there are about
40 slots per sub-frame, giving the same scheduling duration as current 4G systems.
With a 1 UL sounding slot per sub-frame configuration and 33 % BW at each sounding

opportunity, three sub-frames can be used to acquire UL CQI over all usable
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bandwidth. In some embodiments, the UL CQI can be used to schedule UL trans-
missions only after the third sub-frame.

FIGURE 10 illustrates an example diagram of multiple sounding opportunities 1005,
1010, and 1015 for sounding over different bandwidths according to this disclosure. In
some embodiments where the coherence time can only last three sub-frames, the UL
CQI estimated using SRS transmitted as illustrated FIGURE 10 can be stale by the
time it is used for UL grant. In other words, allowing flexibility in sounding bandwidth
can result in longer CQI acquisition times, which in turn can result in sounding oppor-
tunities that spread over multiple coherence intervals.

A UL sounding channel can be configured and operated to enable fast and efficient
operation and to derive channel CQI over different bandwidth granularities within the
coherence time. In some embodiments, the BS can configure at least one sounding
channel having at least one OFDM symbol to carry UL-SRSs corresponding to at least
one transmit beam, where the UL-SRSs are placed in a way that allows channel es-
timation at the BS over an entire usable bandwidth. The MS can transmit UL-SRSs
configured by the BS. For example, the BS can configure a first sounding channel to
be an uplink sounding slot in the uplink sub-frame. A slot can contain multiple OFDM
symbols, all of which carry UL-SRSs in order to enable scanning using different
transmit-receive beam pairs. In an OFDM symbol of the slot, the UL-SRS corre-
sponding to a transmit-receive beam pair can be placed in different sub-carriers in a
way that allows channel estimation over the entire data bandwidth. When configuring
an MS, a BS can transmit to the MS a UL sounding configuration message that sets the
sounding sub-band bitmap to a maximum specifiable value to indicate UL-SRS
placement over the entire data bandwidth. FIGURE 11 illustrates an example diagram
of a first sounding channel configuration 1100 where pilots are placed using a
decimation separation according to this disclosure.

In some embodiments, the BS can configure a second sounding channel whose con-
figuration may be dependent on the configuration of the first sounding channel. The
dependence of the second sounding channel on the configuration of the first sounding
channel will be disclosed further below. Accordingly, the MS can identify or know if a
configuration of the sounding channel belongs to a first sounding channel con-
figuration.

In some embodiments, an MS can identify if a configuration of a sounding channel
belongs to the first sounding channel configuration because the indication of the first
sounding channel configuration is implicitly indicated. The MS can use the sounding
sub-band bitmap field to identify if a sounding channel configuration is a first
sounding channel. If a received UL Sounding Configuration message at the MS has the

sounding sub-band bitmap field set to the maximum value, the MS can use the setting
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to identify that a first sounding channel configuration has been configured for it. The
UL-SRS corresponding to the

5.5, number of configured transmit beams can be transmitted with NREP rep-

NE: SRS

etitions in the configured UL sounding slot.

In some embodiments, an MS can identify if a configuration of a sounding channel
belongs to the first sounding channel configuration because the configuration of the
first sounding channel index is explicitly indicated in the MS specific UL sounding
channel message. The MS specific UL sounding channel message can explicitly
indicate that configuration of a sounding channel belongs to the first sounding channel
configuration by using a field called the sounding channel index. For the first sounding
channel, the sounding channel index field can be set to 00. Each subsequent sounding
channel configuration transmitted to the MS can have a different value for the
sounding channel index.

If the sounding channel configuration field is set to 00 and the FDD mode = 1, the
configuration message may not contain any sounding sub-band bitmap field since the
first sounding channel can be configured to sound over the entire bandwidth. The in-
dication of FDD mode can typically be carried in a broadcast message like the su-
perframe header from the BS to all MS. However, the sounding sub-band bitmap field
can be carried for sounding channel indices that are not set to 00.

FIGURE 12 is an example flow logic diagram 1200 for interpreting a UL sounding
channel configuration message based on a value in a sounding channel index field and
the determination of FDD mode according to this disclosure. For example at step 1205,
an MS can determine that a UL carrier index in the super-frame header is not equal to
zero. If the UL carrier index is not equal to zero, then, at step 1210, the MS can
determine if the sounding channel index is equal to zero. If the sounding channel index
is not equal to zero, then at step 1215, the MS can determine that the sounding channel
is not a first sounding channel. A sounding sub-band bitmap field in a sounding
channel configuration message can direct the MS to transmit UL-SRS over the
bandwidth specified in the sub-band bitmap. If the sounding channel index is equal to
zero, then at step 1220, the MS can determine that the sounding channel is the first
sounding channel. The MS can transmit UL-SRS over the entire bandwidth.

In some embodiments, the BS can configure a second sounding channel to an MS for
transmitting UL-SRS corresponding to at least one transmit beam on a specified
portion of the bandwidth. The second sounding channel can be configured by the BS to
an MS with parameters different from the first sounding channel.

FIGURE 13 illustrates an example diagram of a first sounding channel 1305, 1310

for beam scanning and a second sounding channel 1315, 1320 for channel mea-
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surement refinement according to this disclosure. As illustrated in FIGURE 13, the
first sounding channels 1305 and 1310, as well as the second sounding channels 1315
and 1320, can be configured on a sounding slot and a shared data slot, respectively.
The first sounding channel 1305, 1310 scheduled in a sounding slot with a decimation
index D, can enable a scanning of multiple transmit-receive beam pairs. The UL-SRSs
can be placed according to the decimation index D; across the entire bandwidth to
enable acquisition of both wide-band and sub-band CQI. The measurements from the
first sounding channel 1305, 1310 can be used in determining the sounding bandwidth,
as well as the beam-pairs on which the UL-SRS is to be transmitted in the second
sounding channel 1315, 1320. Furthermore, as illustrated in FIGURE 13, the second
sounding channel 1315, 1320 can be configured on a pre-configured SRS channel in a
UL data slot, which can enable CQI and other measurements using SRS with a
decimation index D, over a bandwidth that is also configurable.

FIGURE 14 illustrates an example diagram of beam 1400 scanning over multiple
transmit-receive beam pairs in a first OFDM symbol according to this disclosure. The
interpretation of the fields in the second sounding channel for configuring the second
UL-SRS transmission can be derived from the configuration of the first sounding
channel. For example, the second sounding channel can be configured for an MS to

transmit UL-SRS corresponding to 1\7MS’SQ number of transmit beams. The configured
&
number of beams for UL-SRS transmission in the second sounding channel NM’S,32 can
b

be less than or equal to the number of transmit beams configured for the first sounding

channel ,5,... If the number of transmit beams configured in the second
™ &

sounding channel is less than the number of beams configured in the first sounding

channel, the MS can transmit UL-SRS corresponding to the first A of the
b

MS.s, transmit beams in the configured second sounding channel. If the first
2

N

sounding channel configures the MS to transmit UL-SRS corresponding to

NMS,.S‘_ > the MS can select and transmit the UL-SRS corresponding to the two
- —

transmit beams. With a repetition factor per beam , rZF~__ ,, the MS can transmit
Neope =4

UL-SRS over eight symbols in total in the UL sounding slot, which can allow the
scanning of eight different beam pairs per digital chain pair as illustrated in FIGURE
14.

If a second sounding channel is configured for the MS after the configuration of the
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first sounding channel with parameters NMS’,52 —o and a repetition factor per beam
b

EP 1’ the MS can transmit UL-SRS using the same two transmit beams that
SRS~

were used for SRS transmission in the first sounding channel. In some embodiments,
the two beams can be transmitted over two OFDM symbols that make up the second
sounding channel’s physical resources based on the parameters configured for the
second sounding channel as illustrated in FIGURE 15. FIGURE 15 illustrates an
example diagram 1500 of specific beam pair scanning in a second sounding slot
according to this disclosure.

A second sounding channel can be explicitly indicated using a sounding channel
index field in the MS-specific sounding channel configuration message such that
sounding channel index field is set to 01. An MS can identify the second sounding
channel configuration 1505 using the sounding sub-band bitmap field (indicating the
bandwidth) and the number of beams configured for the second sounding channel. In
this case where there is no explicit indication, the MS can use the configuration pa-

rameters like the number of beams MS.s,

@,

of the previously-configured sounding channel, where the sounding sub-band bitmap

and the number of repetitions ( NREP)
SRS

field is set to the maximum value in order to interpret the configuration in the current
sounding channel. The fields in the second sounding channel allocation that depend on
previously configured sounding channel can include the number of beams to be
transmitted, the number of repetitions, and the like.

The parameters in the second sounding channel configuration message can be in-
terpreted based on the first sounding channel configuration message as long as the con-
figuration of the first sounding channel is still valid or an explicit sounding channel
index is transmitted. When a second sounding channel is configured after a first
sounding channel, the second sounding channel allocation can be set to be valid only
until the next instance of the UL-SRS transmission according to the parameters set in
the first sounding channel when the first sounding channel is configured with some pe-
riodicity. For example, if the first sounding channel is configured with a periodicity of
once every 100 sub-frames, a second sounding channel allocation can be configured to
have a periodicity of 50 sub-frames, beginning in the 25th sub-frame after the
transmission of the SRS corresponding to the first sounding channel and expiring after
2 transmissions. The fourth transmission can revert back to the transmission of UL-
SRS configured by the first sounding channel allocation as illustrated in FIGURE 16.
FIGURE 16 illustrates an example diagram of a second sounding channel allocation,

transmission, and expiration between two UL-SRS transmissions according to a first
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sounding channel periodicity according to this disclosure. Furthermore, as illustrated in
FIGURE 16, an in-built expiration can save resources by not requiring the BS to
transmit another message to the MS indicating an expiration of the configured
sounding channel. Such a configuration can also allow application of the second
sounding channel (such as second sounding channels 1610 and 1615) to targeted sub-
bands that provide maximum gains based on short term fading and based on the most
recent estimates from the first sounding channel (such as first sounding channels 1605
and 1620.

The decimation index D, used in the second sounding channel configuration (1610
and/or 1615) can be smaller than the decimation index D, of the first sounding channel
(1605 and/or 1620). By making the decimation index smaller, the number of pilots can
be increased for a fixed bandwidth. This can allow more granularity or refinement in
the estimated channel quality over promising sub-bands with the second sounding
channel to maximize short term fading returns compared to the estimate CQI with the
first sounding channel. In other words, the second sounding channel can be used to
refine the CQI estimates from the first sounding channel. It should be understood that
an increased pilot density for a given bandwidth can be performed even if the sounding
allocation uses a cyclic shift separation (CSS). With a CSS, the length of cyclic shift
code can be shorter in the second sounding channel to improve channel refinement.

The second sounding channel can be configured as an aperiodic, one-shot focused
sounding opportunity in response to a bandwidth request message from the MS. Each
sub-band indicated in the sub-band bitmap field of the second sounding channel con-
figuration can be linked to its own set of parameters similar to the number of beams for
which UL-SRS is to be transmitted, the number of repetitions per beam, and the
decimation or CSS code length to be used in the sub-band.

A sounding channel assignment can include a primary sounding channel configured
to transmit UL-SRS over the entire bandwidth and allow scanning over multiple beam-
pairs. The primary sounding channel can be the same as the first sounding channel
identified by the sounding channel index 00. In addition to the primary sounding
channel, the BS can also configure secondary, tertiary, and other ancillary sounding
channels for SRS transmission. The configured parameters in the secondary and other
sounding channel channels can be interpreted and derived from the transmission pa-
rameters used in the primary sounding channel. Other than primary sounding channels,
uplink sounding channels can be designed to be assigned with no restrictions on the
bandwidth resource for the transmission of RS symbols and can allow scanning over a
subset of beam-pairs scanned in the primary sounding channel.

The BS can configure secondary, tertiary, and other ancillary sounding channels to

specify the different parameters corresponding to the different sub-bands. An as-
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signment for the ancillary sounding channels can address at least one sub-band for
which UL-SRS transmission parameters, such as the number of beams for which UL-
SRS is to be transmitted, the number of repetitions per beam, and the decimation or
CSS code length to be used in the sub-bands transmitted to the MS. Sub-bands that are
configured to have the same set of parameters can be transmitted as a single con-
figuration message in which the sub-bands chosen are indexed by a sub-band bitmap
field. Different sets of configurations for different sub-bands can be transmitted in
separate configuration messages as secondary, tertiary, quaternary, and other ancillary
sounding channels. All of these non-primary sounding channels can interpret their pa-
rameters based on the configured parameters in the primary sounding channel.

The secondary sounding channel can use the parameters of the primary sounding
channel to interpret its configuration. Additionally, the tertiary sounding channel can
use the secondary sounding channel parameters to interpret its configuration. The
primary, secondary, and tertiary sounding channels can be identified by a sounding
channel index transmitted in their respective sounding channel configuration messages.
The primary channel can use a sounding channel index = 00, the secondary channel
can use a sounding channel index = 01, the tertiary channel can use a sounding channel
index = 10, and so on. A sounding channel with sounding channel index N, where N is
the decimal equivalent of the binary string indicated in the message, can use the pa-
rameters of the sounding channel with index N-1 to interpret its configured parameters.
For example, if the number of transmit beams configured in the N* sounding channel
is less than the number of beams configured in the N-1% sounding channel, the MS can
transmit UL-SRSs corresponding to the first AZT;/JS,SH of the Nfs, 5 transmit beams
in the configured N sounding channel. This hierarchical sounding channel ar-
rangement can allow a configuration where every new sounding channel configured
for an MS is designed to improve the resolution and accuracy of the channel quality
estimate over existing or previous sounding channel allocations over an indexed
fraction of the bandwidth.

The primary sounding channel and other ancillary sounding channels can be
configured based on MS capabilities. For example, if the MS has multiple digital
chains, the sounding channels can be configured to specifically indicate a configuration
per digital chain.

The secondary sounding channel and other ancillary sounding channels can be
specific about the digital chain that the MS uses for transmission and can indicate the
number of beams on which SRS is to be sent as well as repetitions per digital chain.
The MS beamforming capability can be leveraged to provide a refined channel

estimate with every additional sounding channel configured. For example, the
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beamwidths of the beams that the MS uses can shrink with every additional sounding
channel to provide a refinement of the channel estimate. The beams with smaller
beamwidths for the N* sounding channel can span a sub-set of directions identified by
beams in the N sounding channel or the primary sounding channel. The BS can
indicate the beamwidth reduction process when transmitting the configuration message
for the sounding channels. If no explicit signaling is allowed, the MS can use the ca-
pability exchange during the initial network entry to indicate to the BS that such re-
finement is possible so that the BS knows to expect beam refinement with every ad-
ditional sounding channel configuration for the MS.

An MS’s capability to estimate an angle of arrival, an angle of departure, and other
channel parameters can be transmitted to the BS, which uses the MS’s capability to
estimate in order to determine the sounding channel configuration. This channel es-
timation capability can be transmitted by the MS to the BS as part of a capability
exchange transaction during initial network entry or in response to a request from the
BS. The processing capability of the MS can be used by the BS or a network entity to
determine periodicity of the sounding channel. The processing capability of the MS
can be indicated to the BS as part of capability exchange during initial network entry
or as a standalone message when requested by the BS.

The BS can use Doppler estimates to determine configuration of secondary sounding
channels, tertiary sounding channels, and other ancillary sounding channels after it has
configured the first sounding channel. For example, the BS can derive the Doppler
estimate from reference symbols or get it as feedback from the MS. The BS can
schedule a second sounding channel or other ancillary sounding channel based on
estimated interference of the signal from the MS. The BS can schedule secondary
sounding channels or other ancillary sounding channels if the BS observes differences
(such as beyond a threshold) in the estimated SINR between at least two successive
SRS transmissions. The successive SRS transmissions can be from a sounding channel
configured to transmit periodically. A BS can also schedule secondary sounding
channels or other ancillary sounding channels if the BS observers differences (such as
beyond a threshold) in the estimated SINR between at least two successive SRS trans-
missions even if they are transmissions belong to different configurations.

A Random Access channel (RACH) procedure can be used to select or shortlist the
set of beams chosen for the UL-SRS transmission at the MS. FIGURE 17 illustrates an
example operation 1700 of UL sounding when a RACH for initial network entry (or
network re-entry) is considered instead of a primary sounding channel according to this
disclosure. At step 1703, link establishment during initial network entry, RACH can
provide the MS with the transmit (TX) beam index or indices capable of reaching the
BS and can give the BS a sense of the link quality to the MS. At step 1710, a link is es-
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tablished between the BS and the MS using the RACH procedure. This link estab-
lishment procedure using RACH can be used instead of a primary sounding channel
because, during initial network entry and network re-entry, the MS may try different
TX beams until a RACH code sent on a particular TX beam receives a response {from
the BS. Once the response is received from the BS, further exchange of information on
the selected TX beam at the MS and receive (RX) beam at the BS can occur at step
1715. The uplink sounding channel configuration, at step 1720, is transmitted to the
MS on a TX beam identified in the initial RACH. Therefore, at step 1725, using a UL-
SRS transmission is configured for the MS, the selected transmit beams for UL-SRS
transmission can include the transmit beam identified by the RACH procedure. While
the TX beam index chosen at the MS may not be known to the BS, the BS can identify
the receive beam that it should use to receive data from the MS. The configuration can
include an indicator for the receive beam sweeping so that the selected transmit beams
are received on a set of receive beams at the BS that include the ones identified in the
RACH procedure with the MS.

FIGURE 18 illustrates an example operation 1800 of UL sounding when periodic
RACH is considered instead of a primary sounding channel according to this
disclosure. For example, at step 1805, link establishment during initial network entry
using RACH can provide the MS with the transmit (TX) beam index or indices capable
of reaching the BS and can give the BS a sense of the link quality to the MS. At step
1810, a link is established between the BS and the MS using the RACH procedure.
This link establishment procedure using RACH can be used instead of a primary
sounding channel because, during initial network entry and network re-entry, the MS
may try different TX beams until a RACH code sent on a particular TX beam receives
a response from the BS. Once the response is received from the BS, further exchange
of information on the selected TX beam at the MS and receive (RX) beam at the BS
can occur until a link is established at step 1815. At step 1820, the BS can send
periodic RACH configuration to the MS to enable link maintenance. During periodic
RACH, depending on its configuration, at step 1825, the MS can transmit RACH on a
TX beam identified in the initial RACH or transmit RACH codes on a subset of TX
beams to test other beam pair combinations for channel quality. Therefore, at step
1830, when a UL-SRS transmission is configured for the MS, the selected transmit
beams for UL-SRS transmission can include the transmit beam identified by the
RACH and periodic RACH procedure. The selected transmit beam for UL-SRS can
include the transmit beam identified during a RACH procedure and transmitted at a
time when the RX beam sweep of the BS includes the receive beams identified by the
BS during the RACH procedure. At step 1835, the MS can transmit UL-SRS in the
identified configuration to the BS. At step 1840, the MS can again transmit a periodic
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RACH on a TX beam identified in the initial RACH or transmit RACH codes on a
subset of TX beams to test other beam pair combinations for channel quality.

FIGURE 19 illustrates an example of selection logic for choosing TX beams to be
used in UL-SRS transmission according to this disclosure. The MS can use the
transmit beam identified using the initial RACH transmission, the received uplink SRS
configuration from the BS, and the relationship between the RACH and data beam
widths to identify the set of transmit beams for UL-SRS transmission. The identified
transmit beams can be transmitted using the resources configured by the BS. If the
wireless network is configured for a TDD operation, using reciprocity, the receive
beams identified during downlink CSI-RS transmission can be used to determine the
set of transmit beams for UL-SRS transmissions.

FIGURE 20 is an example flowchart 2000 illustrating the use of beam selection logic
for UL-SRS transmission according to this disclosure. The logic can use a function to
map the received sounding channel configuration from the BS. In particular, the
number of beams on which the UL-SRS is to be transmitted ( NEZ;JSS) and the number

of repetitions per beam ( NRE P received in the UL sounding configuration message
SRS

can be used to determine how the transmit beams for the UL-SRS channel are selected.

For example, at step 2005, if the received ( NMS,S NREP are mapped to value
b VSRS

greater than T (where T is a pre-configured parameter), then at step 2010, the transmit

beams for UL-SRS can be chosen freely and may not include the RACH transmit

beam. If, however, the received ASs 5 REP, combination is less than T, then the
(Nb ’NSRS )

MS can include the direction of the RACH beams in the set of directions for which the
UL-SRS is to be transmitted. Another level of logic selection could be based on the
beam widths used in the transmission of UL-SRS and RACH. The transmit beams for
UL-SRS could have smaller beam widths than those used for RACH since UL-SRS
can be used to train for uplink data transmission. At step 2015, if the UL-SRS and
RACH use beams with the same beam width, then at step 2020, the Ngis,s beams can

involve the RACH beam and its neighborhood of beams. If the UL-SRS and RACH
use beams with the different beam width, then at step 2025, beams are chosen within
the coverage area of RACH beams and expanded until the number of selected beams
equals the number of transmit beams for UL-SRS. FIGURE 21 is an example il-
lustration of beams using UL-SRS and RACH with different beam widths according to
this disclosure. As illustrated in FIGURE 21, if the UL-SRS and RACH use beams
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2100 with different beam widths 2105 and 2110, the chosen beams for UL-SRS
transmission can involve the beam in the same direction as the RACH beam and

several other beams in its neighborhood until all Z\fMS’S beams can be selected.
A

None of the description in this application should be read as implying that any
particular element, step, or function is an essential element that must be included in the
claim scope. The scope of patented subject matter is defined only by the claims.
Moreover, none of the claims is intended to invoke 35 U.S.C. § 112(f) unless the exact

words “means for” are followed by a participle.
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Claims

For use by a base station (BS) in a wireless network, a method
comprising:

configuring a first sounding channel to be an uplink sounding slot
comprising at least one orthogonal frequency-division multiplexing
(OFDM) symbol in an uplink sub-frame in order to carry one or more
uplink sounding reference symbols (UL-SRSs) corresponding to at
least one transmit beam of a first set of transmit beams in a first
sounding channel set of sub-bands, the first sounding channel set of
sub-bands comprising one or more sub-bands that cover a first data
bandwidth;

transmitting, to a mobile station (MS), a first UL sounding con-
figuration message that sets a sounding sub-band bitmap value to a
maximum specifiable value and indicates UL-SRS placement in the
first sounding channel set of sub-bands; and

receiving, through the first sounding channel set of sub-bands from the
MS, the one or more UL-SRSs corresponding to at least the one
transmit beam of the first set of transmit beams for channel estimation
over the first data bandwidth.

The method of Claim 1, the method further comprising:

configuring a second sounding channel to be a second uplink sounding
slot comprising at least the one OFDM symbol in a second uplink sub-
frame in order to carry one or more UL-SRSs corresponding to at least
the one transmit beam of a second set of transmit beams in a second
sounding channel set of sub-bands, the second sounding channel set of
sub-bands comprising at least a subset of the first sounding channel set
of sub-bands, the second set of transmit beams comprising at least a
subset of the first set of transmit beams used in the first sounding
channel;

transmitting, to the MS, a second UL sounding configuration message
that sets a second sounding sub-band bitmap value to a value no greater
than the maximum specifiable value and indicates UL-SRS placement
in the second sounding channel set of sub-bands; and

receiving, through the second sounding channel set of sub-bands from
the MS, the one or more UL-SRSs corresponding to at least the one
transmit beam of the second set of transmit beams for channel es-

timation over a second data bandwidth, wherein the second data
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[Claim 5]

[Claim 6]
[Claim 7]
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bandwidth is at least a subset of the first data bandwidth.

The method of Claim 1, wherein:

the first UL sounding configuration message comprises a sounding
channel index value; and

the sounding channel index value provides an indication to the MS of
the sounding sub-band bitmap value and the UL-SRS configuration in
the first sounding channel set of sub-bands.

The method of Claim 1, the method further comprising:

configuring a third sounding channel to be a third uplink sounding slot
comprising at least the one OFDM symbol in a third uplink sub-frame
in order to carry one or more UL-SRSs corresponding to at least one
transmit beam of the third set of transmit beams in a third sounding
channel set of sub-bands, the third sounding channel set of sub-bands
comprising at least the subset of the first sounding channel set of sub-
bands or at least a subset of the second sounding channel set of sub-
bands, the third set of transmit beams comprising at least a subset of the
first set of transmit beams or the second set of transmit beams;
transmitting, to the MS, a third UL sounding configuration message
that sets a second sounding sub-band bitmap value to a value no greater
than the maximum specifiable value and indicates UL-SRS placement
in the third sounding channel set of sub-bands; and

receiving, through the third sounding channel set of sub-bands from the
MS, the one or more UL-SRSs corresponding to at least the one
transmit beam of the third set of transmit beams for channel estimation
over a third data bandwidth, wherein the third data band width is at
least a subset of one of the first data bandwidth or the second data
bandwidth.

The method of Claim 1, wherein a random access channel (RACH) is
used by the BS to identify received beams for receiving sound
reference symbols on the configured sounding channel.

An apparatus arranged to implement a method of one of claim 1 to 5
For use by a mobile station (MS) in a wireless network, a method
comprising:

receiving, from a base station (BS), a first uplink (UL) sounding con-
figuration message that sets a sounding sub-band bitmap value to a
maximum specifiable value and indicates uplink sounding reference
symbol (UL-SRS) placement in a first sounding channel set of sub-

bands associated with a first sounding channel, the first sounding
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channel set of sub-bands comprising one or more sub-bands that cover
a first data bandwidth, the first sounding channel configured to be an
uplink sounding slot comprising at least one orthogonal frequency-
division multiplexing (OFDM) symbol in an uplink sub-frame in order
to carry one or more UL-SRSs corresponding to at least one transmit
beam of a first set of transmit beams in the first sounding channel set of
sub-bands; and

transmitting, through the first sounding channel set of sub-bands to the
BS, the one or more UL-SRSs corresponding to at least the one
transmit beam in the first set of transmit beams for channel estimation
over the first data bandwidth.

The method of Claim 7, further comprising:

receiving, from the BS, a second UL sounding configuration message
that sets a second sounding sub-band bitmap value to a value no greater
than the maximum specifiable value and indicates UL-SRS placement
in a second sounding channel set of sub-bands associated with a second
sounding channel, the second sounding channel set of sub-bands
comprising at least the first sounding channel set of sub-bands, the
second sounding channel configured to be a second uplink sounding
slot comprising at least the one OFDM symbol in a second uplink sub-
frame in order to carry one or more UL-SRSs corresponding to at least
one transmit beam of a second set of transmit beams, the second set of
transmit beam comprising at least a subset of the first set of transmit
beams used in the first sounding channel; and

transmitting, through the second sounding channel set of sub-bands to
the BS, the one or more UL-SRSs corresponding to at least the one
transmit beam of the second set of transmit beams for channel es-
timation over a second data bandwidth, wherein the second data
bandwidth is at least a subset of the first data bandwidth.

The method of Claim 7, further comprising:

receiving a sounding channel index value, the sounding channel index
value providing an indication of the sounding sub-band bitmap value
and the UL-SRS configuration in the first sounding channel set of sub-
bands.

The method of Claim 7, further comprising:

receiving, from the BS, a third UL sounding configuration message that
sets a second sounding sub-band bitmap value to a value no greater

than the maximum specifiable value and indicates UL-SRS placement
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in a third sounding channel set of sub-bands associated with a third
sounding channel, the third sounding channel set of sub-bands
comprising at least one of the first sounding channel set of sub-bands or
the second sounding channel set of sub-bands, the third sounding
channel configured to be a third uplink sounding slot comprising at
least the one OFDM symbol in a third uplink sub-frame in order to
carry one or more UL-SRSs corresponding to at least one transmit
beam of a third set of transmit beams, the third set of transmit beams
comprises at least a subset of the first set of transmit beams or the
second set of transmit beams; and

transmitting, through the third sounding channel set of sub-bands to the
BS, the one or more UL-SRSs corresponding to at least the one
transmit beam of the third set of transmit beams for channel estimation
over a third data bandwidth, wherein the third data bandwidth is at least
one of the subset of the first data bandwidth or a subset of the second
data bandwidth.

The method of Claim 7, wherein at least the first set of transmit beams
for at least the first sounding channel is identified by a random access
channel (RACH).

An apparatus arranged to implement a method of one of claim 7 to 11.
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[Fig. 4]
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[Fig. 6]

g

{0)

(0)

(0}
®;

6/21

600A

PCT/KR2014/005916

605




PCT/KR2014/005916

7/21

#
cls ol o .

uo/1RINGIjuON 014 uoneinbyuoy mom uoneIndijuoy
=
E
B
L T
o = 5
= =
(& [
= =
< <
@ s}
B
e
L 11 x1}81d
Sy-BupuUnog === [ | | 324D 201040

ﬁwwwwV3, ng9££HMW/, 10/S BleQ
n

[dlh]

WO 2015/002465

[Fig. 7]

6(8r21dl. 12111 0lsl8l1olE)l 6[e12rdl 12l Ho|slel 21015} ele 16l lelviolelel(or6t 6le1401 1l olslgl ot

orlele Nvm_&waa waxbmWW@ mmm_*wwa mmabmmw@\mwm_a*wm mwammmMW\wmm_aka\mw

N vn ™It v 9y e-n BT e-1d 918 -0 ol -1 9 b B -0
y—oWelgng g—sWelgng Z-oWelgng |—oWelgng




821

PCT/KR2014/005916

WO 2015/002465

[Fig. 8]

Aununpoddo SHS-TN 8Ul Ul panliwsuel) S Wesq

Pa8]03[8s PU0dES ay) 0] BUIPUOdSalINd S10]id

Hy

3

3

Alunuoddo SHS-TN 8ul Ul paniwsuely SI Wesq

p8109|3s 1811} U1 01 BuIPUOASS1I0D SI0|Id

¥k

2
%
7

)]

208
/ 108
- T T / T
= = = =
o (&) o o
= = = =
O (@] O O
= = = =
< <C <C <t
m a (an] w
0 FIEN! 0 xijold 0 Xljeld 0 X|Je1d
01940 ) 011940 91940
101s.21eq AN oIS 8180 AN 1018 2180 AN oIS 21eq 7N
8[31249l./12(1106/8] \mﬂ@.. 8ler49l lelMo|sle 4ol 681116l Tzl o|slel /(916 Bl8| 161 s2lr|ol6i8l]916r
ol m&ié\w R Sm&@\mmm_é\wa EloReRr Nmmié\m 9] Qmmm\@\\mmiaim ok
7= B vd 9 en B e 910 n bl 10 9 N Bl 1d
7-5WeIIgng g-sWeligng Z-9WelIgng | —8Welqng




9/21

PCT/KR2014/005916

WO 2015/002465

[Fig. 9]

S3S preny S1911B2QNS 2|9BsSN _mow plenn do
_
SOS pleny SI91Jeagng a|gesn 89S plenn dn
$OG pIENYD s1alBOgNg 3|98 $0G plenn dn
(@)
=~
=
<3
0)
0,
=)

'€ 3SVO

Gl6

¢ ASVO

016

(H3SVO

G06



10/21

PCT/KR2014/005916

WO 2015/002465

[Fig. 10]

¢ Allunyoddo
Bujpunog

0101~

| Auunyoddo
BuIpuUNoOS

0 Alunyoddo
BuIpunog

GO0l

SOS PIeny $1810e0qNg 8gesN SOs peny  do
SOS Pieny SJ8l1lBogng 8|gesn sOsS preng 40
SOS piens) Slalleagng ajgesn 80S pJeng do

o

g

@

o

o

Time variation depends on Doppler Frequency —>



1121

WO 2015/002465 PCT/KR2014/005916
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[Fig. 12]
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