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Description

Title of Invention: METHODS AND APPARATUS FOR RRM

MEASUREMENT ON UNLICENSED SPECTRUM

Technical Field
[1] This disclosure relates generally to wireless communication systems. More

specifically, this disclosure relates to method and apparatus for RRM measurement on

unlicensed spectrum.

Background Art
[2] A long term evolution (LTE) radio access technology (RAT) may be deployed on an

unlicensed frequency spectrum, which is also known as licensed assisted access (LAA)

or LTE unlicensed (LTE-U). One of possible deployment scenarios for the LAA is to

deploy LAA carriers as a part of carrier aggregations, where an LAA carrier is ag

gregated with another carrier on a licensed frequency spectrum.

Disclosure of Invention

Technical Problem
[3] In a conventional scheme, a carrier on a licensed frequency spectrum is assigned as a

primary cell (PCell) and a carrier on an unlicensed frequency spectrum is assigned as a

secondary cell (SCell) for a UE. Since there may be other RATs operating on the same

unlicensed frequency spectrum as the LAA carrier, there is a need to enable co

existence of other RAT with LAA on an unlicensed frequency spectrum without un

desirable interference between heterogeneous RATs.

Solution to Problem
[4] This disclosure provides methods and apparatus for RRM measurement on un

licensed spectrum.

[5] In one embodiment, a user equipment (UE) is provided. The UE comprises a

transceiver configured to receive a received signal strength indicator (RSSI) mea

surement timing configuration (RMTC) over an unlicensed spectrum in a licensed

assisted access (LAA). The UE further comprises at least one processor configured to

generate an average RSSI measurement in accordance with the received RMTC. The at

least one processor is further configured to generate a channel occupancy measurement

report including a channel occupancy ratio and the transceiver is further configured to

transmit the channel occupancy measurement report with an RSSI measurement report

including the average RSSI measurement.

[6] In another embodiment, an eNodeB (eNB) is provided. The eNB comprises at least

one processor configured to generate a received signal strength indicator (RSSI) mea

surement timing configuration (RMTC). The eNB further comprises a transceiver



configured to transmit the generated RMTC over an unlicensed spectrum in a licensed

assisted access (LAA) and receive a channel occupancy measurement report including

a channel occupancy ratio with an RSSI measurement report including an average

RSSI measurement in accordance with the transmitted RMTC.

[7] In yet another embodiment, a user equipment (UE) is provided. The UE comprises a

transceiver configured to receive, from an eNodeB (eNB), a discovery reference signal

(DRS) transmission following a fixed backoff period over an unlicensed spectrum in a

licensed assisted access (LAA). The fixed backoff period is determined differently

from a backoff period for data transmissions. The UE further comprises at least one

processor configured to measure the DRS in accordance with the fixed backoff period.

Advantageous Effects of Invention
[8] With the present disclosure, other RATs operating on the same unlicensed frequency

spectrum as the LAA carrier can co-exist without undesirable interference between het

erogeneous RATs.

Brief Description of Drawings
[9] For a more complete understanding of this disclosure and its advantages, reference is

now made to the following description, taken in conjunction with the accompanying

drawings, in which:

[10] FIGURE 1 illustrates an example wireless network according to embodiments of the

present disclosure;

[11] FIGURE 2 illustrates an example eNodeB (eNB) according to embodiments of the

present disclosure;

[12] FIGURE 3 illustrates an example user equipment (UE) according to embodiments of

the present disclosure;

[13] FIGURE 4A illustrates a high-level diagram of an orthogonal frequency division

multiple access transmit path according to embodiments of the present disclosure;

[14] FIGURE 4B illustrates a high-level diagram of an orthogonal frequency division

multiple access receive path according to embodiments of the present disclosure;

[15] FIGURE 5 illustrates an example structure for a downlink (DL) transmission time

interval (TTI) according to embodiments of the present disclosure;

[16] FIGURE 6 illustrates an example structure for a common reference signal resource

element (CRS RE) mapping according to embodiments of the present disclosure;

[17] FIGURE 7 illustrates an example carrier aggregation scheme on licensed and un

licensed spectrum according to embodiments of the present disclosure;

[18] FIGURE 8 illustrates an example time division multiplexing (TDM) transmission

pattern of a long term evolution-unlicensed (LTE-U) downlink carrier according to

embodiments of the present disclosure;



[19] FIGURE 9 illustrates an example configuration of time domain position for primary

synchronization signal/secondary synchronization signal (PSS/SSS) according to em

bodiments of the present disclosure;

[20] FIGURE 10 illustrates an example of a discovery reference signal (DRS)

transmission according to embodiments of the present disclosure;

[21] FIGURE 11 illustrates another example of a DRS transmission according to em

bodiments of the present disclosure;

[22] FIGURE 12 illustrates an example of an aperiodic DRS transmission according to

embodiments of the present disclosure;

[23] FIGURE 13 illustrates an example of a received signal strength indicator (RSSI)

measurement for high-load downlink and uplink WiFi traffic according to em

bodiments of the present disclosure; and

[24] FIGURE 14 illustrates an example of signaling flow for RSSI transmission on un

licensed spectrum according to embodiments of the present disclosure.

Mode for the Invention
[25] Other technical features may be readily apparent to one skilled in the art from the

following figures, descriptions, and claims.

[26] 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

nication between two or more elements, whether or not those elements are in physical

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, A and C, B and C, and A and B and C.



[27] 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.

[28] 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.

[29] FIGURES 1 through 14, discussed below, and the various embodiments used to

describe the principles of this disclosure in this patent document are by way of i l

lustration 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 this disclosure

may be implemented in any suitably arranged wireless communication system.

[30] The following documents and standards descriptions are hereby incorporated by

reference into the present disclosure as if fully set forth herein: 3GPP TS 36.21 1

vl2.3.0, "E-UTRA, Physical channels and modulation" (REF1); 3GPP TS 36.212

vl2.2.0, "E-UTRA, Multiplexing and Channel coding" (REF2); 3GPP TS 36.213

vl2.3.0, "E-UTRA, Physical Layer Procedures" (REF3); 3GPP TR 36.872 vl2.1.0,

"Small cell enhancements for E-UTRA and E-UTRAN - Physical layer

aspects "(REF4); 3GPP TS 36.133 vl2.7.0, "E-UTRA, Requirements for support of

radio resource management" (REF5); 3GPP TS 36.331 vl2.3.0, "E-UTRA, Radio

Resource Control (RRC) Protocol Specification"; and ETSI EN 301 893 vl.8.0

(2012-06), Harmonized European Standard, "Broadband Radio Access Networks

(BRAN); 5GHz high performance RLAN."

[31] FIGURES 1-4B below describe various embodiments implemented in wireless com

munications systems and with the use of orthogonal frequency division multiplexing



(OFDM) or orthogonal frequency division multiple access (OFDMA) communication

techniques. The descriptions of FIGURES 1-3 are not meant to imply physical or ar

chitectural limitations to the manner in which different embodiments may be im

plemented. Different embodiments of the present disclosure may be implemented in

any suitably-arranged communications system.

[32] FIGURE 1 illustrates an example wireless network 100 according to embodiments of

the present 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.

[33] As shown in FIGURE 1, the wireless network 100 includes an eNB 101, an eNB 102,

and an eNB 103. The eNB 101 communicates with the eNB 102 and the eNB 103. The

eNB 101 also communicates with at least one network 130, such as the Internet, a pro

prietary Internet Protocol (IP) network, or other data network.

[34] The eNB 102 provides wireless broadband access to the network 130 for a first

plurality of UEs within a coverage area 120 of the eNB 102. The first plurality of UEs

includes a UE 111, which may be located in a small business (SB); a UE 112, which

may be located in an enterprise (E); a UE 113, which may be located in a WiFi hotspot

(HS); a UE 114, which may be located in a first residence (R); a UE 115, which may

be located in a second residence (R); and a UE 116, which may be a mobile device

(M), such as a cell phone, a wireless laptop, a wireless PDA, or the like. The eNB 103

provides wireless broadband access to the network 130 for a second plurality of UEs

within a coverage area 125 of the eNB 103. The second plurality of UEs includes the

UE 115 and the UE 116. In some embodiments, one or more of the eNBs 101-103 may

communicate with each other and with the UEs 111-116 using 5G, LTE, LTE-A,

WiMAX, WiFi, LTE-U(LAA) or other wireless communication techniques.

[35] Depending on the network type, other well-known terms may be used instead of

"eNodeB" or "eNB," such as "base station" or "access point." For the sake of con

venience, the terms "eNodeB" and "eNB" are used in this patent document to refer to

network infrastructure components that provide wireless access to remote terminals.

Also, depending on the network type, other well-known terms may be used instead of

"user equipment" or "UE," such as "mobile station," "subscriber station," "remote

terminal," "wireless terminal," or "user device." For the sake of convenience, the terms

"user equipment" and "UE" are used in this patent document to refer to remote wireless

equipment that wirelessly accesses an eNB, whether the UE is a mobile device (such as

a mobile telephone or smartphone) or is normally considered a stationary device (such

as a desktop computer or vending machine).

[36] 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 eNBs,

such as the coverage areas 120 and 125, may have other shapes, including irregular

shapes, depending upon the configuration of the eNBs and variations in the radio en

vironment associated with natural and man-made obstructions.

[37] As described in more detail below, one or more of the UEs 111-116 include circuitry,

programing, or a combination thereof, for processing of a received signal strength

indicator (RSSI) measurement timing configuration (RMTC) and generating of an

average RSSI measurement in accordance with the received RMTC from the eNBs

101-103. In some embodiments, the UEs 111-116 generates a channel occupancy mea

surement report including a channel occupancy ratio and transmit the channel

occupancy measurement report with an RSSI measurement report including the

average RSSI measurement.

[38] In some embodiments, the UEs 111-116 generates a channel occupancy ratio that is

determined based on an amount of occupied measurement time unit (MTU) exceeding

at least one threshold for an average RSSI measurement, wherein the at least one

threshold is configured by a higher layer signal from the eNBs 101-103. In some em

bodiments, the RMTC is independently configured from a discovery reference signal

(DRS) measurement timing configuration (DMTC). In some embodiments, the RMTC

comprises a measurement duration and measurement period that determines a time

period between the average RSSI measurements. In some embodiments, the UEs

111-116 receives OFDM symbol information to perform the average RSSI mea

surement, wherein the OFDM symbol information is indicated by a higher layer signal

from the eNB. In some embodiments, the UEs 111-116 receives a fixed backoff period

for measuring a DRS, wherein the fixed backoff period is configured by a higher layer

signal from the eNB.

[39] In some embodiments, the UEs 111-116 receive at least one clear channel assessment

(CCA) threshold, each of which comprises different CCA threshold for measuring a

DRS, wherein the at least one CCA threshold is configured by a higher layer signal

from the eNBs 101-103. In some embodiments, the UEs 111-116 receive a value in

dicating a subframe structure configuration and process the value indicating the

subframe structure configuration for receiving a downlink control channel, wherein the

value indicating the subframe structure configuration comprises at least one of a value

indicating a partial subframe duration configuration or a value indicating a full

subframe duration configuration, the value indicating the subframe structure con

figuration being configured by downlink control information (DCI) format from the

eNBs 101-103.

[40] In some embodiments, the UEs 111-116 receive a fixed backoff period over an un

licensed spectrum in a licensed assisted access (LAA), wherein the fixed backoff



period is determined for measuring a discovery reference signal (DRS) and measure

the DRS in accordance with the fixed backoff period. In some embodiments, the UEs

111-11 receive at least one clear channel assessment (CCA) threshold, each of which

comprises different CCA threshold for measuring a DRS, wherein the at least one CCA

threshold is configured by a higher layer signal to the UE.

[41] In certain embodiments, and one or more of the eNBs 101-103 includes circuitry,

programing, or a combination thereof, for generating of a received signal strength

indicator (RSSI) measurement timing configuration (RMTC) and processing of a

channel occupancy measurement report including a channel occupancy ratio with an

RSSI measurement report including an average RSSI measurement in accordance with

the transmitted RMTC, wherein the channel occupancy ratio is determined based on an

amount of occupied measurement time unit (MTU) exceeding at least one threshold for

the average RSSI measurement, and wherein the at least one threshold is configured by

a higher layer signal from the eNBs 101-103.

[42] In some embodiments, the eNBs 101-103 generates and transmits, to the UEs

111-116, the RMTC that is independently configured from a discovery reference signal

(DRS) measurement timing configuration (DMTC), wherein the RMTC comprises

measurement duration and measurement period that determines a time period between

the average RSSI measurements. In some embodiments, the eNBs 101-103 transmit

OFDM symbol information for performing the average RSSI measurement of the UEs

111-116, wherein the OFDM symbol information is indicated by a higher layer signal

to the UE.

[43] In some embodiments, the eNBs 101-103 transmit a fixed backoff period for

measuring a DRS, wherein the fixed backoff period is configured by a higher layer

signal to the UE. In some embodiments, the eNBs 101-103 transmit at least one clear

channel assessment (CCA) threshold, each of which comprises different CCA

threshold for measuring a DRS, wherein the at least one CCA threshold is configured

by a higher layer signal to the UE. In some embodiments, the eNBs 101-103 generates

a value indicating a subframe structure configuration for transmitting a downlink

control channel and transmit the value indicating the subframe structure configuration,

wherein the value indicating the subframe structure configuration comprises at least

one of a value indicating a partial subframe duration configuration or a value in

dicating a full subframe duration configuration, and wherein the value indicating the

subframe structure configuration is configured by downlink control information (DCI)

format to the UE.

[44] 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 eNBs and any number of UEs in any suitable arrangement.



Also, the eNB 101 could communicate directly with any number of UEs and provide

those UEs with wireless broadband access to the network 130. Similarly, each eNB

102-103 could communicate directly with the network 130 and provide UEs with

direct wireless broadband access to the network 130. Further, the eNBs 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.

[45] FIGURE 2 illustrates an example eNB 102 according to embodiments of the present

disclosure. The embodiment of the eNB 102 illustrated in FIGURE 2 is for illustration

only, and the eNBs 101 and 103 of FIGURE 1 could have the same or similar con

figuration. However, eNBs come in a wide variety of configurations, and FIGURE 2

does not limit the scope of this disclosure to any particular implementation of an eNB.

[46] As shown in FIGURE 2, the eNB 102 includes multiple antennas 205a- 205n,

multiple RF transceivers 210a-210n, transmit (TX) processing circuitry 215, and

receive (RX) processing circuitry 220. The eNB 102 also includes a controller/

processor 225, a memory 230, and a backhaul or network interface 235.

[47] The RF transceivers 210a-210n receive, from the antennas 205a- 205n, incoming RF

signals, such as signals transmitted by UEs 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.

[48] 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.

[49] In some embodiments, the RF transceivers 210a-210n are configure to transmit an

RMTC over an unlicensed spectrum in a licensed assisted access (LAA) and receive a

channel occupancy measurement report including a channel occupancy ratio with an

RSSI measurement report including an average RSSI measurement in accordance with

the transmitted RMTC. In some embodiment, the RF transceivers 210a-210n are

configure to transmit a value indicating a subframe structure configuration for

transmitting a downlink control channel, wherein the value indicating the subframe

structure configuration comprises at least one of a value indicating a partial subframe

duration configuration or a value indicating a full subframe duration configuration, and



wherein the value indicating the subframe structure configuration being configured by

downlink control information (DCI) format to the UE.

[50] The controller/processor 225 can include one or more processors or other processing

devices that control the overall operation of the eNB 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.

[51] 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 eNB 102 by the

controller/processor 225. In some embodiments, the controller/processor 225 includes

at least one microprocessor or microcontroller. In some embodiments, the controller/

processor 225 is configured to generate a received signal strength indicator (RSSI)

measurement timing configuration (RMTC).

[52] In some embodiments, the controller/processor 225 is configured to transmit OFDM

symbol information for performing the average RSSI measurement of the UE, wherein

the OFDM symbol information is indicated by a higher layer signal to the UE. In some

embodiments, the controller/processor 225 is configured to transmit a fixed backoff

period for measuring a DRS, wherein the fixed backoff period being configured by a

higher layer signal to the UE. In some embodiments, the controller/processor 225 is

configured to transmit at least one clear channel assessment (CCA) threshold, each of

which comprises different CCA threshold for measuring a DRS, wherein the at least

one CCA threshold is configured by a higher layer signal to the UE.

[53] In some embodiments, the controller/processor 225 is configured to generate a value

indicating a subframe structure configuration for transmitting a downlink control

channel, wherein the value indicating the subframe structure configuration comprises

at least one of a value indicating a partial subframe duration configuration or a value

indicating a full subframe duration configuration, the value indicating the subframe

structure configuration being configured by downlink control information (DCI)

format to the UE.

[54] As described in more detail below, the eNB 102 includes circuitry, programing, or a

combination thereof for generating of RMTC and processing of RSSI measurement

report and channel occupancy measurement report over on unlicensed spectrum and/or

licensed spectrum in LTE cell and/or LAA.

[55] The controller/processor 225 is also capable of executing programs and other



processes resident in the memory 230, such as an OS. The controller/processor 225 can

move data into or out of the memory 230 as required by an executing process.

[56] The controller/processor 225 is also coupled to the backhaul or network interface

235. The backhaul or network interface 235 allows the eNB 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 eNB 102 is implemented as part of a cellular communication

system (such as one supporting 5G, LTE, LTE-A, or LTE-U(LAA)), the interface 235

could allow the eNB 102 to communicate with other eNBs over a wired or wireless

backhaul connection. When the eNB 102 is implemented as an access point, the

interface 235 could allow the eNB 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.

[57] 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.

[58] Although FIGURE 2 illustrates one example of eNB 102, various changes may be

made to FIGURE 2. For example, the eNB 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 eNB 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.

[59] FIGURE 3 illustrates an example UE 116 according to embodiments of the present

disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 is for illustration

only, and the UEs 111-115 of FIGURE 1 could have the same or similar configuration.

However, UEs come in a wide variety of configurations, and FIGURE 3 does not limit

the scope of this disclosure to any particular implementation of a UE.

[60] As shown in FIGURE 3, the UE 116 includes a set of antennas 305, a radio

frequency (RF) transceiver 310, TX processing circuitry 315, a microphone 320, and

receive (RX) processing circuitry 325. The UE 116 also includes a speaker 330, a

processor 340, an input/output (I/O) interface (IF) 345, an input device 350, a display

355, and a memory 360. The memory 360 includes an operating system (OS) 361 and

one or more applications 362.



[61] The RF transceiver 310 receives, from the set of antennas 305, an incoming RF

signal transmitted by an eNB of the network 100. The RF transceiver 310 down-

converts the incoming RF signal to generate an intermediate frequency (IF) or

baseband signal. In some embodiment, the RF transceiver 310 is configured receive a

received signal strength indicator (RSSI) measurement timing configuration (RMTC)

over an unlicensed spectrum in a licensed assisted access (LAA) and transmit a

channel occupancy measurement report with an RSSI measurement report including

the average RSSI measurement.

[62] In some embodiment, the RF transceiver 310 is configured to receive a value in

dicating a subframe structure configuration for receiving a downlink control channel,

wherein the value indicating the subframe structure configuration comprises at least

one of a value indicating a partial subframe duration configuration or a value in

dicating a full subframe duration configuration, and wherein the value indicating the

subframe structure configuration is configured by downlink control information (DCI)

format from the eNB. In some embodiment, the RF transceiver 310 is configured to

receive a fixed backoff period over an unlicensed spectrum in a licensed assisted

access (LAA), wherein the fixed backoff period is determined for measuring a

discovery reference signal (DRS).

[63] 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 processor 340 for further processing

(such as for web browsing data).

[64] The TX processing circuitry 315 receives analog or digital voice data from the m i

crophone 320 or other outgoing baseband data (such as web data, e-mail, or interactive

video game data) from the 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.

[65] The processor 340 can include one or more processors or other processing devices

and execute the OS 361 stored in the memory 360 in order to control the overall

operation of the UE 116. For example, the 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 embodiments, the processor 340

includes at least one microprocessor or microcontroller.

[66] The processor 340 is also capable of executing other processes and programs resident



in the memory 360, such as generates an average RSSI measurement in accordance

with the received RMTC, wherein the processor 340 is further configured to generate a

channel occupancy measurement report including a channel occupancy ratio. In some

embodiments, the processor 340 is configured to receive OFDM symbol information to

perform the average RSSI measurement, wherein the OFDM symbol information is

indicated by a higher layer signal from the eNB.

[67] In some embodiments, the processor 340 is configured to receive a fixed backoff

period for measuring a DRS, wherein the fixed backoff period is configured by a

higher layer signal from the eNB. In some embodiments, the processor 340 is

configured to receive at least one clear channel assessment (CCA) threshold, each of

which comprises different CCA threshold for measuring a DRS, wherein the at least

one CCA threshold is configured by a higher layer signal from the eNB. In some em

bodiments, the processor 340 is configured to process a value indicating the subframe

structure configuration for receiving a downlink control channel, wherein the value in

dicating the subframe structure configuration comprises at least one of a value in

dicating a partial subframe duration configuration or a value indicating a full subframe

duration configuration, the value indicating the subframe structure configuration is

configured by downlink control information (DCI) format from the eNB.

[68] In some embodiments, the processor 340 is configured to measure the DRS in ac

cordance with the fixed backoff period. In some embodiments, the processor 340 is

configured to receive at least one clear channel assessment (CCA) threshold, each of

which comprises different CCA threshold for measuring a DRS, wherein the at least

one CCA threshold is configured by a higher layer signal to the UE.

[69] The processor 340 can move data into or out of the memory 360 as required by an

executing process. In some embodiments, the processor 340 is configured to execute

the applications 362 based on the OS 361 or in response to signals received from eNBs

or an operator. The processor 340 is also coupled to the I/O interface 345, which

provides the UE 116 with the ability to connect to other devices, such as laptop

computers and handheld computers. The I/O interface 345 is the communication path

between these accessories and the processor 340.

[70] The processor 340 is also coupled to the input device 350 and the display 355. The

operator of the UE 116 can use the input device 350 to enter data into the UE 116. The

display 355 may be a liquid crystal display, light emitting diode display, or other

display capable of rendering text and/or at least limited graphics, such as from web

sites.

[71] The memory 360 is coupled to the 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).



[72] Although FIGURE 3 illustrates one example of UE 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 processor 340 could be

divided into multiple processors, such as one or more central processing units (CPUs)

and one or more graphics processing units (GPUs). In another example, the UE 116

may include only one antenna 305 or any number of antennas 305. Also, while

FIGURE 3 illustrates the UE 116 configured as a mobile telephone or smartphone,

UEs could be configured to operate as other types of mobile or stationary devices.

[73] FIGURE 4A is a high-level diagram of transmit path circuitry 400. For example, the

transmit path circuitry 400 may be used for an OFDMA communication. FIGURE 4B

is a high-level diagram of receive path circuitry 450. For example, the receive path

circuitry 450 may be used for an OFDMA communication. In FIGURES 4A and 4B,

for downlink communication, the transmit path circuitry 400 can be implemented in a

base station (eNB) 102 or a relay station, and the receive path circuitry 450 may be im

plemented in a user equipment (such as user equipment 116 of FIGURE 1). In other

examples, for uplink communication, the receive path circuitry 450 can be im

plemented in a base station (such as 102 of FIGURE 1) or a relay station, and the

transmit path circuitry 400 can be implemented in a user equipment (such as user

equipment 116 of FIGURE 1).

[74] Transmit path circuitry 400 comprises channel coding and modulation block 405,

serial-to-parallel (S-to-P) block 410, Size N Inverse Fast Fourier Transform (IFFT)

block 415, parallel-to- serial (P-to-S) block 420, add cyclic prefix block 425, and up-

converter (UC) 430. Receive path circuitry 450 comprises down-converter (DC) 455,

remove cyclic prefix block 460, serial-to-parallel (S-to-P) block 465, Size N Fast

Fourier Transform (FFT) block 470, parallel-to- serial (P-to-S) block 475, and channel

decoding and demodulation block 480.

[75] At least some of the components in FIGURES 4A and 4B can be implemented in

software, while other components can be implemented by configurable hardware or a

mixture of software and configurable hardware. In particular, it is noted that the FFT

blocks and the IFFT blocks described in this disclosure document can be implemented

as configurable software algorithms, where the value of Size N can be modified

according to the implementation.

[76] In transmit path circuitry 400, channel coding and modulation block 405 receives a

set of information bits, applies coding (such as low-density parity-check (LDPC)

coding) and modulates (such as Quadrature Phase Shift Keying (QPSK) or Quadrature

Amplitude Modulation (QAM)) the input bits to produce a sequence of frequency-

domain modulation symbols. Serial-to-parallel block 410 converts (such as de-



multiplexes) the serial modulated symbols to parallel data to produce N parallel

symbol streams where N is the IFFT/FFT size used in BS 102 and UE 116. Size N

IFFT block 415 then performs an IFFT operation on the N parallel symbol streams to

produce time-domain output signals. Parallel-to- serial block 420 converts (such as

multiplexes) the parallel time-domain output symbols from Size N IFFT block 415 to

produce a serial time-domain signal. Add cyclic prefix block 425 then inserts a cyclic

prefix to the time-domain signal. Finally, up-converter 430 modulates (such as up-

converts) the output of add cyclic prefix block 425 to RF frequency for transmission

via a wireless channel. The signal can also be filtered at baseband before conversion to

RF frequency.

[77] The transmitted RF signal arrives at UE 116 after passing through the wireless

channel, and reverse operations to those at eNB 102 are performed. Down-converter

455 down-converts the received signal to baseband frequency, and remove cyclic

prefix block 460 removes the cyclic prefix to produce the serial time-domain baseband

signal. Serial-to-parallel block 465 converts the time-domain baseband signal to

parallel time-domain signals. Size N FFT block 470 then performs an FFT algorithm to

produce N parallel frequency-domain signals. Parallel-to- serial block 475 converts the

parallel frequency-domain signals to a sequence of modulated data symbols. Channel

decoding and demodulation block 480 demodulates and then decodes the modulated

symbols to recover the original input data stream.

[78] Each of eNBs 101-103 can implement a transmit path that is analogous to

transmitting in the downlink to user equipment 111-116 and may implement a receive

path that is analogous to receiving in the uplink from user equipment 111-116.

Similarly, each one of user equipment 111-116 may implement a transmit path corre

sponding to the architecture for transmitting in the uplink to eNBs 101-103 and may

implement a receive path corresponding to the architecture for receiving in the

downlink from eNBs 101-103.

[79] FIGURE 5 illustrates an example structure for a DL TTI 500 according to em

bodiments of the present disclosure. An embodiment of the DL TTI structure 500

shown in FIGURE 5 is for illustration only. Other embodiments can be used without

departing from the scope of the present disclosure.

[80] As illustrated in FIGURE 5, a DL signaling uses OFDM and a DL TTI includes N =

14 OFDM symbols in the time domain and ί resource blocks (RBs) in the frequency

domain. A first type of control channels (CCHs) is transmitted in a first N i OFDM

symbols 510 including no transmission, N i=0. Remaining N - OFDM symbols are

primarily used for transmitting PDSCHs 520 and, in some RBs of a TTI, for

transmitting a second type of CCHs (ECCHs) 530.

[81] An eNB 103 also transmits primary synchronization signals (PSS) and secondary



synchronization signals (SSS), so that UE 116 synchronizes with the eNB 103 and

performs cell identification. There are 504 unique physical-layer cell identities. The

physical-layer cell identities are grouped into 168 unique physical-layer cell-identity

groups which of each group contains three unique identities. The grouping is such that

each physical-layer cell identity is part of one and only one physical-layer cell-identity

group. A physical-layer cell identity 1. N ^+N s l e ly defined by a

number in the range of 0 to 167, representing the physical-layer cell-identity

group, and a number ¾ in the range of 0 to 2, representing the physical-layer

identity within the physical-layer cell-identity group. Detecting a PSS enables a UE

116 to determine the physical-layer identity as well as a slot timing of the cell

transmitting the PSS. Detecting a SSS enables the UE 116 to determine a radio frame

timing, the physical-layer cell identity, a cyclic prefix length as well as the cell uses

ether a frequency division duplex (FDD) or a time division duplex (TDD) scheme.

[82] FIGURE 6 illustrates an example structure for a CRS RE mapping 600 according to

embodiments of the present disclosure. An embodiment of the CRS RE mapping 600

shown in FIGURE 6 is for illustration only. Other embodiments may be used without

departing from the scope of the present disclosure.

[83] To assist cell search and synchronization, DL signals include synchronization signals

such as a primary synchronization signal (PSS) and a secondary synchronization signal

(SSS). Although having the same structure, the time-domain positions of the synchro

nization signals within a sub-frame 610 that includes at least one slot 620 differs

depending on whether a cell is operating in frequency division duplex (FDD) or time

division duplex (TDD). Therefore, after acquiring the synchronization signals, a UE

determines whether a cell operates on the FDD or on the TDD, and a subframe index

within a frame. The PSS and SSS occupy the central 72 sub-carriers, also referred to as

resource elements (REs) 650, of an operating bandwidth. Additionally, the PSS and

SSS inform of a physical cell identifier (PCID) for a cell and therefore, after acquiring

the PSS and SSS, a UE knows the PCID of the transmitting cell.

[84] FIGURE 7 illustrates an example carrier aggregation scheme on licensed and un

licensed spectrum 700 according to embodiments of the present disclosure. An em

bodiment of the carrier aggregation on licensed and unlicensed spectrum 700 shown in

FIGURE 7 is for illustration only. Other embodiments may be used without departing

from the scope of the present disclosure.

[85] A possible deployment scenario for LAA is to deploy an LAA carrier as a part of a

carrier aggregation scheme, where the LAA carrier is aggregated with another

carrier(s) on a licensed spectrum as illustrated in FIGURE 7. In a conventional scheme,



carrier(s) on the licensed spectrum 710 is assigned as a PCell and carrier(s) on the un

licensed spectrum 720 is assigned as a SCell for a UE 730. FIGURE 7 shows an

example where the LAA cell comprises of a downlink carrier with an uplink carrier.

Since there may be other RATs operating on the same unlicensed frequency spectrum

as the LAA carrier, there is a need to enable co-existence of other RAT with the LAA

on an unlicensed frequency spectrum. A carrier sense multiple access (CSMA) may be

applied, for example before a UE or an eNB transmits. In the CSMA operation, the UE

or the eNB monitors a channel for a predetermined time period to determine whether

there is an ongoing transmission in a channel. If no other transmission is sensed in the

channel, the UE or the eNB may transmit data. If there is other transmission in the

channel, the UE or the eNB postpones a transmission. Hereafter, the term LAA device

may refer to an eNB or a UE operating on an LAA carrier.

[86] FIGURE 8 illustrates an example TDM transmission pattern of an LTE-U downlink

carrier 800 according to embodiments of the present disclosure. An embodiment of the

TDM transmission pattern of an LTE-U downlink carrier 800 shown in FIGURE 8 is

for illustration only. Other embodiments may be used without departing from the scope

of the present disclosure.

[87] As illustrated in FIGURE 8, an LAA carrier is ON (such as 820, 830) for a period P-

ON and is OFF 840 for a period P-OFF. When the LAA carrier is ON, LTE signals are

transmitted including at least one of a primary synchronization signal (PSS), a

secondary synchronization signal (SSS), a common reference signal (CRS), a de

modulation reference signal (DMRS), a physical downlink shared channel (PDSCH), a

physical downlink control channel (PDCCH), an enhanced physical downlink common

channel (EPDCCH), a channel status indication-reference signal (CSI-RS), or com

binations thereof. However, when the LAA carrier is OFF, LTE signals are not

transmitted.

[88] The ON periods 820, 830 (or maximum channel occupancy time) have a maximum

duration as defined by regulation (such as 10ms). The length for P-ON periods 820,

830 are adjusted or adapted by the scheduler of the LAA according to a buffer status or

a traffic pattern at the LAA carrier and a co-existence metric requirement or target.

WiFi APs or other RAT transmitters utilizes the P-OFF period 840 for transmissions

since the period 840 is free from LAA interference.

[89] If a listen-before-talk (LBT) protocol is applied, there is an idle period after the end

of channel occupancy (such as a frame-based equipment). For example, a minimum

idle period (such as 5%) of the channel occupancy is specified. The idle period

includes a clear channel assessment (CCA) period towards the end of the idle period

where carrier sensing is performed by a UE. The LBT protocol is defined for a load-

based equipment.



[90] Discovery reference signals (DRS) or discovery Signals (DS) is transmitted by an

LTE cell on an unlicensed spectrum. The DRS comprises physical signals such as PSS,

SSS, CRS and CSI-RS, if configured. The purposes or functions of the DRS for the

LTE cell on an unlicensed spectrum include, but are not limited to, discovery of the

LTE cell, synchronization to the LTE cell, and RRM and CSI measurements of the

LTE cell. Hereafter, the term LAA device refers to an eNB or a UE operating on a

LAA carrier.

[91] A network can configure a UE to measure multiple cells to generate signal quality

measurements such as reference signal received power (RSRP) and/or reference signal

received quality (RSRQ) of each cell for the purpose of radio resource management

(RRM). Currently, a UE reports measurement results to a network when a reporting

criterion is met, for example, a measurement reporting can be triggered when a RSRP/

RSRQ value is greater than a threshold that can be configured by the network. This

measurement framework can be very efficient since these measurements are based on

the always-on transmission of channels and RS (e.g. DRS) utilized for channel mea

surement and corresponding reports. However, unlike for a licensed carrier, the a s

sumptions of the availability of signals for these measurements need to be revisited

considering LBT and other requirements on the unlicensed carrier.

[92] One major difference from scenarios considered when designing DRS in Rel-12 of

LTE system is that an LBT operation on unlicensed spectrum makes a strictly periodic

transmission of DRS not always possible. Instead, the DRS could be transmitted 'on

demand,' by a cell to increase the probability of successful transmission to meet RRM

measurement performance requirements. Similar to a channel status indicator (CSI), a

low duty cycle periodic DRS would be beneficial for LAA RRM to ensure sufficient

and reliable measurement opportunities. However, it needs to be evaluated under what

circumstances a UE may expect the transmission of the DRS, and whether it is peri

odically transmitted with a fixed interval or in an aperiodic manner, depending on the

channel access mechanism.

[93] An aspect related to how a network transmits discovery signals is what potential a s

sistance info would be needed for UE to detect the discovery signal on unlicensed

carriers. Extending DRS design to an LAA carrier, the network could utilize a

configured DRS measurement timing configuration (DMTC) as an opportunistic

detection/measurement window for a UE. In one example, during the measurement

window the UE would need to detect whether a cell was able to successfully access the

channel and transmit a DRS occasion. In such example, the probability of successful

DRS transmission for intra/inter-frequency multi-cell discovery and measurement may

be increased. There may be different alternatives for the transmission of DRS within a

DMTC window if LBT is applied to DRS.



[94] In some embodiments, DRS transmission may be used as the existing Rel-12 of LTE

system for the DRS and DMTC occasions. Within every periodic DMTC occasion, the

DRS is transmitted in the same fixed subframe. When an LBT is applied, an unlicensed

carrier may be successfully acquired before a start of the DRS occasion, otherwise a

cell does not transmit DRS.

[95] FIGURE 10 illustrates an example of a discovery reference signal (DRS)

transmission 1000 according to embodiments of the present disclosure. An em

bodiment of the DRS transmission 1000 shown in FIGURE 10 is for illustration only.

Other embodiments may be used without departing from the scope of the present

disclosure.

[96] As illustrated in FIGURE 10, the DRS transmission 1000 comprises an LAA cell 1

1005, an LAA cell 2 1010, and a WiFi AP 1015. The LAA cell 1 1005 transmits DRS

occasions 1006a, 1006b, 1006c based on a CCA threshold and following a fixed

backoff value (period). More specifically, the DRS occasions 1006a, 1006b, 1006c are

transmitted in a DMTC period 1007. However, the DRS occasion 1006c is dropped

due to an LBT protocol which may comprise the CCA threshold and the fixed backoff

value which are configured differently than a CCA threshold on backoff value for

transmissions containing data. Similarly, the LAA cell 2 1010 transmits DRS

occasions 1011a, 1011b, 1011c. More specifically, data is followed by each of the

DRS occasions 1011a, 1011b. The DRS occasion 1011b is dropped due to an LBT

protocol. The WiFi AP 1015 transmits traffics 1016a, 1016b, 1016c, 1016d, 1016e.

[97] In some embodiments, if the traffic on an unlicensed carrier is very light and

contention is very infrequent, then it is possible that the approach may be sufficient to

meet performance requirements with a sufficient number of DRS transmissions within

a configured measurement period. However, in such embodiments, the presence of

contention may be significantly impacted. In addition, a very large amount of overhead

may be incurred if a cell reserves a channel before a subframe where a DRS occasion

is configured, which is not beneficial from a system-level performance perspective.

[98] In such embodiments, transmission probabilities are improved with introducing

shorter periods for the DRS occasions (e.g. 20ms). However increasing the number of

DRS transmissions would also increase a potential overhead in a system which could

lead to additional congestion in the system. For example, although the performance re

quirement for RRM measurement only is for 1 L I measurement every 200ms, if the

DMTC period is increased from 40ms to 20ms, up to 10 DRS occasions may be

transmitted which, if all are successful after applying LBT, would be much greater

than required for UE measurement and reporting.

[99] In some embodiments, an eNB may attempt to transmit a DRS occasion every

configured DMTC period, subject to LBT. In such embodiments, the eNB may only



transmit the DRS occasion every subset of configured DMTC period (e.g. every

second or third DTMC period), subject to LBT. In such embodiments, a signaling may

be provided to a UE (using either higher or physical layer) indicating the DRS

transmission period relative to the DMTC period. For example a DRS transmission

pattern or period may be indicated to the UE by the eNB.

[100] In some embodiments, an eNB may transmit a DRS occasion in a subset of DMTC

periods based on a desired performance target, a UE measurement report, DRS

transmission history, or DRS transmission success probability. For example, the eNB

may configure the DMTC period of 20ms, and performance targets of a L I DRS mea

surement every 200ms. The eNB may attempt to transmit the DRS occasions subject to

LBT in every DMTC period until the eNB receives a successful DRS measurement

report from the UE within the current 200ms measurement window.

[101] After receiving the report, the eNB may decide to not transmit the DRS in

subsequent DMTC occasions within the measurement window if the performance re

quirement is successfully met. In addition the UE may not be required to measure

subsequent DRS transmissions after providing the DRS measurement report within the

measurement period (even if the eNB decides to continue to transmit DRS occasions

within the remaining DMTC periods in the measurement period). An advantage of this

scheme is the ability to maintain the same DRS transmission overhead while adapting

the DMTC period configured for a UE, e.g. 5 DRS transmissions every 200ms, despite

increasing the DMTC period from 40ms to 20ms, and reduce the measurement per

formance and complexity burden at the UE while meeting the desired performance re

quirement target.

[102] The behavior used by the UE for DRS measurement may be based on explicit

signaling or may be implicitly derived based on the DRS transmission history, a

configured DMTC period, a measurement period, and/or a performance requirement.

For example a UE may receive an indication from an eNB to suspend DRS mea

surement for a given time duration or number of DMTC periods. In one example, the

UE may autonomously suspend DRS measurement after successfully measuring a DRS

occasion within the configured measurement period. The UE capability for au

tonomous DRS measurement suspension may be configured by higher-layer signaling

or indicated as a UE capability. The eNB may activate or deactivate such capability

using higher layer signaling.

[103] Adapting the DRS measurement behavior may be applied to CSI measurement as

well as DRS measurement. In one example, 'one-shot' detection of DRS occasion is

supported, since PSS/SSS/CRS energy accumulation across DMTC is more com

plicated as the PSS/SSS/CRS may not be transmitted due to LBT requirement.

[104] In some embodiments, a periodic DMTC configuration is maintained for a DRS



transmission, but the DRS transmission within a DMTC occasion may be variable,

subject to LBT.

[105] FIGURE 11 illustrates another example of a DRS transmission 1100 according to

embodiments of the present disclosure. An embodiment of the DRS transmission 1100

shown in FIGURE 11 is for illustration only. Other embodiments may be used without

departing from the scope of the present disclosure.

[106] As illustrated in FIGURE 11, the DRS transmission 1100 comprises an LAA cell 1

1105, an LAA cell 2 1110, and a WiFi AP 1115. The LAA cell 1 1105 transmits DRS

occasions 1106a, 1106b, 1106c based on a CCA threshold and following a fixed

backoff value (period). More specifically, the DRS occasions 1106a, 1106b, 1106c are

transmitted in a DMTC period 1107. However, the DRS occasion 1106c is dropped

due to an LBT protocol which may comprise the CCA threshold and the fixed backoff

value which are configured differently than a CCA threshold on backoff value for

transmissions containing data. Similarly, the LAA cell 2 lqlO transmits DRS

occasions 1111a, 111lb, 1111c. More specifically, data is followed by each of the

DRS occasions 1111a, 1111c. The DRS occasion 111lb is dropped due to an LBT

protocol and the DRS occasion 111l c is moved due to the LBT protocol. The WiFi AP

1115 transmits traffics 1116a, 1116b, 1116c, 1116d, 1116e.

[107] In effect, a configured DMTC serves as an opportunistic detection/measurement

window for a UE. During a DMTC occasion, a UE would need to detect whether a cell

was able to successfully access a channel and transmit the DRS. The ability to vary a

subframe location within the DMTC for a given cell's DRS transmission increases the

probability of successful DRS transmission when several nodes are contenting sim ul

taneously. Depending on the LBT protocol, specifically a backoff mechanism, in

creasing a size of the DMTC window may allow for more transmission opportunities

for different contending cells than currently possible with the Rel-12 of LTE system

design.

[108] A configurable DMTC window can be considered to provide more network

flexibility for intra/inter-frequency RRM measurement. In one example the DMTC

window may be configured by RRC as part of the measurement object including one or

more carriers (including unlicensed carriers). In one example, the DMTC window may

be configured based on different measurement periods or DMTC periods. In another

example the DMTC window may be configured based on the LBT scheme and/or p a

rameters configured for DRS transmissions.

[109] In some embodiments, one potential issue is that PSS/SSS/CRS energy accumulation

across DMTC would be complicated for a UE (a number of hypotheses of PSS/

SSS/CRS locations increases exponentially with a number of DMTC windows); hence

it would be beneficial to support 'one-shot' detection of DRS independent of the DRS



transmission approach.

[110] As aforementioned, introducing shorter periods for the DRS occasions (e.g. 20ms)

could also be considered for DRS transmission. In one embodiment, a DRS could be

transmitted 'on demand,' by a cell to increase the probability of successful transmission

to meet RRM measurement performance requirements. For example, the DRS could be

transmitted at the start of an ON-duration, where data and the DRS are multiplexed.

Providing the DRS outside of the configured DMTC, for example in the first subframe,

provides additional benefits for obtaining time/frequency synchronization on an un

licensed carrier and CSI feedback.

[Ill] FIGURE 12 illustrates an example of an aperiodic DRS transmission according to

embodiments of the present disclosure. An embodiment of the aperiodic DRS

transmission 1200 shown in FIGURE 12 is for illustration only. Other embodiments

may be used without departing from the scope of the present disclosure.

[112] As illustrated in FIGURE 12, the aperiodic DRS transmission 1200 comprises an

LAA cell 1 1205 and a WiFi AP 1215. The LAA cell 1 1205 transmits periodic DRS

occasions 1206a, 1206b and aperiodic DRS occasion 1208 based on a CCA threshold

and following a fixed backoff value (period). More specifically, the DRS occasions

1206a, 1206b are transmitted in a DMTC period 1207 (e.g., periodic DRS occasions).

However, the DRS occasion 1206b is dropped due to an LBT protocol which may

comprise the CCA threshold and the fixed backoff value which are configured dif

ferently than a CCA threshold on backoff value for transmissions containing data. The

WiFi AP 1215 transmits traffics 1216a, 1216b.

[113] Since LAA transmission durations will be responsive to system traffic, a mea

surement period may also need to be adaptive and account for the underlying load

based equipment/frame based equipment (LBE/FBE) structure and LBT parameters.

For example, long-term averaging can help determine LAA suitability (e.g. to support

Scell act/deact). Long-term averaging could be based on the configuration provided by

the measurement object and is averaged across transmissions (period per frequency).

Short-term averaging can help LAA scheduling decisions to track the load per carrier.

Short-term (LI or MAC trigger) could assume one-shot detection (measurement period

is up to eNB implementation). Both long-term and short-term measurements may be

based on aperiodic and/or periodic measurement and reports.

[114] One possible enhancement is the support of RRM measurement based on a single

DRS occasion. Support of 'one-shot' DRS detection from a cell would be beneficial to

avoid the complexity of DRS detection based on multiple DRS occasions from the cell

due to the LBT requirement. For example, PSS/SSS energy accumulation across

DMTC would be complicated for a UE (a number of hypotheses of PSS/SSS locations

increases exponentially with a number of DMTC windows); hence it would be



beneficial to support 'one-shot' detection/measurement of DRS.

[115] In some embodiments, UE measurement reports based on a single DRS occasion can

be used to indicate a DRS misdetection event by the UE. For example, if a DRS is

detected in a DMTC occasion, RSRP/RSRQ can be reported, else there may not be a

report or a report with an invalid value or other measurement such as RSSI can be

reported. DRS can be used by the UE for synchronization as well, hence an eNB can

use this information in the eNB's scheduling decision, for example, the eNB may not

schedule the UE that missed the DRS, or only schedule such UE at a later subframe of

a DL transmission burst after the UE has the opportunity to perform synchronization.

[116] Traditionally, L I filtering and L3 filtering of measurements are performed at the UE

where the L I filtering is generally up to UE implementation while the L3 filtering can

be configured by a network assuming availability of an average measurement sample

value to L3 once every measurement period (e.g. 200ms for normal non-DRX

connected mode operation). However, DRS transmission based on an LBT and po s

sibility of misdetection by the UE can complicate the filtering operations and could

result in an eNB misunderstanding of the measurement report as the eNB is not aware

of the misdetection. A simpler measurement framework is to obtain measurement

results from single DRS occasions from the UE and it can be left to the network to

perform the required L I and L3 filtering.

[117] There may be some options for L I filtering at an eNB or UE. In one example, a fixed

measurement period (e.g., averaging is done over varying number of samples) is used.

In another example, a variable measurement period (e.g., averaging is done over fixed

number of samples) is used. In yet another example, no L I filtering (e.g. one-shot mea

surement) is used.

[118] It may be noted that a network can easily construct short-term or long-term RRM

measurement based on 'one-shot' measurements. In addition, a UE may be configured

with a single or multiple measurement periods to support both long-term and short-

term RRM measurement.

[119] One advantage of performing cell/transmit point (TP) detection using a CSI-RS is the

ability to measure many cells reliably in a short time window (due to high reuse factor

of CSI-RS and zero power CSI-RS (ZP CSI-RS) configurations by neighboring cells).

However without coordination between cells, it may be difficult to achieve m ul

tiplexing of CSI-RS resources between cells on an unlicensed carrier such that this

property can be maintained. It is also possible to consider a modified DRS for a cell

discovery and RRM measurement to support one-shot detection of the DRS and

different LBT operation.

[120] Due to the properties of the DRS design, namely the short duration and support for

multiplexing of the transmissions serving and neighboring cells within the mea-



surement window, the LBT design for DRS transmissions is one example where a

different LBT design/configuration may be considered relative to the design used by

the data transmissions.

[121] For example, when contention is performed for a DRS transmission, a separate single

fixed backoff value (e.g. distributed coordination function inter-frame space

(DIFS)-like) may be utilized instead of a randomly generated value, to give priority to

DRS over other transmissions including WiFi and LAA data transmissions which may

utilize a different backoff value(s). In addition, since DRS transmission is subject to

RRM performance requirements, exponential backoff mechanisms may not be suitable

since the exponential backoff mechanism can lead to large variability in the

transmission timing depending on the system load. Instead, linearly scaling the backoff

and enforcing a maximum value on the backoff counter could be utilized to restrict

potential DRS transmission within a measurement window. When data and DRS need

to be transmitted, it can be up to the eNB to multiplex them in a single ON duration,

transmit separately, or drop the DRS transmission.

[122] In addition, a reuse- 1 operation seems to have a clear benefit to support cell-

discovery and RRM. This is especially true in the case of inter-frequency mea

surement, since reducing an amount of time a UE needs to spend tuned to non-serving

carriers to obtain sufficient measurements is important. For example, one of the

benefits of a DRS design introduced in Rel-12 of LTE system is to allow a network to

coordinate transmissions of dormant cells to occur within the same DMTC window

configured for a UE. However, if due to LBT, neighboring cells are contending for a

channel to only transmit DRS, RRM measurements may be dispersed in time, which

may lead to a decrease in RRM performance and potentially unnecessary system inef

ficiency.

[123] In addition, the LAA-LAA coexistence mechanisms such as backoff counter coor

dination and CCA threshold adaptation may be suitable for this use case due to the

fixed structure of the DRS and short duration.

[124] In some embodiments, coordination between transmitters in the selection of the

random backoff counter is used as part of an LBT procedure. For example, if

neighboring LAA nodes are selected or allocated the same value for the backoff

counter during a CCA period, the transmission of neighboring LAA nodes would

overlap upon the counter fully decrementing. The coexistence procedure would still

need to be maintained by each node individually, since the transmission of a given

node would still require the CCA as measured at the node to indicate a clear channel.

[125] In some embodiments, by configuring a different (in one example, higher, in another

example, lower) CCA threshold for transmissions of DRS by LAA cells than for other

data transmissions or for transmissions of other detected RATs, increased channel



reuse could be obtained for the DRS transmissions of neighboring LAA cells. The

CCA threshold could be utilized, for example during the configured DMTC window or

DRS occasion transmission, while another threshold is used otherwise, for data trans

missions in one example. If the LBT procedure for the DRS transmission succeeds, the

UE would receive and measure the DRS transmission based on the CCA threshold

following the fixed backoff period.

[126] In the legacy LTE system, RSRP, RSSI and RSRQ are specified and only RSRP and

RSRQ can be reported to eNB by a UE. RSSI can serve as a metric for interference and

it is possible to infer RSSI from RSRP and RSRQ reports. However, if an LAA mea

surement signal is not transmitted on a carrier, RSRP and RSRQ reports would not be

available for the carrier. For LAA, potential interference measurement enhancements

such as extending the existing measurement procedure to include UE RSSI reports may

be beneficial.

[127] In one example, when a DRS is transmitted within a measurement window (e.g. if

the measurement window is configured as an LAA DMTC), a UE may report RSRP,

RSRQ, and/or RSSI. Inside a DRS occasion, if the DRS occasion is missed (e.g. due to

LBT), only the RSSI may be valid. Outside DRS occasion (e.g. outside DMTC), RSSI

measurement may be useful for a channel selection (such as inter-frequency) and a

hidden node detection (such as intra- frequency).

[128] The definition of RSSI measurement on an unlicensed carrier can be different in

cases of measurement with/without the presence of the DRS. For example, how/

whether to provide time restrictions or measurement time-line information would

impact proper interpretation of the report by the network. In addition, a triggering

mechanism for RSSI reports may be considered, especially for measurement on a non-

serving carrier.

[129] In one example, a time/frequency measurement restriction for a first type of RSSI

measurement including subframes, where a DRS occasion is transmitted, may be

indicated/configured to a UE and a second time/frequency measurement restriction in

dication not including subframes, where a DRS occasion is transmitted, may be

indicated/configured for a UE. In addition, the measurement and reporting periods, and

triggering conditions may be configured independently between the different RSSI

measurement types.

[130] FIGURE 13 illustrates an example of a received signal strength indicator (RSSI)

measurement 1300 for high-load downlink and uplink WiFi traffic according to em

bodiments of the present disclosure. An embodiment of the RSSI measurement 1300

shown in FIGURE 13 is for illustration only. Other embodiments may be used without

departing from the scope of the present disclosure.

[131] AS shown in FIGURE 13, the received signal strength indicator measurement 1300



comprises a UE RSSI 1305 and a time 1310. As shown in FIGURE 13, the RSSI

observed at a typical UE over 1 second (sec) with a measurement averaging granularity

or measurement time unit (MTU) of 0.08 millisecond (ms) is provided. As shown in

FIGURE 13, an MTU size has a significant influence in capturing the rapid fluctuation

of the RSSI, due to the bursty nature of a traffic model. For example, WiFi ACK

duration can typically be less than 100 microsecond (µ ). On the other hand, for a

lms-5ms averaging granularity may have sufficient fidelity for estimating the overall

load of the carrier over a longer-term period. Therefore, it is important that if RSSI is

useful in detecting hidden nodes, the MTU duration may roughly be of the same order

as the minimum transmission granularity.

[132] In one example, if the existing 6ms measurement gap is applied for RSSI mea

surements, the maximum averaging granularity of the MTUs may be constrained

within the period (e.g., 6ms measurement gap). In another example, one or more LTE

OFDM symbols can comprise MTU duration. In yet another example, one or more

CCA slots (e.g. 9 ) may comprise MTU duration (e.g. 8 CCA slots = 72 MTU

size). Additionally, a maximum number of consecutive MTUs which can be ag

gregated to produce an average RSSI measurement (e.g. 70 MTUs of 72 µ is ap

proximately a total of 5ms) may be comprised.

[133] To support hidden node detection, RSSI measurement reports along with time in

formation about when the measurements were made can be supported. An RSSI mea

surement timing configuration (RMTC) may indicate a measurement duration (e.g.

5ms) and period between measurements (e.g. 40/80/160ms etc.). In order to provide

flexibility to measure a variety of scenarios, the RMTC may be independently

configured from the DMTC. For example, it seems beneficial to avoid RSSI mea

surement during transmission occasions from the serving eNB (e.g. DRS within the

DMTC).

[134] The measurement period (e.g., duration) may consist of periodic measurement "gaps"

to support inter-frequency measurement with or without a measurement gap con

figuration, depending on the UE capability.

[135] Multiple types of RSSI measurements and/or reports may also be supported. For

example measurements of average RSSI and channel occupancy (e.g., percentage of

time that RSSI was above a threshold) can be supported for an LAA. To support the

reporting of channel occupancy, multiple MTUs may be considered within the

indicated measurement period. A length of the period, and thus a number of MTUs

utilized may depend on multiple factors, including the desired latency of the mea

surement report and whether the RSSI measurements are being used for initial channel

selection or hidden node detection periodically performed on an active LAA SCell.

[136] A straight- forward occupancy metric definition is provided as % of MTUs >



RSSI_Thresh, where the % of MTUs and RSSI_Thresh are fixed or configured by

higher layer (e.g. RRC signaling). In addition one or more thresholds or the % values

can be measured and reported. In one example, the individual measurement samples

may be reported. In another example, the individual samples may be compared to an

RSSI_Thresh and the result of the comparison is reported as a bitmap. In such

example, if the sampled RSSI value is larger than the threshold the bitmap value is set

to 1, otherwise it is set to 0. A network may further aggregated the values across MTU

samples and constructs one or more channel occupancy metrics or averaged RSSI

values if the absolute measurement value is also reported.

[137] In some embodiments, an RMTC configuration may comprise an MTU averaging

size = 5ms, a measurement gap interval of 40ms, a measurement period of 320ms, and

RSSI_Thresh = -82 dBm. The measurement period influences the granularity of the

reported occupancy metric value. In one example, a measurement period of 40ms relies

on only a single MTU averaging period and is thus a binary decision. However a mea

surement period of 480ms is based on 12 MTU averaging periods and the occupancy

metric granularity is 1/12. However, in order to accommodate network flexibility to

support different traffic load scenarios and measurement latency requirements, it may

be desirable for the measurement period to be configurable. In another example, it may

be beneficial to select the measurement period from a range similar to what can be

supported by the existing RRM measurement framework (e.g. multiples of 40ms up to

480 ms).

[138] For licensed carriers, a CSI reporting is periodic or aperiodic. However, for an LAA,

there are unique challenges for a network to acquire a timely CSI feedback. For

example, an RS utilized for CSI measurement may need to be transmitted with very

low density or is transmitted only opportunistically when an eNB successfully acquires

a channel satisfy regulatory requirements such as an LBT. If the eNB fails to access the

channel with sufficient frequency, a reported CQI, especially periodic CQI, could be

outdated and not useful for the network. The same also applies for interference mea

surements which may additionally need to be differentiated depending on the network

state as aforementioned in the previous section. Two examples of potential en

hancements are to extend a function of DRS for CSI measurement and to support

aperiodic CSI-RS transmissions without concurrent data transmissions.

[139] As aforementioned, an eNB may choose to transmit or not transmit DRS occasions

within a given DMTC period based on performance requirements, a past transmission

history, or system congestion considerations. In one example, a UE behavior to

measure or not measure CSI on the DRS may be based on the same explicit or implicit

mechanisms used for RRM measurement.

[140] In another example, an indication for a UE to measure CSI based on the DRS in a



given DMTC occasion may override UE behavior to skip DRS measurement in the

DMTC (e.g. due to previously providing a measurement report within the configured

measurement period). In yet another example, the UE may still skip RRM mea

surement in the DRS, while providing CSI measurement based on the DRS, or may

also provide the CSI and RRM measurement reports based on the detected DRS. In yet

another example, different signaling methods (e.g. physical vs. higher layer signaling)

may be utilized to control the UE RRM and CSI measurement behavior on DRS

occasions within DMTC periods respectively. The valid measurement periods for de

termining whether the UE can skip CSI or RRM measurement on subsequent DMTC

periods may also be configured independently.

[141] In addition, multiple potential LAA carriers may be configured for a UE which

exceed the CA capability (e.g. 10 20MHz carriers, for a UE with 2 CC capabilities on

5GHz band). In this instance, a scalable, efficient, and adaptive framework for CSI

measurement across the multiple carriers would be beneficial to support opportunistic

channel access and low latency for data scheduling based on up-to-date CSI feedback.

Furthermore, how CSI measurement is triggered and reporting conditions may be

different from the existing framework for licensed carriers. For example, the timing of

valid CSI reference subframes for channel measurements may be relative to the

availability of an ON duration or may be independent in the case of interference mea

surements. Mechanisms for the network to indicate resources for CSI measurement as

well as reporting conditions (e.g. measurement thresholds) are possible solutions to ac

commodate opportunistic channel access and dynamic interference levels.

[142] In order to support efficient data transmission on unlicensed spectrum and flexibility

to support different transmission modes (TMs) or schemes which are based on

different reference symbol combinations within one or more subframes of a DL data

burst, there is a need for an eNB to adapt one or more transmission parameters across

one or more subframes/data bursts such as a subframe structure, a transmission mode

or transmission scheme configuration, presence and configuration of physical signals

(e.g. CRS, CSI-RS, PRS, PSS, SSS, DRS), a transmission (signal) power level and/or

energy per resource element (EPRE) of one or more physical signals, a measurement

restriction configuration for RRM and/or CSI, a starting OFDM symbol index for

PDSCH, or PDCCH or control region duration.

[143] In some embodiments, adapting the transmission parameters within a data burst,

explicit dynamic signaling of one or more of the set of previously described parameters

may be provided to the UE. This is beneficial since reception of the explicit indication

allows the UE to appropriately perform demodulation, channel estimation, and mea

surement (CSI or RRM).

[144] In some embodiments, a new signaling design, a new DCI format (U-DCI), may be



defined to indicate the values of the signaled parameters, in addition to one or more of

the fields in one or more of the existing DCI formats, for example the resource a l

location fields (RA).

[145] In some embodiments, a U-DCI may contain dynamically adapted transmission p a

rameters and be a separate DCI format from one providing the legacy scheduling and

resource allocation parameters. In some embodiments, reserved values or joint coding

of fields in existing DCI formats may be used for signaling the parameters.

[146] In some embodiments of parameter signaling, the indicated parameters may be

indicated in a UE-specific manner (separate or the same DCI formats for DL a s

signment or UL grant). In some embodiments, the indicated parameters may be

indicated in a common control message (e.g. cell-specific or UE-group specific). For

example, the U-DCI may be transmitted in the common search space of the PDCCH or

other indicated common control region of the (E)PDCCH. In some embodiments, a

combination of UE-specific and common signaling may be utilized. This is beneficial

because certain parameters are typically UE-specific (e.g. configured TM or

transmission scheme) and others are common to all UEs in the burst (e.g. subframe

configuration).

[147] In one example, a U-DCI can be signaled in the same carrier as the target subframe

of U-DCI signaling. In another example, the U-DCI can also be signaled from another

serving cell (e.g. PCell or another serving cell from licensed band). In yet another

example, the U-DCI may be provided in every subframe. In yet another example, the

U-DCI may be provided in specifically indicated or predefined subframe(s) (e.g. once

per burst in the first subframe of the burst, or in subframes 0 and 5). In yet another

example, the U-DCI can be provided in any subframe or any subframe within a subset

of subframes. If the UE doesn't not detect the U-DCI but there is a DL transmission to

be received by the UE (e.g. via blind detection of transmission such as based on the

presence of CRS port 0 or port O&l), the UE assumes a default value or a default set of

values for the transmission parameters.

[148] In addition, certain parameters for one or more subframes may be provided within

the same U-DCI. For example, the subframe configuration/structure for the current

subframe may be provided in addition to adjacent subframes (e.g. U-DCI transmitted

in subframe t can provide the subframe configurations/structures for subframes

transmitted in TTIs t-1, t, and t+1, or in TTIs t and t+1, or in TTIs t-1 and t). This is

beneficial in cases where the UE may perform operations across subframes (e.g.

channel estimation, RRM measurement) and may need to utilize the subframe con

figuration information for the subframes, but does not require the UE to decode control

signaling for every subframe within a burst.

[149] When U-DCI is provided in a subframe, the first OFDM symbol of the subframe can



be used to carry U-DCI. This is suitable, for example if U-DCI is carried by PDCCH.

If U-DCI is carried by EPDCCH, a default or preconfigured EPDCCH PRB(s) can be

used to carry U-DCI.

[150] In some embodiments, certain subframes may have a fixed structure without the need

for utilizing explicit configuration signaling (e.g. subframes 0 and 5 with a normal DL

subframe structure). In these subframes, a UE may not need to attempt to decode a U-

DCI based on prior detection of the subframe index or subframe structure. In some em

bodiments, multiple U-DCI formats may be introduced depending on the subframe

index or network configuration. The U-DCI format(s) to be assumed for decoding at

the UE may be blindly detected or configured by higher layer signaling. In some em

bodiments, a minimum format size for the U-DCI may be supported by the different U-

DCI formats with a common set of parameters and can be first decoded by the UE

before the additional part of the U-DCI formats are detected based on signaling within

the U-DCI or by higher layer configuration of the supported U-DCI formats. In one

example, the parameters may be signaled in independent fields. In another example,

joint encoding of the parameters may be utilized where the sets of parameter com

binations are fixed or configured for the UE.

[151] A subframe structure can be indicated between different possible configurations, for

example a normal DL subframe (e.g. non-MBSFN subframes), an MBSFN subframe,

or other additional subframe structure (e.g. reduced CRS subframe, which can be

subframe with reduced number of CRS ports (e.g. only port 0) or with reduced number

of OFDM symbols with CRS (e.g. only the first OFDM symbol of the subframe); or

DwPTS structure/duration) which is supported by carriers operating on unlicensed

spectrum.

[152] In one example, an index could be signaled which indicates the configuration for the

subframe (or burst) as illustrated in Table 1. The mapping of the subframe structure

configurations to the indices could be fixed or provided by higher layer signaling (e.g.

RRC or SIB). When the subframe structure is indicated using a common signaling (e.g.

U-DCI) per burst (e.g. in the beginning of a DL transmission burst such as first TTI of

the burst) or per a time duration, the same subframe structure can be assumed for the

entire transmission burst.

[153]

[154]

[156] In another example, there can a bit field indicating the subframe structure of each

subframe within the DL transmission burst. In such example, if only two subframe



structures are defined (e.g. normal DL subframe and MBSFN subframe), there can be a

bitmap of 0s and Is, where each bit corresponds to a subframe of the burst can be

indicated to the UE.

[157] In yet another example, when the subframe structure is indicated using a common

signaling per subframe, joint coding can be done for the number of OFDM symbols for

PDCCH and the subframe type, for example, using PCFICH. Each CFI value can be

mapped to a combination of the number of PDCCH OFDM symbols and the subframe

type (e.g. MBSFN or non-MBSFN subframe). Examples of joint coding are shown in

Table l a and Table lb. Other examples are also possible.

[158]

[159] [Table la]

[160]

[161]

[162]

[163] In yet another example, the subframe structure such as the DwPTS/partial subframe

duration is indicated with U-DCI. The DwPTS/partial subframe duration indicated can

be one of the whole or subset of the range of values {3, 6, 9, 10, 11, 12, 14}. The U-

DCI signal value mapping to DwPTS/partial subframe is given in Table lc. In such

example, the U-DCI can be signaled using DCI format 1C, for example scrambled with

a common RNTI (e.g. a new RNTI or elMTA-RNTI can be reused). In such example,

the U-DCI can also be signaled using a PHICH resource configured by RRC.

[164] [Table lc]



Subframe structure (DwPTS partial subframe duration) (normal CP
U-DCI signal value

assumed)

0 3 OFDM symbols (symbol=0 - =2)

1 6 OFDM symbols (symbol#0 - =5)

2 9 OFDM symbols (symbol=() - =8)

3 10 OFDM symbols (symbol=0 - #9)

4 11 OFDM symbols (symbols) - =10)

5 12 OFDM symbols (symbols) - # 11)

6 14 OFDM symbols (symbol=() - =13)

7 (or more) Reserved

[166] In yet another example, the U-DCI information can be included in a UE-specific DCI

format, such as DL assignment or UL grant. The UE may use the U-DCI information

to determine if the target subframe of U-DCI signaling is the last subframe of a

transmission burst. When the UE may assume that the transmit power of CRS and/or

CSI-RS (EPRE) are the same per transmission burst but can be varied between two

different bursts, determining when the burst ends can assist UE in channel estimation

(e.g. for CRS based demodulation) and CSI feedback (e.g. whether the UE can assume

or use the CRS or CSI-RS of future subframe for channel interpolation or measurement

averaging with the CRS/CSI-RS of the current subframe).

[167] Upon receiving U-DCI that indicates duration shorter than 14 OFDM symbols, the

UE may assume that the target subframe of the U-DCI signaling is the last subframe of

the transmission burst. However, if the UE receives a U-DCI indicating 14 OFDM

symbols for subframe n, the UE may need to detect the presence of CRS port 0, or port

0+1 in subframe n+1 (e.g. first OFDM symbol) to determine if the target subframe of

U-DCI signaling is the last subframe of a transmission burst. In particular, subframe n

is indicated to be 14 OFDM symbols and if CRS port 0 or port 0+1 is present in the

first OFDM symbol of subframe n+1, the UE may assume that subframe n and n+1

belong to the same transmission burst; otherwise if subframe n is indicated to be 14

OFDM symbols and if CRS port 0 or port 0+1 is not present in the first OFDM symbol

of subframe n+1, subframe n is the last subframe of the transmission burst.

[168] In yet another example, when 14 OFDM symbol (full subframe is indicated), whether

the subframe is the last subframe of the transmission burst is also indicated in Table

Id. Alternatively, U-DCI transmitted in subframe n indicates the subframe structure

(full or DwPTS/partial subframe structure) in subframe n+1. In this case, 0 OFDM

symbol (DTX) can also be indicated for example as shown in Table le.

[169]

[170] [Table Id]



[171] U-DCI signal value Subframe structure (DwPTS duration) (normal CP assumed)

0 3 OFDM symbols (symbol=0 - =2)

1 6 OFDM symbols (symbol=() - =5)

2 9 OFDM symbols (symbol#0 - =8)

3 10 OFDM symbols (symbol=0 - =9)

4 11 OFDM symbols (symboK) - =10)

5 12 OFDM symbols (symbol#0 - # 11)

6 14 OFDM symbols (symbol=() - =13) & end of burst

7 14 OFDM symbols (symbol#0 - =13) & not end of burst

If U-DCI can indicate more
reserved

than 8 values

[172] [Table le]

[173] U-DCI signal value Subframe structure (DwPTS duration) (normal CP assumed)

0 0 OFDM symbol (DTX)

1 3 OFDM symbols (symbol=0 - =2)

2 6 OFDM symbols (symbol=0 - =5)

3 9 OFDM symbols (symbol=0 - =8)

4 10 OFDM symbols (symbol=0 - =9)

5 11 OFDM symbols (symbol=0 - =10)

6 12 OFDM symbols (symbol=0 - =11)

7 14 OFDM symbols (symbol=0 - =13)

If U-DCI can indicate more
reserved

than 8 values

[174] In yet another example, the U-DCI transmitted in subframe n indicates the subframe

structures (full or DwPTS/partial subframe structure) in subframe n and subframe n+1.

In such example, the U-DCI in subframe n can indicate a value according to Table l c

for subframe n and a value for subframe n+1 according to Table le. For certain cases,

if the current subframe/partial subframe is the last subframe of a transmission burst,

due to uncertainty of channel access, it may not be possible for the network to predict

the subframe structure of the next subframe. In this case, if U-DCI indicates < 14

OFDM symbols (full subframe) for the current subframe n (or full subframe but is the

last subframe), the bit field for the subframe structure of subframe n+1 is reserved (to

maintain the same control channel size or DCI format size), and the UE may not

decode it.

[175] In such example, alternatively, the bit field for the subframe n+1 is not present. The

U-DCI can be indicated from the LAA serving cell or can be indicated from another

serving cell, for example, PCell or another serving cell from licensed band.

[176] In yet another example, when the U-DCI is indicated from another serving cell, 0

OFDM symbol (DTX) can also be indicated as shown in Table le. If the UE is

indicated with the number of OFDM symbols less than 14 for subframe n, the UE



assumes subframe n is the last subframe of the transmission burst.

[177] U-DCI indicating subframe structure can be provided/transmitted in every DL

subframe (where transmission is allowed to occur e.g. subject to LBT) or it can be

provided specifically indicated or predefined subframe(s) (e.g. once per burst in the

first subframe of the burst, or in subframes 0 and 5). In one example, the U-DCI can be

provided in any subframe or any subframe within a subset of subframes. If the UE

doesn't not detect the U-DCI but there is DL transmission to be received by the UE

(e.g. via blind detection of transmission such as based on the presence of CRS port 0 or

port 0&1), the UE assumes a default value or a default set of values for the subframe

structure.

[178] In such example, if U-DCI is not detected, the UE may assume the current subframe

is a full subframe (14 OFDM symbols transmitted for normal CP). In such example, al

ternatively, the UE may assume that the current subframe as well as the next subframe

is full subframe. In such example, alternatively, the UE may assume that the next

subframe is a full subframe. The bit field indicating the subframe structure may contain

some reserved states that can be utilized to indicate new subframe structure (such as

new number of OFDM symbols) in a future LTE system.

[179] If a UE decodes the subframe structure to be of 'reserved' state (which can happen,

for example, if the UE is served by a base station that supports a future LTE system),

the UE may assume a default value (e.g. the default value can be the minimum OFDM

symbols). The UE may not be expected to be scheduled in the subframe since the UE

may not support operation based on the new number of OFDM symbols. Alternatively,

the UE considers the control signaling is not decoded correctly and discards the

signaling.

[180] A support of different transmission modes or transmission schemes may be a UE c a

pability and in addition a network may choose to only support or configure certain

transmission modes. This support or configuration may be fixed for a given network,

carrier, or could vary per transmission burst. In one example an indication of supported

or configured TMs, or transmission schemes could be semi-statically signaled to the

UEs (e.g. by RRC) or provided by system information. In another example, the

supported TMs or transmission schemes could be indicated to the UE in the U-DCI. A

dynamic signaling is beneficial because the dynamic signaling may provide a network

flexibility to schedule different UEs in one or more bursts based on their capability. As

with the subframe signaling, a set of indices may be mapped to different TMs (or

transmission schemes) or set of TMs (or transmission schemes) through UE-common

or UE-specific signaling. As shown in Tables 2, and Table 3A and 3B, different UEs

may be configured with different TM sets to index mapping based on a higher layer

configuration which can be further configured as part of the UE capability signaling.



[181]

[182] [Table 2]

[183]

[184]

[185]

[186]

[187]

[188] In yet another example, there can also be an index to indicate the support of all

transmission modes (e.g. TM1 - 10 defined in Rel-12 of LTE system) to allow for

network scheduling flexibility. Given the TM configuration indicated in the UE-

common or UE-specific signaling, the UE can then monitor for the DCI formats (DL

assignment or UL grant) corresponding to the TM configuration. The signaling of TM

or transmission scheme configuration can also implicitly indicate the presence of

certain physical signals or subframe structure, e.g. CRS. For example, if a CRS-based

transmission mode/scheme is indicated, then CRS is assumed to be present according

to the normal or non-MBSFN subframe structure (or equivalently, the subframe

structure is non-MBSFN).

[189] In some embodiments, in addition to an indication of a subframe structure, the

presence of different signals such as the CRS, CSI-RS, PRS, and/or PSS/SSS can be

indicated between different possible configurations. In one example, a UE may be

indicated the presence of subframes in one or more burst to assist in making CSI or

RRM measurements across subframes within a burst without requiring blind detection

of the signals. In addition, the signaling indicating the presence of CRS may also

indicate the number of ports, for example, in the U-DCI. In another example, the

signaling indicates a configuration of a physical signal such as a set of OFDM symbols

containing the physical signal. In such example, a DL TTI can always contain one

OFDM symbol with CRS (e.g. first OFDM symbol of the DL TTI) and the signaling

indicates if there are additional OFDM symbols or which additional OFDM symbols

are also mapped with CRS. A number of CRSs transmitted in the OFDM symbols may

additionally be indicated (e.g. CRS-port 0 or CRS-port 0+1).

[190] When the signal presence is indicated on subframe basis, it can be beneficial to



indicate the signal presence in the upcoming subframe (e.g. the next subframe),

therefore, the UE is enabled to efficiently utilize the physical signal of the next

subframe for signal processing for the current subframe (e.g., interpolation for CRS

based channel estimation). Moreover, the indication of physical signal presence can

also indicate a transmission mode or transmission scheme supported or configured for

the subframe(s) where the signaling is applicable. For example, if the CRS is indicated

to be present with RE mapping according to the normal subframe or non-MBSFN

subframe, the CRS based transmission modes or schemes are configured/supported;

and the UEs configured with CRS-based transmission modes/schemes are required to

monitor for the DCI formats for DL assignment; otherwise the UE does not need to

monitor for the DCI formats for DL assignment.

[191] Joint coding of a number of PDCCH OFDM symbols and the physical signal

presence can be done using a CFI that is similar to Table l a and Table lb and may be

extended for the CSI-RS as well, where the CSI-RS configuration may be indicated by

higher layers, while the U-DCI indicates whether one or more of the configured CSI-

RS are present in the subframe or transmission burst.

[192] The presence of PSS/SSS may be closely related to whether DRS (comprised of PSS/

SSS/CRS and optionally CSI-RS) is multiplexed with a DL transmission burst inside

or outside of a configured DMTC. In one example the presence of PSS/SSS may be ex

plicitly signaled. In another example, the signaling in the U-DCI may indicate whether

or not DRS is present in the subframe or burst, which implicitly indicates the presence

of PSS/SSS within the subframe(s) indicated by the DRS configuration (e.g. one or

multiple time positions for DRS transmission). Similar to the subframe structure

signaling, U-DCI transmitted in subframe n can indicate the presence/absence of PSS/

SSS or DRS in subframe n, or the U-DCI transmitted in subframe n can indicate the

presence/absence of PSS/SSS or DRS in subframe n as well as subframe n+1

(separately). In yet another example, U-DCI can indicate the presence of PSS/SSS or

DRS as well as the target subframe such as subframe n or subframe n+1.

[193] A UE on a licensed carrier may assume downlink cell-specific reference signal

energy per resource element (RS EPRE) is constant across the downlink system

bandwidth and constant across all subframes until different cell-specific RS power in

formation is received. The downlink cell-specific reference-signal EPRE can be

derived from the downlink reference- signal transmit power given by the parameter ref-

erenceSignalPower provided by higher layers. The downlink reference- signal transmit

power is defined as the linear average over the power contributions (in [W]) of all

resource elements that carry cell-specific reference signals within the operating system

bandwidth. However, since the eNB may wish to vary the transmission power across

subframes within a data burst or across bursts, the EPRE may not be constant across



those subframes and dynamic signaling of the parameters related to the RS power in

formation may be provided to the UE to assist in demodulation as well as for making

CSI or RRM measurements (e.g. RSRP).

[194] In some embodiments, a parameter referenceSignalPower may be indicated for a un

licensed carrier in the U-DCI or by system information message. For example, to dif

ferentiate to the parameter provided for licensed carriers a new parameter relevant for

unlicensed carriers can be indicated (e.g. referenceSignalPowerUnlicensed). In one

example, the absolute range of referenceSignalPowerUnlicensed may be different than

referenceSignalPower. In another example, a value of ref erenceSignalPowerUn

licensed may be indicated as an offset from referenceSignalPower. In yet another

example, an absolute value of referenceSignalPowerUnlicensed may be provided for a

reference carrier indicated by dynamic or higher-layer signaling, while the RS power is

indicated for the remaining carriers as an offset to the absolute power via referenceSig-

nalPowerUnlicensedOffset. In yet another example, a reference power ref erenceSig

nalPowerUnlicensed may be provided by higher-layer signaling (e.g. RRC), while the

RS power is dynamically indicated as an offset to the reference power via referenceS-

ignalPowerUnlicensedOffset (such that the actual reference power is given by ref er

enceSignalPowerUnlicensed (dBm) + referenceSignalPowerUnlicensedOffset (dB)).

[195] A UE can use the indicated reference signal power offset to adjust the RSRP

measured when compared against a configured triggering condition because a

triggering condition may have been configured based on zero power offset assumption.

In one example, if referenceSignalPowerUnlicensedOffset is signaled and applied for

CRS measured which produces a RSRP/RSRQ measurement, the measurement can be

adjusted according to RSRP (RSRQ) - referenceSignalPowerUnlicensedOffset to

produce an effective RSRP (RSRQ) to be evaluated for triggering condition. The UE

can still report the unadjusted RSRP (RSRQ) result, and a network can perform ad

justment to obtain the effective RSRP (RSRQ). In another example, the UE can report

the adjusted or effective RSRP (RSRQ) results. In yet another example, if the UE

wants to average the RSRP/RSRQ measurement for CRS measured with different CRS

power level applied, the UE can utilize the CRS power level indicated to perform ap

propriate averaging. In such examples, if the average received signal power measured

at the UE for two separate measurements (RSRP1 and RSRP2) of which different

offsets (Offl and Off2) are indicated is given by (RSRP1 +Offl + RSRP2 + Off2)/2.

[196] In some embodiments, a reference for the RS signal power in a data burst may be a

DRS transmission on one or more unlicensed carriers. For example, the parameter ref

erenceSignalPower provided by RRC signaling may be the transmission power of the

DRS on the given carrier and may alternatively be provided in a separate parameter

such as referenceSignalPowerDRS (which may be semi- statically configured by RRC)



and referenceSignalPowerUnlicensedOffset indicates the reference signal power within

the transmission burst, relative to the DRS transmission power. The reference signal

power may also be different for serving cell measurements or for neighboring cell

measurements of the same or different operator. In one example, in addition to refer-

enceSignalPowerUnlicensed( Offset), referenceSignalPowerUnlicensed-

Neighbor( Offset) may also be configured by the network. In such example, the ad

ditional parameter may only apply to DRS transmissions or may additionally apply to

the transmission bursts containing PSS/SSS/CRS from neighbor cells which are

transmitted within a configured DMTC.

[197] The transmission power of the DRS may be constant or varied depending on the

number of carriers which are utilized for DRS transmission simultaneously. Due to

regulatory or implementation constraints a total power constraint may be enforced

which can mean for example if 4 carriers are utilized for the DRS transmission, the

power utilized per carrier is one-fourth of the power which could be utilized for DRS

transmission on a single carrier.

[198] In one embodiment, a constant DRS transmission power is utilized which is the

power utilized when the maximum number of carriers are simultaneously utilized. For

example, if a total of 4 carriers can be simultaneously utilized, the DRS transmission

power is indicated to be 1/4 of the total power whether or not all the carriers are

actually used for a given DRS transmission. This is beneficial because the UE is

allowed to know the reference signal power of the DRS every DMTC until the next

configuration update (e.g. if provided by RRC or SIB). However, it may not be

desirable because a coverage mismatch of the DRS and data burst may occur if the

data burst used the full transmission power allowed on a carrier when fewer than the

maximum number of aggregated carriers for DRS are utilized.

[199] In another embodiment, a number of carriers utilized for DRS transmission may be

indicated every DRS transmission occasion or every multiple number of DRS

transmission occasions or every certain time period. If a UE is configured with a

maximum DRS power level, the power per carrier can be derived assuming equal

power sharing between the indicated carriers.

[200] In yet another embodiment, multiple values of the DRS power level may be

configured and/or signaled which implicitly indicate the number of carriers utilized for

a given DRS occasion. In addition to assisting in demodulation and measurements at

the UE, the DL reference signal power level, of the DRS for example, may be

beneficial for UL transmission on an unlicensed carrier if supported. For example, the

transmit power control used by the UE for UL transmissions may be based on the

measured path loss (PL) based on DL signals such as the DRS. However, the UE needs

the explicitly or implicitly indicated DRS power as a reference to determine the PL



which is the relative difference between the indicated Tx power and the UE measured

Rx power.

[201] As aforementioned, the indicated parameters may be for the same subframe as the

explicit signaling (e.g. U-DCI, or a control channel transmitted in the DRS subframe)

or may also include the reference power for the previous or subsequent subframe(s). In

addition the reference power may be the absolute value or may be a differential value

relative to a reference power provided in the U-DCI or a higher-layer configured

parameter.

[202] For demodulating data transmissions, especially in the case when a quadrature

amplitude modulation (QAM) is utilized, the relative power between reference and

data signals may be known at a UE. The ratio of PDSCH EPRE to cell-specific RS

EPRE among PDSCH REs (not applicable to PDSCH REs with zero EPRE) for each

OFDM symbol is denoted by either a or p^which are UE-specific. On a legacy

carrier, the applicability of and p^varies within a subframe on a per-symbol basis

and OFDM symbol indices within a slot where the ratio of the corresponding PDSCH

EPRE to the cell-specific RS EPRE is denoted by either or p ^is known at the UE

based on the symbol index, a number of antenna ports, and a CP size.

[203] The relation of p^to the absolute EPRE is given by PA which is also configured by

higher layers. The ratio of a and p^is indexed by PB, a cell-specific parameter PB

signaled by higher layers, and a number of configured eNodeB cell specific antenna

ports.

[204] In some embodiments, the values of PA and PB may be dynamically indicated to the

UE instead of configured by the higher layers. For example PA and PB may be signaled

in the U-DCI; this is beneficial as the UE (configured with a CRS based transmission

mode) may need to be aware of PA and PB for CRS based CSI measurement even

though the UE may not be scheduled in the measurement subframe.

[205] In one example, PA and PB may be signaled in the DCI formats for DL assignment;

this is beneficial if the UE (configured with a CRS based transmission mode) is only

required to measure CRS based CSI in the subframe where it is also scheduled with

DL assignment, or if the UE uses the dynamically signaled PA and PB for demodulation

purpose, but not for CSI measurement purpose. In such example, the PA and PB

assumed by the UE for CSI measurement are still given by higher layer configuration.

[206] In another example, PB may be signaled in the U-DCI and PA may be signaled in the

DCI formats for DL assignment. In yet another example, PA may be signaled in the U-

DCI and PB may be signaled in the DCI formats for DL assignment. In yet another

example, PA may be configured by higher layer signaling while PB may be dynamically



indicated. In yet another example, PB may be configured by higher layer signaling

while PA may be dynamically indicated (e.g. in DCI format for DL assignment). This is

beneficial since PB may not need to be dynamically configured even though the

absolute EPRE value (PDSCH and/or CRS) can be dynamically changed while PA may

need to be dynamically changed to enable dynamic power control of PDSCH.

] For dynamic indication of PA of a subframe (subframe n), it can also be beneficial to

indicate also the ratio of the PDSCH EPRE of subframe n and the next subframe

(subframe n+l)'s CRS EPRE, so that the UE can utilize the CRS of subframe n+1, for

example channel estimation purpose. In addition, the ratio of the PDSCH EPRE of

subframe n and the previous subframe (subframe n-l)'s CRS EPRE for similar reason.

It may be noted that in the case of CSI-RS, the EPRE ratio is indicated based on the

value P and the previous alternatives may also be used to dynamically indicate the

value. The value P (or offset with respect to a configured reference value) can be

included in the DCI format requesting the corresponding CSI feedback and the Pc . It

may be noted that the range of the values of PA, P B, and Pc can be different and in

dependent from the values configured for carriers on licensed spectrum.

] In addition, one or more possible values of the ratio of P and p may be fixed or

configured by higher layer signaling which are independent from the values of the ratio

which are used on a licensed carrier. The ratio may be indicated dynamically with the

explicit signaling which may correspond the absolute value of the ratio or an index

mapped to a higher layer configuration of one or more ratios as shown in Table 4.

]

As aforementioned, on a legacy carrier the OFDM symbol indices within a slot of a

non-MBSFN subframe where the ratio of the corresponding PDSCH EPRE to the cell-

specific RS EPRE is denoted by a or p ^.requires the UE to know the symbol index, a

number of configured antenna ports, and a CP size. If the number of antenna ports and

CP size can be signaled to the UE (by dynamic or higher-layer signaling) or implicitly

determined by the UE (e.g. based on subframe structure or RS presence detection) the

UE may apply the fixed or configured mapping as given in Table 5.

[Table 5]



OFDM symbol indices within a slot OFDM symbol indices within a slot
where the ratio of the corresponding where the ratio of the corresponding

Number of PDSCH EPRE to the cell-specific RS PDSCH EPRE to the cell-specific RS
antenna EPRE is denoted by p EPRE is denoted by p

ports
Normal cyclic Extended cyclic Normal cyclic Extended cyclic

prefix prefix prefix prefix
One or two 1. 2. 3. 5. 6 1. 2. 4 . 5 0. 4 0. 3

Four 2. 3. 5. 6 2 . 4. 5 0. 1. 4 0. 1. 3

[215] In some embodiments, a UE may be indicated directly by a set of OFDM symbol

indices corresponding to a or or may be indicated an index to given set of OFDM

symbol indices with the set fixed or configured by higher layer signaling as shown in

Table 6.

[216] [Table 6]

[217]

[218]

[219] In some embodiments, a UE may just be indicated by a set of indices for or P

and assume that any indices not indicated are applicable for the other value. For

example a UE signaled with a set of indices {1, 2, 3, 5, 6 } for assumes that {0, 4 }

are the valid indices to apply . It is noted that signaling of PA and/or PB can be

optional and depend on whether the target subframe or burst for which the signaling is

applied is scheduled with UEs with CRS based transmission modes or not.

[220] In some embodiments, a UE may report the reference power and or EPRE a s

sumption utilized when performing RRM and/or CSI measurement. This may be

beneficial in the case where due to AGC, missed detection of power signaling,

neighbor cell measurements, or other UE implementation aspects, there may be a

potential mismatch between the UE and eNB assumptions regarding the transmission

power related parameters.

[221] Additionally, multiple CSI-RS can be transmitted within a given RRM or CSI mea

surement window (e.g. DMTC). For example, CSI-RS may be transmitted for channel

and interference measurement within a data burst at least partially contained inside the

DMTC. CSI-RS may also be transmitted within a data burst containing DRS for the

purpose of channel measurement, interference measurement and/or RRM mea

surement. In this case, the one or more instances of the CSI-RS transmissions may

have different power levels. However, for CSI-RS transmitted with DRS occasions,

within the DMTC the EPRE can be kept the same as the CSI-RS configured for RRM.

The benefit of this approach is that it allows reuse of CSI-RS resources for both RRM



and CSI measurement. This can also apply when multiple CSI-RS are transmitted

within the same downlink data transmission burst outside of the DMTC.

[222] A UE may be configured with one or more measurement restriction patterns for

RRM and CSI measurements which indicate subframes where the UE is allowed to

perform the configured measurements. A semi-static pattern may be beneficial for a

licensed carrier due to signaling efficiency, however on an unlicensed carrier, due to

variable channel access opportunities subject to LBT and more dynamically fluctuating

interference scenarios, it is desirable to indicate the measurement restriction config

urations on a per-burst or even per- subframe basis. In one example, the U-DCI may

indicate for corresponding subframe whether a measurement restriction(s) of a given

type is applied. In another example the U-DCI may indicate for a corresponding

transmission burst which subframes correspond to a given measurement restriction

configuration/type. This indication may include a signaled pattern (e.g. bitmap corre

sponding to the subframes in the burst) or may be an index for one or more configured

patterns (e.g. patterns 0 and 1 are configured a subframe bitmaps by RRC, and the U-

DCI indicates an index corresponding the pattern 0 or pattern 1).

[223] In some embodiments, control information of transmission parameters can be carried

using a PHICH or PHICH-like physical channel on an unlicensed carrier. A

transmission parameter can be mapped/configured (by RRC) to a PHICH resource

(identified by the index pair ( g p ) where g o p s e PHICH group
PHICH PHICH PHICH

number and n orthogonal sequence index within the group), and there can

be 2 or up to 8 possible configurations for each PHICH resource (3-bit codeword per

resource). One or more PHICH group numbers and one or more the orthogonal

sequence indices within the group to be detected/received by the UE can be configured

by RRC, e.g. as part of LAA SCell configuration.

[224] In some embodiments, control information of transmission parameters can be carried

by reusing the bit field for "UL/DL configuration" with DCI format 1C, where the

CRC is scrambled with an enhanced interference mitigation traffic adaptation-RNTI

(eimta-RNTI) or a new RNTI. In one example, the "UL/DL configuration" field is

reused to indicate subframe structure, e.g. as in Table l c or Table Id or Table le. A U-

DCI can be transmitted in each LAA SCell configured, for example, a common search

is configured for each LAA SCell (with eimta-UL-DL-ConfigIndex=l). Alternatively,

the U-DCI is transmitted from a serving cell from a licensed band, or from a PCell, or

from a serving cell configured with a common search space. An eimta-

UL-DL-Configlndex can be extended from Rel-12 value range ( 1. . .5) of LTE system

to enable signaling for more SCells.

[225] Many of the aforementioned signaling may be valid on a per-subframe or per-DL



transmission burst basis. In the case where the signaled transmission parameters are

varying across bursts, it may be important for the UE to determine whether two

different transmissions from the same cell are contained within the same transmission

burst, or are part of a different transmission burst. In one example, a UE may

determine whether subframes are belonging to the same burst based on a time-

continuous detection and measurement of the transmissions of a cell. If maximum

burst duration is also fixed, a UE may determine any subframes received with a greater

latency than the maximum duration may correspond to different bursts. In another

example, a network may provide assistance to the UE making the determination. In yet

another example, a burst index may be provided by explicit or implicit signaling (e.g.

U-DCI). In yet another example, maximum burst duration may be indicated to the UE

(by higher-layer or physical layer (e.g. U-DCI) signaling.

[226] In some embodiments, parameters may be implicitly derived at the UE for d y

namically adapting the transmission parameters within or across DL data bursts. In one

embodiment, a scrambling utilized on the reference signals such as the CRS and/or

CSI-RS may indicate one or more parameters or combination of parameters. For

example, in Rel-8-12 of LTE system, the CRS sequence r defined in ac

cordance with equation (1):

OT = ( _ 2 . (2OT )) + - ( - 2 -c ( 2 + 1) m=0,\,...,2N^ ' -
V2 V2

[228] where n is the slot number within a radio frame and is the OFDM symbol

number within the slot. The pseudo-random sequence defined in the speci

fication of LTE system. The pseudo-random sequence generator may be initialized in

accordance with equation (2):

n = 2 1 · (7 · (n + 1) + / + 1) ·(2 · + 1) + 2 · + N 2>

[230] The equation (2) is defined at the start of each OFDM symbol, where

1 for normal CP
C =

0 for extended CP

[231] In one embodiment, transmission parameters can be implicitly determined by „

(instead of indicating the slot number as per Rel-8-12 of LTE system). For example,

n can be used to indicate the subframe type as shown in Table 7a and Table 7b. Other

choices of values used for mapping to configuration information are also possible.

Since subframe type can be applied to both slots of a subframe, one „ value is applied

to both slots of the subframe. When the UE needs to determine the subframe type of a



DL subframe, the UE blindly detects the „ value of the subframe to determine the

subframe type (e.g. according Table 7a or Table 7b).

[232]

[233]

[234] [Table 7a]

[236]

[237]

[238] In one example of Table 7a, since CRS is present in the first OFDM symbol for all

the subframe types, a UE can uses the CRS of the first OFDM symbol for the detection

purpose. Since the subframe type is determined by the presence of CRS in the other

OFDM symbols, the UE can still blindly detect the presence of CRS in the other

OFDM symbol locations to confirm the UE's blind detection result. In another

example, the UE can utilize blind detection of CRS signal presence in the OFDM

symbols as well as blind detection of jointly to determine the subframe type. Such

operation can also be performed based on, for example, Table 7b. In such example, the

CRS may not be present in the first part of a subframe because of partial subframe (e.g.

transmission occurs from the 2nd slot of a subframe).

[239] A UE can perform the blind detection every subframe of a DL transmission burst if

the subframe type can change every subframe, which provides more flexibility for a

network at the cost of increased UE blind detection. If the network maintains the same

subframe type for the whole of transmission burst, the UE can perform such blind

detection only one time during the burst (e.g. in the first subframe of the burst);

however, the UE may still perform detection in more than one times during the burst to

confirm the detection result and to improve detection reliability.

[240] Table 8a and Table 8b show some examples of using n to indicate the support or



configuration of transmission mode and transmission scheme for a subframe, re

spectively. Since support of transmission mode/scheme is applied to both slots of a

subframe, one value is applied to both slots of the subframe. When a UE needs to

determine the transmission mode/scheme configured/supported of a DL subframe, the

UE blindly detects the n value, for example according to Table 8a or Table 8b.

Design principles described for subframe type indication can be reused for

transmission mode/scheme indication and further description is omitted here for

brevity.

[241]

[242] [Table 8a]

[243]

[244] [Table 8b]

[245]

[246] Table 9a and Table 9b show some examples of using „ to indicate the CRS and

CSI-RS signal presence for a subframe, respectively. Other physical signals can also be

indicated using the same scheme. One value is applied to both slots of the

subframe. When a UE needs to determine the physical signal presence of a DL

subframe, the UE blindly detects the n value, for example according to Table 9a or

Table 9b. can also jointly indicate the presence of CRS and CSI-RS as shown in



Table 9c. Design principles described for subframe type indication can be reused for

CRS/CSI-RS and further description is omitted here for brevity.

[247]

[248] [Table 9a]

[249]

[250]

[251]

[252] [Table 9c]

[253]

[254]

[255] Table 10a and Table 10b show some examples of using „ to indicate the CRS

power level (EPRE dBm) and CRS power level offset (dB) with respect to a reference

signal power (e.g. configured by RRC or broadcast) for a subframe, respectively.

When a UE needs to determine the CRS power configured of a DL subframe, for

example, for RRM measurement or for determining UL transmit power as afore

mentioned above, the UE blindly detects the n value for example, according to Table



10a or Table 10b. Indicating the signal power with a parameter in the CRS scrambling

function has the benefit that RRM measurement of neighboring cells can be performed

more efficiently than the scheme involving decoding of a physical channel to obtain

the information.

[256] [Table 10a]

[257]

[258]

[259]

[260] Table 11a and Table 1lb show some examples of using „ to indicate PB and PA for

a subframe, respectively. If „ is used to indicate PB, for example according to Table

1la, PA can be indicated in the DCI format for DL assignment since PA is typically de

termined in a UE- specific manner. If η is used to indicate P
A,

for example according

to Table 1lb, PB can be indicated by higher layer signaling (e.g. RRC) or by a

broadcast message. In one example, there can be joint indication of PB and PA by n .

[261] [Table 11a]

[263] [Table lib]



n PA

0 -6dB

1 -4.77dB

2 -3dB

3 -1.77

4 0

5 1

6 2

7 3

8 reserved

1 resen'ed

Although the parameter n has been used to describe various examples of indication

above, other parameters can also be used without departing from the scope of the

invention. Other parameters used for CRS scrambling can also be reused for the

purpose of indicating transmission parameters if the original purposes of the p a

rameters are not necessary or beneficial, e.g. which is originally the OFDM symbol

number within the slot (scrambling randomization over time is not essential if e.g. cell

id based randomization is sufficient), and c p which is originally determined by the

cyclic prefix configuration (extend cyclic prefix is not beneficial for typical de

ployment scenarios of small cells; hence normal cyclic prefix is sufficient). In another

example, one or more of the parameters , i , c p can jointly indicate one or more

of the transmission parameters.

In some embodiments, transmission parameters can be implicitly determined by a

new parameter introduced in a scrambling of CRS/CSI-RS. For example, an m-bit

parameter M can be introduced to initialize the pseudo-random sequence generator for

CRS sequence in accordance with equation (3):

c = 2 + M + 2 10 (7 ( + 1) + / + 1) (2 N + 1) + 2 + N CP

where M parameter can be used to indicate transmission parameters as described for

the example of above.

In some embodiments, the presence of a signal (e.g. CRS, CSI-RS, DRS) may be

used to convey one or more parameters or combination of parameters. For example,

the absence of CRS in OFDM symbols other than the first (port 0 and port 1) or first

two (port 0, 1, 2, 3) OFDM symbols can indicate that DM-RS based on transmission

mode/scheme is configured or supported for PDSCH, but not CRS-based transmission

mode/scheme for PDSCH.

In some embodiments, a combination of explicit and implicit control information

could also be utilized. For example CRS scrambling could be utilized to indicate the



EPRE parameters used for the given subframe, while TM support or the reference

signal power could be indicated in the U-DCI.

[27 1] It is possible that a transmit power of CRS and/or CSI-RS (not part of DRS) are

maintained the same by an eNodeB per transmission burst but can be varied between

two different bursts. In this way, a UE may assume that the CRS and/or CSI-RS

EPREs, which are not part of DRS, do not change within a transmission burst and can

use the physical signals across subframes, for example for channel estimation (e.g. in

terpolation across subframes) and fine frequency synchronization purpose.

[272] It is also possible that a transmit power of CRS and/or CSI-RS as part of DRS has to

be maintained the same by an eNodeB for much longer duration to in order to

minimize impact to RRM measurement procedure. In this case, a UE may assume that

the CRS and/or CSI-RS EPREs, which are part of DRS, do not change within DRS

subframes and across DRS subframes. The UE can average RRM measurements based

on DRS (CRS based or CSI-RS based RSRP/RSRQ) across DRS occasions. Moreover,

control/data transmission and DRS transmission can be multiplexed within the same

transmission burst and even the same subframe. In this case, there is a need for the UE

to distinguish when the CRS and/or CSI-RS transmit power can change within a

transmission burst.

[273] In some embodiments, a UE may not assume the CRS/CSI-RS transmitted outside of

DMTC window/occasion and the CRS/CSI-RS transmitted within the DMTC window/

occasion have the same EPRE. This assumption applies even when the control/data

transmission burst overlaps in time with the DMTC window/occasion. In an option for

this method, if the UE is configured with the possible DRS transmission locations (e.g.

subframes) within the DMTC window/occasion, then the UE may not assume the

CRS/CSI-RS transmitted outside of the configured locations within DMTC window/

occasion and the CRS/CSI-RS transmitted in the configured locations within DMTC

window/occasion have the same EPRE.

[274] In some embodiments, a signaling can be used to indicate which subframe(s) within a

DMTC window/occasion have different CRS/CSI-RS EPRE than those for the other

subframes within the transmission burst overlapping with the DMTC window/

occasion. If there are 5 possible DRS subframes within the DMTC window/occasion

and there can only be one DRS subframe within the DMTC window/occasion, 3 bits

can be used for such signaling. The EPRE difference between the two kinds of

subframes (or the EPRE ratio) can also be indicated.

[275] If the EPRE of CRS of DRS is given by RRC configuration (referenceSignalPower),

the signaling essentially indicates the EPRE of the CRS not part of DRS. Alternatively,

the signaling does not indicate which subframes within the DMTC window/occasion

have different CRS/CSI-RS EPRE; a UE assumes that different EPRE is applied to all



or a configured set of subframes within the DMTC window/occasion. Alternatively,

the signaling can also indicate the EPRE difference or EPRE ratio between the current

subframe (where the signaling is transmitted) and the next subframe.

[276] In some embodiments, a signaling only indicates there is a change in EPRE but does

not indicate actual EPRE to save signaling overhead. The signaling can be done with

U-DCI and depending on the signaling content design, can be transmitted, for example

in the first subframe of a transmission burst, or in every subframe of a transmission

burst, or in a configured set of subframes of a transmission burst. The signaling may

not be needed for a transmission burst if the signaling does not overlap with a DMTC

window/occasion.

[277] In some embodiments, a signaling can be transmitted in the subframes (or a

configured set of subframes) of DMTC window/occasion. In some embodiments, a

signaling can be transmitted in the subframe before the start of DMTC window/

occasion and the last subframe of a DMTC window/occasion. In some embodiments, a

signaling can be transmitted in the subframes before the configured sets of subframes

of the DMTC window/occasion as well as in the configured sets of subframes of the

DMTC window/occasion. In some embodiments, an implicit signaling with using p a

rameters used for CRS/CSI-RS scrambling can also be used.

[278] In some embodiments, a UE determines which subframe within a DMTC window/

occasion may contain CRS/CSI-RS with different EPRE through detection of DRS

(PSS/SSS). The UE may not assume the CRS/CSI-RS in subframe not containing DRS

has the same EPRE as the CRS/CSI-RS in subframe containing DRS.

[279] FIGURE 14 illustrates an example of signaling flow for RSSI transmission 1400 on

unlicensed spectrum according to embodiments of the present disclosure. An em

bodiment of the signaling flow for RSSI transmission 1400 shown in FIGURE 14 is for

illustration only. Other embodiments may be used without departing from the scope of

the present disclosure.

[280] As shown in FIGURE 14, the signaling flow for the RSSI transmission 1400

comprises a UE 1405 and an eNB 1410. At step 1415, the eNB 1410 may generate a

received signal strength indicator (RSSI) measurement timing configuration (RMTC).

At step, 1420, the eNB 1415 may transmit the RMTC generated at the step 1415 to the

UE 1405 over an unlicensed spectrum in a licensed assisted access (LAA). In some

embodiments, the eNB 1410 may transmit, at step 1420, at least one threshold to the

UE 1405 for the average RSSI measurement of the UE 1405 at step 1430. In some em

bodiments, the RMTC, at step 1420, is independently configured from a discovery

reference signal (DRS) measurement timing configuration (DMTC).

[281] The RMTC transmitted at step 1420 may comprise a duration and measurement

period that determines a time period between the average RSSI measurements of the



UE 1405 at step 1430. In some embodiments, the eNB 1410 may transmit, at step

1420, OFDM symbol information for performing the average RSSI measurement of

the UE 1405 at step 1430, wherein the OFDM symbol information may be indicated, at

step 1420, by a higher layer signal to the UE 1405.

[282] In some embodiments, the eNB 1410 may generate, at step 1415, a value indicating a

subframe structure configuration for transmitting a downlink control channel and may

transmit, at step 1420, the value indicating the subframe structure configuration,

wherein the value indicating the subframe structure configuration comprises at least

one of a value indicating a partial subframe duration configuration or a value in

dicating a full subframe duration configuration, and wherein the value indicating the

subframe structure configuration is configured by downlink control information (DCI)

format to the UE 1405.

[283] At step 1425, the UE 1405 may receive, at step 1420, the RMTC over an unlicensed

spectrum in a licensed assisted access (LAA) and process the RMTC transmitted at

step 1425. At step 1430, the UE 1405 may measure RSSI in accordance with RMTC

transmitted at step 1420 and generate an average RSSI measurement in accordance

with the received RMTC. In some embodiments, the UE 1405 may generate, at step

1430, a channel occupancy measurement report including a channel occupancy ratio,

wherein the channel occupancy ratio is determined based on an amount of occupied

measurement time unit (MTU) exceeding at least one threshold for the average RSSI

measurement, and wherein the at least one threshold is configured by a higher layer

signal from the eNB 1410. At step 1435, the UE 1405 may transmit, to the eNB 1410,

the channel occupancy measurement report with an RSSI measurement report

including the average RSSI measurement.

[284] 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
[Claim 1] A method for measurement by user equipment (UE), the method

comprising:

receiving, from an eNodeB (eNB), a received signal strength indicator

(RSSI) measurement timing configuration (RMTC) over an unlicensed

spectrum in a licensed assisted access (LAA);

generating, in accordance with the received RMTC, an average RSSI

measurement and a channel occupancy measurement report including a

channel occupancy ratio; and

transmitting, to the eNB, an RSSI measurement report including the

average RSSI measurement and the channel occupancy measurement

report.

[Claim 2] The method of Claim 1, wherein the channel occupancy ratio is de

termined based on an amount of occupied measurement time units

(MTUs) exceeding at least one threshold for the average RSSI mea

surement, the at least one threshold being configured by a higher layer

signal from the eNB, and

wherein the RMTC is independently configured from a discovery

reference signal (DRS) measurement timing configuration (DMTC).

[Claim 3] The method of Claim 1, further comprising:

measuring a DRS transmission after a fixed backoff period, the fixed

backoff period being configured differently than the backoff period

used for data transmissions; and

measuring a DRS transmission based on a clear channel assessment

(CCA) threshold, the CCA threshold being configured differently than

the CCA threshold used for data transmissions,

wherein the RMTC comprises a measurement duration and mea

surement period that determines a time period between the average

RSSI measurements, and

wherein the measurement duration comprises a number of OFDM

symbols to perform the average RSSI measurement, the number of

OFDM symbols being indicated by a higher layer signal from the eNB,.

[Claim 4] The UE of Claim 1, further comprising:

receiving a value indicating a subframe structure configuration; and

processing the value indicating the subframe structure configuration for

receiving a downlink control channel, and wherein the value indicating

the subframe structure configuration comprises at least one of a value
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indicating a partial subframe duration configuration or a value in

dicating a full subframe duration configuration, the value indicating the

subframe structure configuration being configured by downlink control

information (DCI) format from the eNB.

[Claim 5] An method for measurement by an eNodeB (eNB), the method

comprising:

generating a received signal strength indicator (RSSI) measurement

timing configuration (RMTC) ;

transmitting, to a user equipment (UE), the generated RMTC over an

unlicensed spectrum in a licensed assisted access (LAA); and

receiving, from the UE, a channel occupancy measurement report

including a channel occupancy ratio and an RSSI measurement report

including an average RSSI measurement in accordance with the

transmitted RMTC.

[Claim 6] The method of Claim 5, wherein the channel occupancy ratio is de

termined based on an amount of occupied measurement time unit

(MTU) exceeding at least one threshold for the average RSSI mea

surement, the at least one threshold being configured by a higher layer

signal from the eNB,

wherein the RMTC is independently configured from a discovery

reference signal (DRS) measurement timing configuration (DMTC) ,

wherein the RMTC comprises a measurement duration and mea

surement period that determines a time period between the average

RSSI measurements, and

wherein the measurement duration comprises a number of OFDM

symbols to perform the average RSSI measurement, the number of

OFDM symbols being indicated by a higher layer signal to the UE.

[Claim 7] The method of Claim 5, further comprising:

transmitting a DRS associated with a fixed backoff period, the fixed

backoff period being configured differently than a backoff configured

for data transmissions data;

transmitting DRS based on a clear channel assessment (CCA)

threshold, the CCA threshold being configured differently than the

CCA threshold configured for data transmissions;

generating a value indicating a subframe structure configuration for

transmitting a downlink control channel; and

transmitting the value indicating the subframe structure configuration,

wherein the value indicating the subframe structure configuration
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comprises at least one of a value indicating a partial subframe duration

configuration or a value indicating a full subframe duration con

figuration, the value indicating the subframe structure configuration

being configured by downlink control information (DCI) format to the

UE.

[Claim 8] A user equipment (UE), the UE comprising:

a transceiver configured to receive, from an eNodeB (eNB), a received

signal strength indicator (RSSI) measurement timing configuration

(RMTC) over an unlicensed spectrum in a licensed assisted access

(LAA); and

at least one processor configured to generate, in accordance with the

received RMTC, an average RSSI measurement and a channel

occupancy measurement report including a channel occupancy ratio;

and

the transceiver is further configured to transmit, to the eNB, an RSSI

measurement report including the average RSSI measurement and the

channel occupancy measurement report.

[Claim 9] The UE of Claim 8, wherein the channel occupancy ratio is determined

based on an amount of occupied measurement time units (MTUs)

exceeding at least one threshold for the average RSSI measurement, the

at least one threshold being configured by a higher layer signal from

the eNB, and wherein the RMTC is independently configured from a

discovery reference signal (DRS) measurement timing configuration

(DMTC).

[Claim 10] The UE of Claim 8, wherein the RMTC comprises a measurement

duration and measurement period that determines a time period

between the average RSSI measurements,

wherein the measurement duration comprises a number of OFDM

symbols to perform the average RSSI measurement, the number of

OFDM symbols being indicated by a higher layer signal from the eNB,

wherein the at least one processor is further configured to measure a

DRS transmission after a fixed backoff period, the fixed backoff period

being configured differently than the backoff period used for data trans

missions, and

wherein the at least one processor is further configured to measure a

DRS transmission based on a clear channel assessment (CCA)

threshold, the CCA threshold being configured differently than the

CCA threshold used for data transmissions.
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[Claim 11] The UE of Claim 8, wherein:

the transceiver is further configured to receive a value indicating a

subframe structure configuration; and

the at least one processor is further configured to process the value in

dicating the subframe structure configuration for receiving a downlink

control channel, and wherein the value indicating the subframe

structure configuration comprises at least one of a value indicating a

partial subframe duration configuration or a value indicating a full

subframe duration configuration, the value indicating the subframe

structure configuration being configured by downlink control in

formation (DCI) format from the eNB.

[Claim 12] An eNodeB (eNB), the eNB comprising:

at least one processor configured to generate a received signal strength

indicator (RSSI) measurement timing configuration (RMTC) ;

a transceiver configured to:

transmit, to a user equipment (UE), the generated RMTC over an un

licensed spectrum in a licensed assisted access (LAA); and

receive, from the UE, a channel occupancy measurement report

including a channel occupancy ratio and an RSSI measurement report

including an average RSSI measurement in accordance with the

transmitted RMTC.

[Claim 13] The eNB of Claim 12, wherein the channel occupancy ratio is de

termined based on an amount of occupied measurement time unit

(MTU) exceeding at least one threshold for the average RSSI mea

surement, the at least one threshold being configured by a higher layer

signal from the eNB,

wherein the RMTC is independently configured from a discovery

reference signal (DRS) measurement timing configuration (DMTC) ,

wherein the RMTC comprises a measurement duration and mea

surement period that determines a time period between the average

RSSI measurements, and

wherein the measurement duration comprises a number of OFDM

symbols to perform the average RSSI measurement, the number of

OFDM symbols being indicated by a higher layer signal to the UE.

[Claim 14] The eNB of Claim 12, wherein the at least one processor is further

configured to transmit a DRS associated with a fixed backoff period,

the fixed backoff period being configured differently than a backoff

configured for data transmissions data,
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wherein the at least one processor is further configured to transmit DRS

based on a clear channel assessment (CCA) threshold, the CCA

threshold being configured differently than the CCA threshold

configured for data transmissions, and

[Claim 15] The eNB of Claim 12, wherein:

the at least one processor is further configured to generate a value in

dicating a subframe structure configuration for transmitting a downlink

control channel;

the transceiver is further configured to transmit the value indicating the

subframe structure configuration, and

wherein the value indicating the subframe structure configuration

comprises at least one of a value indicating a partial subframe duration

configuration or a value indicating a full subframe duration con

figuration, the value indicating the subframe structure configuration

being configured by downlink control information (DCI) format to the

UE.
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