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NR 34 ¥ =(frequency band)3= 27}A] type(FR1, FR2)&] =3} 1H ¢
(frequency range)® o2 = v}, F=ub=F W9 o] A= WA E 5 gley, 4
£ £0°1, 274 type(FR1, FR2)®| 35 H 9l5= 81| # 33 && 5 vt A3 9
Ho|E el NR A| 28l o] M ALE-Y] = F=3t7 W 9] = FR1-Z "sub 6GHz range" &
o|m| gk 4= 9131, FR2+= "above 6GHz range"E 9| V| & 5= Q131 U 2| n| g ¢fjo] B
(millimeter wave, mmW)% =2 4= T},
#3]

Frequency Range desi|Corresponding frequency rang|Subcarrier Spacing

gnation e

FR1 450MHz - 6000MHz 15, 30, 60kHz

FR2 24250MHz - 52600MHz 60, 120, 240kHz

=gk vhef o] NR A| 2819 Fab M9 o] =X += H A =
o], FR1-& &17] & 49} 7o) 410MHz WA 7125MHz2] the & 3}
FR1-& 6GHz (%=1 5850, 5900, 5925 MHz %) ©]/39] S35 o o] & ¥ 3}
t}. ol & 590, FR1 Woll A ¥* 35 = 6GHz (£3= 5850, 5900, 5925 MHz ) ©]|4
o] Fub4= tf &2 B3] off 9 (unlicensed band)& ¥ <= QUth H[HA ] o <
theFet 82 ARE ¢ AL, o & 5ol AFEE A g FAE 5o, AEFE)
= A8 AeE =

[3£4]

Frequency Range desi|Corresponding frequency rang|Subcarrier Spacing

gnation e
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FR1 410MHz - 7125MHz 15, 30, 60kHz
FR2 24250MHz - 52600MHz 60, 120, 240kHz
[63] NR A| =Bl o) A = shufo] whikol] A W &y = E4=2] Al & 7ol OFDM(A) W™

[64]
[65]

[66]

[67]
[68]

[69]
[70]

[71]
[72]

% 2 ) (numerology)(el & 51, SCS, CP 4 0] 5)7} 4ol apA 245 4 . o|
o uhek, UG AN Re] ABE T ARE AN S Fof, SF, &% £ TTD
(A2]%, TU(Time Uni 2 53)9] () AR T-1ko] g AE1ke] o]t
agd 59

538 B AN 48 s d A sRel A ALEEE &% e el R

N

y

o Qg
'}, 54 cpe] 4
AES et whEulbE Fuba Rl A
RB(Resource Block)= =3} | Q1o A &-27(¢] &
a2 74 o] f v} BWP(Bandwidth Part)s= =3 Sm| Q1o 4] &
2 Aol sle] 7 E 2 X (numerology)(ol| & £, SCS, CP 4 o] &)l tf
9 Atk whE k= Y Nl & 01, 571)e BWPE 2338t 4= 9T}, o]
B 5212 24 3t¥l BWPE Fall A 3 =™, shito] v ghe = stit o BWPY
A31E = ) A 2l = A ke @ A A1) Q A (Resource Element,
RE)E A A ¥, stite] 54 Al Eo] wisgd 4= gt}

o
O
-

w
1o,
2
o
N
—E‘
N
o 2 I

¥

>

5 4= 2 ATl A8 Ths gk Al 2Elo| A o] B = A ) o] 5 &Y
A o] T},
5 45= o A AQL Al =8l O B A NR A 2~819] 299l o] &5 425 o A gl
NR 9] frame structures= 5= 42] o] A| @} o] 3}} 2] slot & ]9l DL control
channel, DL or UL data, UL control channel & ©¢] ¥.5 X 3+€ 5= 3] = self-contained
TZ2E 573 9= ), o] 0|, DL control channel °l| 4] &= DL data scheduling A 1.,
UL data scheduling % H. 5-©] %% 4> 9131, UL control channel ¢ 4| = DL data
o] o é+ ACK/NACK A X, CSI A H. (modulation and coding scheme “d X., MIMO
A% I AR 5, scheduling request 5©| A F= 5= At} &= 400 A control 4
3} data 9 & A}o] ol = DL-to-UL -2 UL-to-DL switching & ¢ &} time gap ©|
S = A} EE 319 slot W el DL control / DL data / UL data / UL control
T AR = FAHA EE 5 U S F b9 slot 2 74 3FE channel 'E
A7 EebE 4= At} (Y o &, DL control / DL data / UL control / UL data or UL
control / UL data / DL control / DL data &)

2 A AN AR EH = 7= &
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[73] - SSB: Synchronization Signal Block

[74] - MIB: Master Information Block

[75] - RMSI: Remaining Minimum System Information

[76] - FR1: Frequency Range 1. 6GHz ©| 5}(¢ll, 450 MHz ~ 6000 MHz) 2| =3}~ < <]
< AL

[77] - FR2: Frequency Range 2. 24GHz ©]/J-2] millimeter wave (mmWave) < (4],
24250 MHz ~ 52600 MHz)& #1 3.

[78] - BW: Bandwidth

[79] - BWP: Bandwidth Part

[80] - RNTI: Radio Network Temporary Identifier

[81] - CRC: Cyclic Redundancy Check

[82] - SIB: System Information Block

[83] - SIB1: SIB1 for NR devices = RMSI (Remaining Minimum System Information).
NR @271 9] cell &0l Q¢ AR 53 broadeast .

[84] - CORESET (COntrol REsource SET): NR ©'& 7| 7} candidate PDCCH decoding-=
A 523} 5= time/frequency resource

[85] - CORESET#0: CORESET for Type0-PDCCH CSS set for NR devices (MIB ]| A]
249)

[86] - TypeO-PDCCH CSS set: a search space set in which an NR UE monitors a set of
PDCCH candidates for a DCI format with CRC scrambled by a SI-RNTI

[87] - MO: PDCCH Monitoring Occasion for TypeO-PDCCH CSS set

[88] - SIB1-R: (additional) SIB1 for reduced capability NR devices. SIB1¥} 3 %= 2| TB
= A vo] Mol PDSCHE # &3 = 4%l &2 5 A+

[89] - CORESET#0-R: CORESET#0 for reduced capability NR devices

[90] - TypeO0-PDCCH-R CSS set: a search space set in which an redcap UE monitors a set
of PDCCH candidates for a DCI format with CRC scrambled by a SI-RNTI

[91] - MO-R: PDCCH Monitoring Occasion for TypeO-PDCCH CSS set

[92] - Cell defining SSB (CD-SSB): NR SSB % RMSI scheduling 4 2. & 3 ¢-3}= SSB

[93] - Non-cell defining SSB (non-CD-SSB): NR sync raster®]] 1l 2] & $] ©. 1},
measurement 5 2 2 3] F cell2] RMSI scheduling 4 H.& X &3} %| &= SSBE &
g, 3t A 7E, cell defining SSB] 1A & &&= AHE L83 F A&

[94] - SCS: subcarrier spacing

[95] - SI-RNTI: System Information Radio-Network Temporary Identifier

[96] - Camp on: "Camp on" is the UE state in which the UE stays on a cell and is ready to
initiate a potential dedicated service or to receive an ongoing broadcast service.

[97] - TB: Transport Block

[98] - RSA (Redcap standalone): Redcap device S=+= service T+ %] ¥ 3} = cell.

[99] - SIB1(-R)-PDSCH: SIB1(-R)& % 3}+= PDSCH
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[100] - SIB1(-R)-DCI: SIB1(-R)-PDSCHE scheduling}+= DCI. DCI format 1_0 with
CRC scrambled by SI-RNTI.

[101] - SIB1(-R)-PDCCH: SIB1(-R)-DCIE # %-3}+= PDCCH

[102] - FDRA: Frequency Domain Resource Allocation

[103] - TDRA: Time Domain Resource Allocation

[104] - RA: Random Access

[105] - MSGA: preamble and payload transmissions of the random access procedure for 2-
step RA type.

[106] - MSGB: response to MSGA in the 2-step random access procedure. MSGB may
consist of response(s) for contention resolution, fallback indication(s), and backoff
indication.

[107] - RO-N: normal UE 4-step RACH and 2-step RACH(f configured)& 9 F
RO(RACH Occasion)

[108] - RO-N1, RO-N2: normal UE 2-step RACHE ] &l 4] separate RO7} 24 A ¥ 7 -,
RO-N1(4-step), RO-N2(2-step) = -

[109] - RO-R: redcap UE 4-step RACH and 2-step RACH(if configured)E ¥ 3}°] RO-N
I Ex 2 A4 ¥ RORACH Occasion)

[110] - RO-R1, RO-R2: redcap UE 2-step RACHE 9] 3ll 4] separate RO7} A H 79,

RO-R1(4-step), RO-R2(2-step) = 7%

[111] - PG-R: MsgA-Preambles Group for redcap UEs
[112] - RAR: Randoma Access Response
[113] - RAR window: the time window to monitor RA response(s)
[114] - FH: Frequency Hopping
[115] - iBWP: initial BWP
[116] - iBWP-DL(-UL): initial DL(UL) BWP
[117] - iBWP-DL(-UL)-R: (separate) initial DL(UL) BWP for RedCap
[118] - CS: Cyclic shift
[119] - NB: Narrowband
[120] - TO: Traffic Offloading
[121] - mMTC; massive Machine Type Communications
[122] - eMBB: enhanced Mobile Broadband Communication
[123] - URLLC: Ultra-Reliable and Low Latency Communication
[124] - RedCap: Reduced Capability
[125] - eRedCap: enhanced RedCap
[126] - FDD: Frequency Division Duplex
[127] - HD-FDD: Half-Duplex-FDD
[128] - DRX: Discontinuous Reception
|

[129 - RRC: Radio Resource Control
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[130] - RRM: Radio Resource Management

[131] - IWSN: Industrial Wireless Sensor Network

[132] - LPWA: Low Power Wide Area

[133] - RB: Resource Block

[134] - CCE: Control Channel Element

[135] - AL: Aggregation Level

[136] - PRG: Physical Resource-block Group

[137] - DFT-s-OFDM: DFT-spread OFDM

[138] - PBCH: Physical Broadcast Channel

[139] - A-PBCH: Additional PBCH

[140] - BD: blind detection

[141] - EPRE: Energy Per RE

[142] - SNR: Signal-to-Noise Ratio

[143] - TDM: Time Division Multiplexing

[144] - FDM: Frequency Division Multiplexing

[145] - DMRS: DeModulation Reference Signal

[146] - TDD: Time Division Duplex

[147] - PCI: Physical layer Cell ID

[148] - EH: Energy Harvesting

[149] - EH device: EH 7| HF 0 & 5213} = device. 3GPPo A +=2] ¢! Device A/B/CE
B xshs 4 ol i B /Aol A = 525 RF EHS 312 31, EH device 7t
HFC= Al RFEH 7| HFY F 2 = ¢l o

[150] - ES: Energizing Signal (RF energy harvesting2 %] 13} 7] 9| ¢t energy &% 8%
2] RF signal)

[151] - ET: Energy Transfer

[152] - CW: Carrier Wave (backscattering modulations ¢ ¢ carrier wave). 2] 7] 4] 0 2

single-tone ©| L continuous wave®l] ¢4 %] %] ¢F2-. Backscatter device”7} backscatter
modulatione 3 5} == A 2]/ A ¥ signal/channel®] 2| 7| & Z 33}

[153] - R: Reader/interrogator. RFID 3.5= 801 9). 3GPP Ambient IoT contextol] 4| =
topology©ll t}&}4 gNB/eNB, intermediate/assisting node, UE 5-©] reader”} 2 4=
A=, 8, Ambient IoT+= 4G/5G &4 A 2=8lof] sk ) %] ko g At &4l
Al 2~ €l 9] 7] X] = intermediate/assisting node, UEE X &3 4= 91 5.

[154] -T: Tag/ambient IoT device. RFID .5 801 <. B 7| A ]7\1 EH device 2} %
& A€ 4= 1 o1, T3 3GPP Ambient IoT contextol] A= =& Ambient IoT
device, Device A/B/CE A 3t

[155] - R=>T: Reader-to-Tag "= Reader-to-Tag communication link. 7| #] = H==

intermediate/assisting node”} reader?! 7 5-¢| DL &Y gk o u|d 4= 3] &
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[156] - T=>R: Tag-to-Reader == Tag-to-Reader communication link. 7] A = B 3=
intermediate/assisting node”} reader?! 7 5-o)l UL &L gk o ujd 4= 3] &
[157] -R<=>T: R=>T%} T=>R, = R=>T L= T=>R 9| A5 X3} R=>T%} T=>R 9|
2F g e AT T A
[158] - BS: Base Station
[159] - UE: User Equipment. LTE, NR, S== Z}A| o)) 521 A| ~El 2] 7§~ Z+7F LTE, NR,

L= 2FA o] B4 Al A8 UE/SHE 7] & 2] v]dk, Ambient ToT device B=+= Device
A/B/C} -5 = ARk Al B4l dhd ] FE 4l
[160] - Device: ¥ 5 9] ¢ :LO] NS A, 19 G502 ALSY = -9, EH device,

Ambient IoT device B=3= Device A/B/CE T-¥-§lo] A g

[161] - F-gap: Frequency gap

[162] - T-gap: Time gap

[163] - TD: Time Domain

[164] - FD: Frequency Domain

[165] - PEI: Paging Early Indication

[166] - LP-WUS: Low-Power Wake-Up Signal

[167] - LP-SS: Low-Power Synchronization Signal

[168] - RSRP: Reference Signal Received Power

[169] - ESRP: ES Received Power. ESE ©] &3l 4] 54 & RSRPE 9| M]3 & ES-
RSRPS} Z 23l ou] Q] 4= 91 S-,

[170] - PRB: Physical Resource Block

[171] - EH circuit: EH & 22 9~8) 3}+= 3| 2. EH devicei= EH circuit8 component 3
w2 Z3kehohar = = Sl

[172] - PHR: Power Headroom Report

[173] - EHR: Energy Headroom Report

[174]

[175] B 7jA o] A 2 U (Composition and Method of the Invention)

[176] & 7HANA (= O 2t H&-& Aol eh= A -0 T ¢to| WE-& Eish=

A5 R AE 5 Ak
[177] ¥ AAAA /2 FEE WES 257 28 @nd)stAY 738 W& & dF
Tk X3k or)dhE AS 9| 4= Q)
[178] 5G # <2 IoT (Internet of Things, A= S1TE YY) &= F41 T4l A
S E31 0t ToT device 59 7], B4 5%, @ ¥ é\_H] wS Fo|al, el )
| 724 71 9] 10T device &5 A X]3la1 Ao 24 v}t 58 Fofol tf st
A go] 7hsel A 4= Ao}, A4 2 0.2 3GPP SAL ol A= o] 18 [oT device £l
o 3t use case, Al U2l 2, KPI 52 =2 S0l 121 3GPP TR 22.840°] 7} %] & a1
AT} E3F 3GPP RAN ©f| A &= ol #f| &} -2 SID objective = E-3f| IoT Al o] tf &
study 7} 213 Z-o] v 3GPP TR 38.848 || 3l study <] outputo] 74 3] ¥ a1 gt}

(o

N

O
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[179]
[180]  ©] ¥A--3= 3GPP Al 280l W] £ &}7] o]

=
IoT of & ] 7l o] & #13F Aot} o] A= g &3t 2P H 31-E A & 8 o 51,
715 3GPP LPWA IoT 7] Z(of]: NB-IoT, ¥ 2 Tx A 7FA ¥3ho 2= &=
k= gl AR AL 9F Al el @ & &l 2§l oF $FT. (This study targets at a new
3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on
ultra-low complexity devices with ultra-low power consumption for the very-low end
IoT applications. The study shall provide clear differentiation, i.e. addressing use cases
and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT
technology e.g. NB-IoT including with reduced peak Tx power.)

[181]

[182] oA A el o] A= vha3t &2 A 548 a1 $t: (In terms
of energy storage, the study will consider the following device characteristics:)

[183]  -oluA A& 75 o] A3 §lar o3 ol A o] 7F&Ad ol @313 o Edh= =
T 50 Bl 2] &A] (- Pure batteryless devices with no energy storage capability at all,
and completely dependent on the availability of an external source of energy)

[184] - &2 WA ASAT L art gl Alghe oy =] A4 750l U=
I *| (- Devices with limited energy storage capability that do not need to be replaced
or recharged manually.)

[185]

[186] i SA(el: AMAARY, oA AR 715, 78/5E AF 5)oll e A &

T o ARE Abel oF FEste] A Foll ol H g vk A o A A &

H] = o] =9 AR Abulell theh A8 2] Q1 5 HEfol] o &) A g of of 3h1H ol 1 4]

-

h=4
|
Y5 a1yl & of kot (Device categorization based on corresponding characteristics

borle e

(e.g. energy source, energy storage capability, passive/active transmission, etc.) may
be discussed during the study, in relation with the relevant use cases. The device's peak
power consumption shall be limited by its practical form factor for the intended use
cases, and shall consider its energy source.)

[187]

[188]  -SA1S] "SR AH x| AbZ I UL Aol A el 3 ARG Abdl/A Bl 2o o
3 Aol v S T st E E3ehs A FE Ml Al 2.4 11 548 4
361}, (- Identify the suitable deployment scenarios and their characteristics, at least
for the use cases/services agreed in SA1's "Study on Ambient power-enabled internet
of Things", comprising among at least the following aspects)

[189] - A4 @] 3 (- Indoor/outdoor environment)

[190] 7| A = EA o w2 mpo]l AR /3) 5 A 7] HE Al 3E (- Basestation

characteristics, €.g. macro/micro/pico cells-based deployments)
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[191] -8 EE2X, ol 7|A =, UE, "dlo], el 8 Fo] th &A1t s e
A= =EF ¥E33H) (- Connectivity topologies, including which node(s) , e.g.

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]
[200]

[201
[202
[203
[204
[205
[206

— e e e bd

[207]

basestation, UE, relay, repeater, etc. can communicate with target devices)

- TDD/FDD ¥ g}o] Al 3= vl glo]dl2s ~# Bl o] S35 tf < (- TDD/
FDD, and frequency bands in licensed or unlicensed spectrum)

- 71 3GPP 7| 4 9] 55} o A UE & 21 Z 2}l 2] ¥ (- Coexistence
with UEs and infrastructure in frequency bands for existing 3GPP technologies)

- AR A A2 D= AR o A E R E ES]E 7FA (- Device originated and/
or device terminated traffic assumption)

31 ARG Abelol sl 5 A ol kel Wl E Alvhel 97k 28 E S glon, wE
AU &= F 7l o] 2] AR ALdlo ¥-8-E 4= 9t} (NOTE: There can be more
than one deployment scenario identified for a use case, and a deployment scenario may
be common to more than one use case.)

At ARG Abelol thal 5 A ol kel Wl Alue 7k e A, olE 71l
A TAE Al oF ). (NOTE: Where more than one deployment scenario is
identified for a use case, the trade-offs between them should also be studied.)

Zhar: o] A= SASE = djof = W 3 S (ol CN A2 o] A7 3l=
& L= AP U EYA)S +AA8HA] 83=T (NOTE: The study shall not
prioritize deployment aspects that should be coordinated with SA, e.g. public or private
network, with or without CN connection.)

AL AR & Abol iz ARE ARl 2ol thell thE A ] ARG AL E
-3+ 5= 1T}, (NOTE: A representative use case can be studied for a group of use

cases that have similar requirements.)

- A i E A 2ok W ARG ARl thE S5A4& Vi e 2 RAN A
A A AEE 32 8 stt), of 7] o = #H A48 tha-0] 3239 T} (- Formulate
a set of RAN design targets based on the identified deployment scenarios and their
characteristics for the relevant use cases, at least including:)

- 218 44| (- Power consumption)

- 574 (- Complexity)

- 28 W9 (- Coverage)

- o] ¥ A% £ (- Data rate)

- Y1 %] 4 2% (- Positioning accuracy)

Fal: 2 ARS ARl oll B3 SALe] 8" AbE-E aref el oF §HTh. (NOTE: The
requirements from SA1 on the relevant use cases shall be taken into consideration.)
ol A<= ¥ ARG Abdlell thall 7] W] 3GPP 7= ol Bl &f o] b2 A&

W& AlFsls 31& &3 E gk}, (NOTE: The study shall aim to provide better

coverage compared to existing non-3GPP technologies for the relevant use cases.)
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[208] o s A9 B AR A sl 14 U, ol 5 A, Hok, A AR
ot A =3 #dH tE RAN A A th/d& =23 5 )t} (NOTE: Other RAN

[209]

[210]
[211]

[212]

[213]
[214]

[215]
[216]

[217]

[218]

[219]

design targets in relation to connection density, mobility, security, latency, reliability
etc. may be discussed, if necessary for the relevant use cases.)

a1 RAN A A ti ol th ek ARAIRE g o) = 5 Foll s=2] 8l oF g}, (NOTE:
Detailed definitions of the RAN design targets should be discussed during the study.)

- WA ARG Abdlel e A BRE SHE 7t A S AET M E AU L
of whe} vl g G 7hatar, Al e of sh= B4 7] 5ol gk 7Hg & AP gkt (-
Compare and assess the feasibility of meeting the design targets for relevant use case
on the basis of the deployment scenario(s) appropriate to it, and identify assumptions
on required functionality to be supported.)

a1 o)== WG 759 AHAI S 2418 @ 5-3FA] =T} (NOTE: This is not to

require a detailed WG-level of analysis.)

ZFal: o] A= 7]E 3GPP IoT 7] % (4l NB-IoT, eMTC, RedCap &) H.t} # %1
2 10T Al IR EE thd o= dhtg, o] 3= 7] 3GPP LPWA 7| 5-& thA)
ki Ag B E 84 &=t} (Note: This study shall target for an IoT segment
well below the existing 3GPP 10T technologies, e.g. NB-IoT, eMTC, RedCap, etc. The
study shall not aim to replace existing 3GPP LPWA technologies.)

3GPPol A studyE -3l A #9135} aL A} 3F= IoT device™ maintenance-free, <
battery 1.8+ §lo] -4 o7 ALE-o] ThEgk A S 2 5 07 ) 3GPP SAl
study 2 I} i-4] TR 22.840¢° RF 21 & 2 3-F energy & < EH(harvesting) & 5~ )
1= U85} 371, o] ¢ & RF energy harvesting 2] o] the-} 2. 442 74 %
gtk Wgol 75 ek,

RE 714k o U] S:8he] 50 4 & wl X8l 3700 4] AL 2 9151 RE A
28 Ao 3 5 k= Apolchel: A& W o) whef = T/ o A
Z1ol A 5 5 9l AAH Q) S8 Wopzis BH/AR, A%, A0tE F, 4
d2UHH, 37 2B ¥ 5°] AT} (The main advantage of RF-based energy
harvesting is its availability in deployed environments and the fact that RF power
is controllable (e.g., power can be sent by a transmitter on demand or periodically).
Potential applications include logistics/warehouse, manufacturing, smart homes, health
monitoring, and environmental monitoring etc.)

- A= T FA Al = E o A o] 2] §F RF energy harvesting©l] 7] /Egh
device(°]3t EH device)& Aol 8t7] 913 W R Aol 3t Aol

B Aol A FA ZA Al LS LTE, NR, 5 F2 9] FA A AJ 2~

iz A ) B Al 2wl o] ofn] & E3E 5 ek

juiit)
e,

6G
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[220]

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

B 7| Aloll A EH devicei=, T3} 7-o] 3GPP RAN study °| 4 318 %1 Device
A/BICE R X3 5= glar, e, & 7§ A 5= Device A/B/COll B5 48 <=
AT} T gk, g o A|Qtol] whehA EH device = Device A/B/C %= 3GPPol| A 31
=21 device EFY/E & 220l HH B 2] &8 © 1 energy harvesting= § 3 A T2 &
= B0 R YA E T dubA <l deviced] &A1 | 4= gt}

[3GPP RANCI A A <1 X /88 574X F /& 3 2~ (Device types/
categories/set of devices/classes under study in 3GPP RAN)]

(D FA ArolqA A Rl FHAA AT A e, & A A
(Device A: No energy storage, no independent signal generation, i.e. backscattering
transmission)

(1-1) UHF 5~ RFID<} H] 5=t 554 (Complexity comparable to UHF passive
RFID)

2) A Bl WA A A, FHAN A AA gle, = T Ak A A
i oA Aol = HEAF Al 5o thiE F-5%0] 29 4= 3l (Device B: Has
energy storage, no independent signal generation, i.e. backscattering transmission. Use
of stored energy can include amplification for reflected signals)

Q-1 E3A2 A= A9} C Aol of A 7o)l 9 (Complexity to be somewhere b/w
Device A and C)

(3) A C: oA A A 3=, FHAA AT A =, 5 AS

o

A &
RF 74 2.4 (Device C: Has energy storage, has independent signal generation, i.e.
active RF component for transmission)

(3-2) H A= NB-IoTE.t} 4 1l Y- (Complexity to be orders-of-magnitude
lower than NB-1oT)

- 7§ A1 = 3GPP RAN study©ll A 212] 5-Q1 v Y| 7}*] connection topology &
of B A-8d 4= glom, gk g o Alctel] wpepA = o] Foll A A kS

A
T At

[3GPP RANO| A 14 Q1 174 & 352 X] (Connection topologies under study in
3GPP RAN)]

- EZ-Z A (1): BS <> Ambient IoT 7| 7] (Topology (1): BS <-> Ambient IoT
device)

Za1: th 2 BSol Al BS Rx 2 BS Tx9] 7HaAd & E 38138k}, (NOTE: Includes the
possibility of BS Rx and BS Tx in different BSs)

- E524](2): BS <> 51} =X <> Ambient IoT 7] 7] (Topology (2): BS <->
intermediate node <-> Ambient IoT device)

Zhal: F3F =24z e o], 1AB, UE, &3] E 5-0] € 4= 91 21, o]i= Ambient
IoT7} 7} 8}, (NOTE: Intermediate node can be relay, IAB, UE, repeater, etc.

which is capable of ambient IoT)
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[234]

[235]

[236]

[237]

[238]
[239]

[240]

[241]

[242]

[243]

[244]

[245]

- 52 4](3): BS <> A9 =X <> Ambient IoT 7] 7] <-> BS (Topology (3): BS
<-> assisting node <-> Ambient IoT device <-> BS)

a1 A9l == g do], IAB, UE, Bl 9 H 5o & 5 12 H, o]3= Ambient
IoT7} 7} 8}, (NOTE: Assisting node can be relay, IAB, UE, repeater, etc. which
is capable of ambient 10T)

- EZ- 2 #|(4): UE <-> Ambient IoT 7| 7| (Topology (4): UE <-> Ambient IoT
device)

- Al A R=>T, T=>R, “18] 3L R<=>T= 217} 9] 7 9-ofl R¥} T7} 3} =
T A5 2E B3, Rl B N 1, 2] R 501 & A & node/7H
AR 73 F-oF A &2 U2 node/7H A Q1 73 F-5 B 3 = qlrk mhebA, B A
o] AlRb W &2, shif B3 5522 R(E)0l S L3 1= A & thE node/$] A ol
A, B i B2 T(B)E At 2 8 ES/R=>T signal/channel S A %31= 715
3 B 23 B 8% 4= 9lu)k T3 Re=>T2 A4, RI=>T=>R2(R13} R23=
A2 ZAY Y2 node/7) A, A &2 tFE 74, bi-static configuration/set-up©| 2} 31
E3hE g vk

L= 5% B Aol -8 71s gk A 2~ Bl o]l A RF energy harvesting circuit2] A & &
E=AE ot

EH device:= &A1& #1314 ESE |83 EHOl A @ ol of & 5= 3l t}. RF
energy harvesting circuit<> o Z1th, & 5¢} o] 444 E = .

(WA HEN A 752 R EFH 242 FAH vl H 5
7| 2 H o) A9 58 B ggho}h, (Matching network: consists of inductive and
capacitive elements, and ensures the maximum power delivery from antenna to voltage
multiplier)

) At 1] 7]: YAFRF A8 S DC A8 o2 W3ek], (Voltage multiplier:
converts the incident RF power into DC power.)

Q2-1) T @A & S Aol oA ANt A7t Fasto] o || A
A AWAIH 9] T £57F =2 It (Increasing the number of multiplier stages
produces higher voltage, and yet reduces the current slowing down the charging of
energy storage capacitor.)

@2-2) Bt 2 S0 7] @AZE A &5 AAH o] #E S o] AR ARE, o
5 Z3ll A E Aol AXE FF35t7]ol 53 5 T} (Conversely, fewer
stages of the multiplier will ensure quick charging of the capacitor, but the voltage
generated across it may be insufficient to drive the device)

(3) A3 A A7 Fstoll A&e Ae 5 Algskal o F o H A7} 58]
L} AR = gLz 1R S5 <F o Bl & AR-& 3t (Energy storage: provides smooth
power delivery to the load, and as a reserve for durations when external energy is

insufficient or unavailable)
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[246]

[247]
[248]

[249]
[250]

[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

[263]
[264]

(4) Note: EH circuit®] (A8 %] 2} %) A A energy storageE X 3138F= 457}
91 5 910, ol ok WA, obef A BH= ke ol EH device ol 50
energy storage(e.g., capacitor -=5= charging batter) & %33 = 3 &

A device EF/E 2l 22 (e.g., Device B/C)2] 7
capability, < capacitor “=5= charging battery S %¢

(1) F21/AE A Ao oF4 4 Q1 energy &HE.

(2) Low RF energy 7 Ell | 4] energy storage & & ¢t low-power 521 25 7H&

(2-1) o 71, low-power &2 X5 7F& 2 ¢ min RF Rx sensitivity ¥ -20dBm,
energy harvesting-& ¢ ¢+ min Rx sensitivity7} -20dBm%¥ 5~ & ©] 7 -5-, ambient
IoT device Rx power7} -30~-20dBm A}o] of] #3235}, capacitor7} §1. 2. E-4l0]
B 7b5 8L, capacitor} 928 57 A2k o] ol E4lo] 7Vt 4 91

(3) /o] &t energy source E(e.g., solar, thermal, wind, kinetic, 5 )°ll 7| ®Fall 4] <=
83t energy 52 b2 capacitorel] A 84 A 3F= A A ol low-power B2 E
= 7

, Uh& 5% © & energy storage
A~
2

.

o)
™
=
=

¥ o

T 6 2 JNAloll A g 715 g Al 2~ 'l o)l A energy storage capability S ZE
device EF)/E AW =(E) 2 &2 A Hl o] wE power consumption, 1] 31 71 | 2]
device energy state®] U | & EA| §F = o] T}

[l A]] Device &2} 2 Ell ol & power consumption, 12| 31 71 W] 2] device
energy state2] o] A]

%= 6 energy storage capability & 2 device EFY/EH 2=(5)4 52 e ol uf
£ power consumption, ~LZ2] 21 1 1 2] device energy state2] o A] o] T},

(1) &= 69| o Aol 4] S1-Z sleep state, S2T= active stated = &, 712] a1, P1, P2
= Z+7} S1, 82 state©l] A €] power consumption T+ U &

(2) Active statex= device7} 2= 918 41/7E, sensing, 5 2] 522 T3 8t
7] HElA AE g At FHE v e 5 9. Sleep state active state7} o
U AEHY 7 e

(3) &= 69| A A|3= device energy state2] o Al <1,

(4) E1, E2 3t device (EFSI/Z 8 22) B & ThE 5= 9 2™, device capability 32}
W B 2 R/7IA el Bl 5= -

(5) E2+= &% el oll A 9] energy 4k, 1] 31 E1-Z active state | 4] 2.-7-3}=
A energy #k 0= A olEH 5

(6) S1°l1 A S2 A 32 device energy state 4k©| Alt.B1) E2¢1 749, =& B2l =
25t Aol v 7hs s A Y, = AllB2) E1R.UE 2 49, = Bl 4] E2 H $1 el A

L o
b ¢ A

(6-1) 5= 62 ol Ali= AltB1S 7F4 3 4 $-.

Device energy state 31419 7] ¥ ES 2 5 |t
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[265]

[266]

[267]

[268]

[269]
[270]
[271]

[272]
[273]
[274]

[275]

[276]

Device energy state 4 H. & 50| B-7}5 3k A} e o A R/7] A =52 worst case S 7]
1k o 2 ES A% A (time/freq/power/beam/TRP)& &/ 8l oF & 4 At} HE
Holl, R/7] A = 0] device energy state 4 H.E A2/ /018 4= 9+ 49, ES
& A9l (time/freq/power/beam/TRP)2] & £ 41 #&] 7} 758 4= 9lom, gt
ambient IoT 52 latency & & 4313 4= 91T}, o] W], 521 latency 2] A | =, EH/%
ol Dot A9 EH/5 Ao A8 5= AgHE 283 5 3]

R/7| A5 0] device energy state 4 H.E 12/ 5/0] &3] ES A& A9 &
+4 21 #e] 2 ambient IoT &4 latency & # A 3}5h= 528 X A35H7] |8lA4,
Ambient IoT device= A1 2] energy state &5 AR E H 18} Flo] H g3 4
AT}, o] 2 & device energy state THH 4 B = of o] A A3tz ES A F AAE
98k device energy state 4 H. &-& £35S 4 )

T3 o] 21 §F device energy state ¥ B HE R/7| A wrol] A gah= WHHS
of| ] A|otal= ES A% Ao & 9 ¢ device energy state J B A% W H &8 £ 9]
o AU

T ofldlel A AFsh= ES A% Alo] & 9 3 device energy state 4 H.E A4 8}
o] RIZIA ol Al Balstal, R/71 A1 55-& T7F B.algk A 1ol 7| §hato] ES 25 4
% (e.g., time/frequency/power A £)& S| AU FAY &L F AT =
ESE &3tz TRP 55 S7HA 71 AW A 2aA 12 5= dvt. ol 7o, ES A %0l
cycle 7IRHF71oF 7] | A 302 Aoy =)o 8 AA/ddH 35, 771
/= F7l W AE 1k AV E wolAW =Y 7 Ak B ES S A
S Ao = A o o] = B /)2 T2 R<=>T signal/channel 521/ & A 1k
S Alojg 4= 9lt}. o] 71, device energy state”} & W31 4] &S -, TS| Re=>T
signal/channel <=41/Z & Al ZHE ol AAL; Akt 4= glow, S Ao ES 441 W15

£ S7H A o 3l

1 b

4

ES A% Ao & 9] 3t device energy state J B
ES A% Aol & 9 ¢k device energy state *d H.5= U} device energy capability/
state Y+ A H, ES A% request A B 5 £ 5 Q).

Energy-related device capability parameters

Device energy ¥ & device capability 32}V 52 tho-5 38 = St
(1) Capacitor/battery - (e.g., Device B/Ci= capacitor/battery 7} 7'} -& H.313}

31, Device Av "= Has 9l &)

(2) Capacitor/battery 8% (e.g., Device B/C+= capacitor/battery 8- %2 2|3} ¥
o2 B33t 45 9l 5. Capacitor/battery 8% 32} B 4 B 3= /37| capacitor/
battery 7 A EE AT = & =, §F AR A H7E I oH FE 9]
St glom, glod FE5 et 5 5

(3) Device power class (device H tf] A% 319 53) (e.g., Device B/C2] H ] A
%= 919 55 °] Device AR.TF & 9° 9l &. =+, Device B&} Device C 2420 tf &)
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[277]
[278]
[279]

[280]
[281]

[282]

[283]

[284]

[285]

[286]

[287]

[288]

[289]

[290]

[291]
[292]

[293]

N aEREgdow A A% 59 53¢ 9% & 98 o W, Device A
o] o
IR

(]

+ passive device2] 749, device power class H.215 Al &t
(4) Active 2=2AH 715 (e.g., amplifier, mixer &) *| ¥ 5. 7| €} device power
consumption®l] 4 &S 1| X = Axy7]| 5 A Y o] o] A5 5]
(5) Device BF/E 2] 2~ A B, (Device EFY/EF 2~ 2 7] gghn] ] &9 1:1
g = A v He ARE AT T U

4
1?

(o

o s
5 ¥ skl

Energy-related device state report
Device energy ¥ device state 4 .= o] o 4] A 3}= device energy 3 /¢
2 To| A 243 ESRP 2L 2 olofl 7]uke A1, EH &2 Nk 5o ARE 9

A
k4= 3l

Device energy state/level (including device capacitor/battery state of charge)

Ambient IoT devicet= A4 2] device energy state/level F=+= capacitor/battery 5 %1
AH, 54 AR E (quantized X)) (UL A& Alel) Harsk 5 )

o ZAth, o A|IB1oll A E13} E2 A}o] 9] energy 4t &2 quantize$t %}% B a3sbA
L}, E13} E2 Ale] 9] threshold k2 % 3l 4], energy level©] threshold 4t ©| &/7] 7+
35 RIZIA =0l Barsk 5= 9l

of| ZIth, T7F R/71 A =1l B.aL o}b A W= 7HeHs] "fully charged" 1= "g5 A
g ol Ag-sh= ARY 7 Ut

3=, device energy state/level S 3£ 313t device energy state 4 2.+, ol Z1 Tl power
headroom report(PHR) %} A} g+ 21 © 2 energy headroom report(EHR)< 4 2] 6}

o], dnlu) ] 2AT 5 9l B %3}34124 A} @ ok=A] 52 quantize
A Y EE T Q. T ths 7 7H4] 4 5-ol EHRE trigger/ 221 5= AT}

(1) ESRP(ES-RSPR) change”} & threshold ©]/d¥ 745 (R/7] A =13} T<}2] A
g} Al d $H4 o] W3t E ES 4l g o] Wste] flHlo| EVF H Qg 75

(2) Periodic timer 7] W+ (R/71 A =7 9] timer 4t A A& Tl 715 AA/A S

918

Device energy state/level A H.2] H 31 energy storage capability S 2t Device
EF/E T 2, o 7t Device A/B/C 5 Device B9} CHF X d3h+= 41 Y 4= ).

ESRP (ES-RSRP) 7] ¥+9] report

Ambient IoT device ™= Z % ¢+ ESRP %k A1 A & (quantized} o) B .18 4= )
ESRP (ES-RSRP) 71 8FS] report:= T #3151} 28 AW 2 112]3to] "ESRP
bad" %/%3= "ESRP good"/"ESRP good"9] HE| & (FA3}E 4= ) 1=, A4
gk ESRP ghell 71Hksto] th5-& 2318k 219 8 /1% G H & T=>R signal/
channel®= #1438 4= 91

(1) ES time/freq resources
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[294] (1-1) Ambient IoT deviceol| A =2 3+ ESRP kol 7|Htsle] @ A/41 5 3F= ES
time/freq resources J B.5 AE3 7 9l 5.

[295] (1-2) AFA A /A A, == R/T A A /A Al 2] 8l A time/freq resource W9 & A
o]slar, Q7 /A 8= time/freq Z 22 o] Tl Al o] (R 5 A FFh=
55 ¥ggh Time/freq resource &=, ol 71t} {X OFDM symbols, Y PRBs} &
99l 4 9.0, 5Cs M 4ol 4 S

[296] (1-3) ol 7,

[297] (1-3-1) low ESRPS! 74 -5-ol] - 4k ES time/freq resource S R %/A S8l A K.
= A&aa,

[298] (1-3-2) high ESRPQ! 7 §-of &= 22 ¢k2] ES time/freq resource S R %/M 3 81+
AHE AFS T Ao

[299] (2) ES Tx power resources

[300] (2-1) Device®ll 4] =73 ¢+ ESRP 4kl 7| HEslo] 2 /4 5 3F= ES % power 4k

o|L}, power T/ /A ARE AES T A&

[301] (2-2) 37] &2-E 9184 N-17] 2] ESRP threshold% A o] 81, devicer™ =4
3 ESRP%} ESRP thresholdE 7| HF o 5 N7 4k = 3 B3 1 kol o) -&-3F+=
index(0~N-1)E A% 4 1S, ==, devices= =4 ¢ ESRP2} ESRP threshold =

7IHEe 2 Q A/ & 3= ES A% power o/ /A A ARE AEE 5 S

[302]  (2-3) [¢JAIP1] N=2¢1 49

[303]  (2-3-D)ARA A oj/AdAg, == R/T AA/A Al 234 170 9] threshold 2 271 ]
ES 7<% power level, P13} P2(>P1)E 4 9|5},

[304] (2-3-2) low ESRP, = ESRP < (Y= <=) threshold ¢! 74 -9, ES A <% power level P2
£ a5 st

[305] (2-3-3) high ESRP, <f ESRP >= (*£+= >) threshold ¢! 74 -9, ES % % power level
P1< @ ZJ/A-]ES]— 2= 01 0

[306]  (2-4) [l AIP2] N=3%! 45

[307] 2-4-1) /\]‘7@ Aol dA, &= R/IT A A/A Aol &l A4 271 9] threshold, T13%
T2(>T1), ¥ ES <& power level 5/7 @9 4k delta, == 5 7F &9 4k deltal 7 7
A 9 gk delta2E H =0/ YA QI ghefr 2 A ofstar

[308] (2-4-2) low ESRP, < ESRP < ((£+= <=) T1 1 49, ES ﬂ % power level 57}, <
+ delta = +deltal & /M 3 5Fa1

[309] (2—4—3) high ESRP, = ESRP >= ({2 >) T2 %1 75, ES A% power level 74, <5
- delta B=5= -delta2 & A/ 53 4= 9

[310] (3) ES time/freq and power resources

[311] (3-1) Deviceoll /] 4 & ESRP gloll 7| 9t3ste], @ #]/4 T 3}+= ES time/freq
resources 3 2.2} ES Tx power resource 3 B & & Al o] AE3 4 =

[312] (3-2) o] W22 A&l A deviceoll A ZASHESRP 7k B 2 o -5-3F= /A

3.3F+= ES time/freq A 2} ES Tx power A K7} Table & B 2 A} of) o] = 4=
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[313]
[314]
[315]

[316]
[317]

[318]
[319]

[320]
[321]

[322
[323
[324
[325

—t e e e

[326]
[327]

[328]
[329]

[330]

[331]

210 device: =4 3 ESRP kel 7] 4kale], 71 Table?] index 4tS A43= A

Time to EH (EHY 2 8 ¥ A|7h

Ambient IoT devices= EHol| 28 ¥ A7}, TEH A H.E R/7| A=l Ha1s = Q)
q_ TEH= ES <& /\] /\]xl /\]XJ =) 1:/1 EH 9]-8 /\];Gy]};q iﬁ-‘ﬂ /\]7]-0 = XJ/]FA 2

AT TEH= ES 5741 Al 2} Al A ol counter& A 2181 o], EH ¢= /\] Aol counter %k
2 maahs A% & Yok BH 9 A0S U85 ol 4ojg 3l

(1) Capacitor/battery 7} Z % 57 ¥ = A| &

(1-1) el A, Z = 10091 73 5-, &% = A4, = d|AIBlol A E2gkel =g

A 4 918 4% 5= ARl G eli= o) ABLoI A TEH, 1 TEH2| 'S
st 4 9l 8. =5, capacitor/battery 2] energy #k©| 001 5] g+ A Elj o] A A] 2}EL =
35Sk Elol A3 GEfoll A Al 2tshis 452l eln & £33k o= glom, HEas,
A1 A lowest energy state Ol A B A 2Fel| A $hE B = Al H S BAlst =S &
Mg ol st A9, Al Holl whehA] 18] A1 device &2 X 2 31U (profile)ll wh}A
TEH,1 %= TEH2E H.a1st= A Y 4 3J -

(2) R=>T =41 Z/HE = T=>R A $0| ﬂtéﬂﬂ Hz A

(2-1) Device =2 t5 7 9l o, 2bF dH = ofd 7 A& A AB1l A E1%k
of =g A A = Sl

EHOl 2= 8 5= A2 th5 2450 ofsi A4 5= v

(1) RF-DC ¥ 3t7] ] 9] oA =215 ES A9 & thA] th3-9] ghrolth:
(Received ES power at the input of RF-to-DC converter which is again a function of:)

(1-1) ES Tx A= (T3} A 8 7}-5) (ES Tx power (may be frequency selective))

(1-2) Tx 2 Rx SFE| Y} ©] 5 (Tx and Rx antenna gain

(1-3) Roll A T7FA1 9] 71¢] (distance from R to T)

(2) ES ¥} 3 o] mte} @2} = RE-DC ¥ 3+ 8 (RF-to-DC conversion efficiency
which is also dependent on the ES waveform)

(3) AANAE = 31wl E 2] o &7 S A ' 22) (Capacity of capacitor or a

charging battery (capacitance))

1

-

O
r

ES request & 2.

T7}R/Z1IA =2 ES G7h A4S A Ao R @ st AR Y 4= AU} ES
request 73 H.= 7] T2] energy-related device capability/state 74 2./3} 2} v] ] of] 7]
Hkstel A4 H = AR A 4= ). ol A tH, T7F ES request 4 8.5 274 5= ol
E | =+ ES request A B trigger 2712 U2 £33 o Tk

(1) Device energy state/level (including device capacitor/battery state of charge)©]
574 gk mleh/ol ekl A5

(2) ESRP (ES-RSRP) gtol 574 gk v|wh/ol skl 45
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[332
[333
[334

|
|
|
[335]

[336]

[337]

[338]

[339]
[340]
[341]

[342]

[T
w2
L
ofy
2
s
mtm
o
ot
(@
[¢]
<
=-
[¢]
[¢]
=
<
03
<
=
o
o
r?
2
ofy
ol
i)
o
fr
©
s
>
s
o4,
Ot
ol
rir

=3

ES A& Aol & 98k device energy state 4 B.i= H5 5= A
st7] HsiA Hhek (AstE AR E A5 5 vk A, A Y S E
request, fully charged == ¢+5 4B, B2 ESRP bad/good/enough, 59 A H.&E H
31/ %3 4 ATk EAE T W3] ACK/NACK AR5 o/ $38hs JE
device energy state 4 X B 31/ E-& AT 5= 9o} ACK/NACK A BE+= R=>T
T L/EE T=>R A AT ARE Ba/A S8 3 5= It} Energy state S
B g et iy the] R7ZIAl = o] Aol 83 5 vk Aol e+
AT

ol & gk ZFA 3} H & el 9] device energy state 4 E. == ACK/NACK A4 X K 31/%
&+ dedicated AH91 & F3 A H.a1/HF 5 71, Rel-17 MBSOl A 5291 €l NACK
only I =1 2] 73 9-92} F-AL3HA (T & Ztell) shared T=>R A& S84 H.a1/A
= 5 AT

gk, 371 9] device energy state 4 H. 3= ACK/NACK A B BaL/A 52 57|
Ao = dAreddd A S Tl A Bay/dEehs Aol ol d 71 &
718l A o] AEj/d B E)E Ba/AEstE Ad = Ak oA, 1A e w2 A
A BayAs Aol A, v F=rnbe) sk AF 71852 (B, N-1,N,

ol &2 T=>R A &-o] 23} ¢ T, N+1H A occasionol| A A Fo] 7Fs3]H & 4
-, o] A NWH A = 5ol A 2] energy state 4 H., 1= ACK/NACK A H.E (N+1H ]
Auto} o) B/ EskE A Y = Aok 1= ol - M7 occasion =0l A 9] A
HE5 Ba/AsE g vk ol g Ba/AE ABE RVIA T2 A A2E, &
2 2§ latency Al 7], 12| 3L ACK/NACK A B.7} Ba1/H 55 = 4§ A - ol &
g3

RIZ1A = (ALA) A A ] o] §F Wl
R/7|1 A= (AR A Aol o] & W& R/7] A 0] device energy state 3 K. H.31/
AE e A& AHdel) AA/2 e, T R/7IA o] (ARl eol) A4/

3l 71 2} -S o]-8-3}o] A7) device energy state 4 HE B a1/ A5 8= WHHY 4=

—_— =

o]
AA

Device energy state 4 B B3/ 5 9§ A4S (54 AIRE 771 &5<h 571
Ao AAG/E/AAE 7 Atk o 71, " ez e o= "5 dE

& TV A o2 dbgst=e] ofu| & 23T 4= glt). o] = F7] 4]l device energy
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state 4 B.E H31/A15E Tl A RIZIA =9 F71 49 ES A5 AH 2/E+= T2
R<=>T FA/AE A Ao & A dsH7] 9 .

[HRE#P1 R/7] A =] (AL ell) A 7] JH. o T=>R
AES AsA, RIZIA =& (AR ol) A/t gk el T 1 2 A2 o]
ol = o] HHH ESE AF5T 7 A+

A7 HA B RIZIA -, (AR ol A g Al o] Ha= 1 Ak Al 2HA
o] Hof L= o] AFE ES A A& (T=>R AL} pair2) SIS = AT T+

7] Al o g2 AA/SEdE ES AS Aol A= ES A& ) 7 stE A Y

LT H#PLE A 37| Y8l A, R7IA o] (AR ol A A /argk 2}

= At e A Gl ES FA A Ve R AS Al e AR
k= o) WHH#PL-S (energy storage f--°ll #AI§lo]) 2 device EFY/E ] &~

(e.g., Device A/B/C)°ll A1 -g-2 4~ qlt}.

[ #P2] RI7I A Sro] (A1) A/ o A4S ol 8 4] AR TR
52 g, R4S Mol ESE A58 2 5 98

o 7%, RIZIAF-& A7) R o] TR A5 S 919 4w ES 14 A2 ¢ 4
ArEgEHA gL, i ARG FHel A S A ESE A5 e
o] = ==

=3
S AT T= 7] 2 o2 dA3dH ES A Aol A ES A2 7FA st
2~ 0

(1) Alt.P1) T:= ES 5=410] ® A5~ £E= ESE S84 (54 @l o] 2 =) EH
o] ¥ Aol vr A7) A H o] T=R A%< 53} o]

(2) AltP2) FE3=, T 4o A &4 ESE 714 &
1= 9] battery/capacitorE AF8-3Fo] 47| AR 9] T=>R A H=

(3) Alt.P3) 3=, AltP1S -4 02 43315, 71 9] 4
&

HHA#P2Y= 54 device BF/E U 222 A 5-oll FA A A L= 5= gl 54
device EF/E | 2== o 71 )] energy storage ‘s 2 ©] )= device BEFY/E # = (e.g.,

Device B/C)Y <= A},

R/IZVIA = 52 A Al o] 3l v
R/7| A= 2 A Aol o] 3k Wb H -2 R/7| A2 7] A H2] T=>R A%< ¥4
41 ES W/H%1= R=>T signal/channel %% A Tol Al A7 AHe] Has (A
q

d N, T RIZIA =
of o]l &k AAG/AIA/E] Gl oA (F-EWHoRE HA/AEH AF A= &
&1 A1) %71 device energy state 4 H.E 7 &5F= WY 3

o] W ol A device energy state 4 H. A EE 3 A5 Ao AA2EdE, 9
N A 53k vk} ol RV A= o] & A
Aoy AR/ E = B9-5 8T = e, o

= (ARl A2 ] = A device energy stat

-

¢]
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Hol A, = 123+ of] 34 ¥ %] 3= shared/common (T=>R) A} ¥ & 4=
At

[355]  [ES A&& T3 AA/A A& ]

[356]  ES A& T3 AA/AA/BE TR, BV 42 BES AF A2 A=
'H 745 %k (e.g., orthogonal) signal/sequence /5= A 2 Fi-¥] &= A XT3k =}
AL = Ut

[357] [R=>T signal/channel A &-& &3+ A /A A|/5] & 2]

[358] AVl AR HuE dA/AA/E]Eeh= W E o & A2l ske] payloadE &8l A
AFs A, iz (o] o] tate]) M 2 3412 ARYF kg A9 g SalA A
o = Ak 3, o 71 payloadel] Al ool A= % 58 Al ] Hg Ao
=, ol gk F A WA S A ARE o] HEe 5

[359]  [HE A9 2A]

[360] A7 AR 9] T=>R A% A A2, ES 2/%+ R=>T signal/channel & %2 &3l 4]
24X 18] -8t A Y, B= T7HES 741 HE4= EH €5 Al A7 54 A1t o]
Lo AF2 A Zshi= AY 7 ok 54 AIZEE T9 device energy state 4 1. Al
AR AR AS Y (eg, encodlng, modulation, waveform generation) 4~ & A| {F,
T=>R signal/channel A% =H] A2 AlJF 5& BF £33l gtoz 24dE
Rom, Al R (e.g., us, ms)©] Y (OFDM) symbol @41, slot &9, ¢ 5 3
.

[361]

[362] T7} device energy state 4 B A E-5 984 AR ) A/ dd A& 53l A
L= RIVVA T T8 A A A B Lol QA A7 ARE A= 7 S,

[363] (1) Alt.]) Ts= A7 AEE /T4 2 &2 AdAdsfof & o= vt T+,

[364] Q) AlL2) T= (58 S 7Rt o =) 7] AH] HAF o8 222 A4S
2= o]ﬂ.

[365] 2-1) Alt2T 3t 522 1 ASHA] 2l device A Bl ol 7] = (i.e., device
implementation) Y& I, 3F3HE F 2ol Z|Hbato] T7F A A RE A5k W
H4 S 238kt 4= gl

[366] (2-2) Alt28] 54 2312, /371 device 2] energy-related device capability/state 73
B/t o] 7]gkste] A o= glom o A vhe 23 58 3 = 2
.

[367] (2-2-1) T Yol A ES AF2 A 5k= 49 (7] ES request 4 B 7} trigger ¥
49)

[368] (2-2-2) Device energy state/level (including device capacitor/battery state of charge)
o] 54 gk n|qk/ol s}l 7 -5-

[369] (2-2-3) ESRP (ES-RSRP) #tol 57 gk v Rk/o] 3} Hoi= Z3l/o] <l 4+

[370] (2-2-4) Time to EH (EH®l| 28 % A|H7}F &7 ) v wh/olsf Ei= Z3}/0] /g9l

o]
K
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[371]
[372]

[373]

[374]

[375]

[376]

[377]

[378]

[379]

[380]

[381]
[382]

[383]

A1 t] 8} o] 2 (Tag/ambient IoT device &=+ T (user equipment, UE)) claim
AA A

ol s} =gt A Al o & % Xﬂl U] Hf-o] 2~ (Tag/ambient IoT device %=+ & (user
equipment, UE)) 9| &2} SHo|M & 78 23} ?xﬂ@,p_fﬁ dvg ke, o] &t A

P = e 489 ‘5912 Aot T A W AT i H 1] g g
o = g o AR F o] ThE HhH o AR ?"qﬁr X gHE) A, A% gl 2

O K D B 1 DU PR= D R ENG R =

o2

o] A&

S710 YA ol A, A1 vl vlo] 2= A2 Hyufo] 2= FE| A|1 ES (energizing signal)
& Tl g

S720 A A, A1 Tl ufo] 2= 7] A2 Tl upo] 2o A o 1 %] el A K
(energy state information)S- % % $+T},

S730 @A A, Al Huto] 2~3= AF7] A2 v npo] 2R B 47 o A| AHH
A H o) 7|HshE Alo] NEE 18T ] Alo] &= AR AR, S92}
%, A=, W, TRP (transmission and reception point), MCS (modulation and coding
scheme) & 3} o] 43 #A o)

S740 Al A, A1 Tlufo] 23= A7) A2 vlupo] 2R FE 4] Alo] Rl 7
Histo] HE| S84 | A2ES 2 Al B2 A5 E 5418k

S750 SAIN A, AL vlubo] 223= A7) A2 vluto] 2o Al A2 A AN e 5 A
El=

A7 A2

ot

oby

S, A7 Al A AT, A7) A2 E3 A5 3= A 7F 7|6 HE]| Z e
T ‘ZFJ]’ZI: ZIRE HE EE9 A "k A7) AlLES 2 A1 A2 EST CW (carrier

wave)oll 7| 9bsEaL, 7] AlLES B 7] A2 ESE ] A1 tlufo] 20| ot o 1
A e dE

ZEEERTE L

& 7] A2 Tt
[Rbske] AEH 7Y, B,

o A o] B FRE HA] ol S w
1 7] el i A

) =

o] 2xof] o ato] Al ol T Apl o
AE] B = 7] ALE ZS) 471 Al1 ESell 7] ¥Fsho] EH (energy
harvesting)7} 58 Al Q2 4 AL ol AF A, =, A7) oy
A B AR A7) A2 Hutol 2R R E 2 E = Alof A5l Z]gksto]

449

- 7H7\]/] vkt AN ol ol wp=w, 7] ol | A] el AR, 4] AL vkt
o] 9] oA I AX| 5= (energy related device capability), 37| A1 T]H}o]
9] o1 %] & (energy level), 7| A1 ES2| ESRP (ES-reference signal received
power, ES-RSRP), 7] Al|1 ESell 7| 1Fslo] EH (energy harvesting)©ll 4~ 2% A 3F

&
&

w2
12
n
Lo
>,
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[384]

[385]

[386]

[387]

[388]

[389]

[390]
[391]

[392]
[393]

[394]

(time to EH) 5= 8} o] & 3283 o7 itk A7] A2 ES9] 741 Al o] A7) +=
7] =] e A Bl 7]HkEst 4= 9]

BRA ] thekgt A A] o) Bol) 2R, g 7] ol WX B AR TE-2 7] Al

1 vfnpol o] YA B = wiE 2] o] T &= B " 7 vk AV ol A
g 8- 7] A1 afel 9] A ATE] = vl E 2] 9] V] S &5 uib] T4
JeEer HaE 5 3l

B A o] TRk /“/\1 o] w2, k79| AA] o=, 7] ESRP} Y A
ESRP9] H]alo] 7|Hkato], AF7] A1 tlufo] A~ 9] A F &= ES 41 A A Ko

gk 87 WA A& 4] ] 2 tdtol 22 HE sk WA 437 A2 nfo]
of| Al /7] A1 vlufo] 9] 47| A3 8= ES A A AR E AFet= dAE
= i 4] E}Okﬁ AA] ol Eoll WER, 7] A2 ES+= 7471 A1 tlvfo] 2~ 9] 4
7] Az eh= ES 741 Al A Bl 7| wksto] =4l 5= ol

- A 9] TheFst AA] o Eof] =, 47 A1 ESell 7] HEélo] EH (energy
harvesting)°l] 24~ 2 ¥ A} (time to EH)Z 7] A1 ES2] 41 Al 2F A A LE /7]
A1 ESell 715bsle] 471 EH7F ¢ s ¢ APSWW 2R E AR = Yk 471 EH
o] ¢t5 = 7] Al Hutol 29 A E H=viE g7 DA E vl & ol A
ol H& ou|st Ly, = 7] Al v upol 2271 A7 A2 Hute] o) Al 4471 A2
FARNZEAEFS FIA EE gu & 5 3

VA o] Theke AA] o Sl WEH, = 79 AA] o=, 4] A2 mERTE
71 ATES = 737] A2 ESe] A3 A Y= H2EF)~E A S (broadcast
signal) & T4l8kE @A & t] 23T 5 Sl

2 IRA o] theFgt AA] ol WEW, AV BEEANAE A= A7 AlLES
E= A7) A2 ES A7) Apdel thste] k& Hufo] 2919 M i FE 9 3

E
]

B A o] Thoba 4] ol Sol wheul B B4 Al 2 slo] A A1 T ko] 227} 4)
Flh AL T ko] 2 %ﬁm 9 Aol sl = A E Eihaa, 4]
o]z o] R AA =, 1 o] 2 o] =} Wb S =3l 5l &
T % gl

Olt

o H
3

2 TR AL o] ThaEgE A A] of Eol A A Z2glo] A A1 v ve] 25

Aot sz A7t Alg ek 37 4 shitel ZRAA 5 37] A=
shifo] LR A A Eol T2 7he kAl HEE Aol sk W B e E EE gk
A7 Aol & shue] W R 52, 7] o]k shibe] SR A A o &l Al aE =
Ao 71ukste], & 7 whE A1 t]ufo] ~ 2] F & it 8- =308} += X A| (instruction)
=2 AEst=E A E 5 v
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[395]

[396]
[397]

[398]

[399]

[400]

[401]

[402]

[403]

[404]

[405]

[406]
[407]

- INAL 9] ke A AL o & Ul}_ii?j, o}ur ol ko] WEol 2 A4t 5t
L} o] %ol Bl A Al A Q] (non-transitory) 71 4FF| #5 715 vl Al (computer readable
medium, CRM)7} Al - AT} AF7] 3Fu o] /2] W e of &=, 3l o] 4F2] 32 A4 9
o3 Ay = Ao 7|Wste, F2ES et AV e, BT E Al
tlufo] 2o F 2 b 2 3 4= gt

A2 t] v} o] 2 (Reader/interrogator %= 7] A| =1 (base station, BS)) claim &%
létﬂ: I
ol s} /=t AA| o &5 A2 vulo] 2~ (Reader/interrogator H=2= 7| A] = (base
station, BS))2| &2} oA &= 82 F 23] ?Xﬂ A o7 Aty o]t A
HeEWHES Ay HolE fele] F-iH A BT v H E] K] ghi= §F o
PHol AH A o] ThE b o] U :rL*Ur 2B ALY, AT bl A%
o]

A% Fe).

S820 WA el A, A2 vluto] 2= A7) A1 tlHto] 2R H ol 1 A] e g H
(energy state information)S- =21 $+C},

S830 @Al ol A, A2 v ko] 5= A7) A1 Tl ute] 2ol Al 471 ol A A e A K.
o) kel = Alo] M55 A5 FTh A7) Aol AE = AR AL, Fohg 219, A
2, }, TRP (transmission and reception point), MCS (modulation and coding scheme)
% st} o4} A

$840 Aol A, A2 vlnto] 23z 7] Al vl ko] ol Al A7) Ao A Kool 7]uk
sto] HE|Z2 | AR2ES E Al B2 NS E AFo),

S850 Aol A, A2 tlulo] 223= 7] Al Hulo]| 22 R E A2 A NS E =
Agkeh

F71 A2 ES, 7 Al FA A, ] A2 WA AT ARE 7R HE A
E= ‘ZFJ]’ZI: 7Rk HE E9 4 "ok A7) AlLES R 7] A2 ES+= CW (carrier
wave)ol] 71WFsEaL, 7] A1 ES B 737] A2 ESE 4 1 A1 e Bl 2ol th & ol

Al Faah dE

RN Y] TRaFg A A ol Eel wE, g7 ol A AHH qu‘i 71 A2 At
o] 2o ofsto] AbA ol ShdH Ap ol Z]Rksto] Al ¥ AL, i, AV ol | A
AE AR 7] Al ESS Al A == 7] Al ESel 7] 8Esko] EH (energy

A% Al A
harvesting) 7} $F32 ¥ A4 2 RE 54 ARE Fof] A E AL, Bz, 4] oY
A B AR A7) A2 Hutol 2R R E 2 E = Alof A5l Z]gksto]

P
E]TO]

=
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[408]

[409]

[410]

[411]

[412]

[413]

[414]

[415]

[416]
[417]

[418]
[419]

A o] Theke AA] o Sl Wb, AT ol J A Al A H =, AV AL Y e
o] 9] oA I AX| 5= (energy related device capability), 37| A1 T]H}o]
9] o x| #| " (energy level), 71 A1 ES2] ESRP (ES-reference signal received
power, ES-RSRP), 7] Al|1 ESell 7| 1Fslo] EH (energy harvesting)©ll 4~ 2% A 3F
(time to EH) % 3} o] 2 £33 4= Qlt}. A7] A2 ESS] =41 A o] A7) +=

7] ol A] e g Bl ZIREsE = Qi

VRS ThERE A AL ol Eoll W=, Y] ol | A W A A o2 AV Al
1 vufol o] FHsh Al Bl Bz v Bl 2] o] T4 &) dad ¢
g8 7] A1 ekl o] AT || iz vl E 2 o] V] &
el w5 3l

L EA R s ’%17\] o Eell wh=w, 5 89 A o 3=, 7] ESRP2} ) A
ESRPQ] H| 1ol 71Hb&}o], A7) A1 t]ufo] 29 AF &= ES 5221 29 A Koo
gk &% “ﬂ’\]ﬂ% 71 A1 Hupol 2o Al A sk @Al 7] Al vbpe] 27

) 3F z,:
o]
AR

harvesting)°l] 4~ & ] Al ZF (time to EH)- /37| & A4
A1 ESell 7]9kato] 471 EH7F b5 Al - 7EA] A28 | A ZE E] = AU

A o] TheFe A A o Sl W=, A7) EHO| kR = ] Al qﬂ}o]/\/]
AT E = e g 7 A E v S ol Aol g sy, B Y
A1 Huke] 271 7] A2 vlale] 2ol Al 471 A
£ ug = 3

- 7)A] & E}Ok@ A A of| &l U}E‘?i, 5= 89 AA] o= 471 AlLES H1= 7]
A2 ESY] A1} #HA = HREI|AE A (broadeast signal) & A 53 Wl

= 238 5= q)

¥ A S] hepat A el ol mhEy 4] R AE A% 4] AL ES
= g7] A2 ESe] 471 A hste] ThE Huto] 25he] 14 iz FE| 3
5 o) ghad g 4 glel.

/\] A ]XJ A= 1:/1 /\1—7]

ﬂﬂﬂ

ST A2 Vo] 2t 5417
ﬂqg&444imabE.ﬂw
T 5 ek,
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[420]
[421]

[422]
[423]
[424]
[425]

[426]

[427]

[428]

[429]

Lot ZRAMEC T2 7 s A& Aojw 0}‘/}4 ERER=1E= 55?:
gt A7) Aol stk M Be] 5, 4] Aol

3 =] = Aol 7| Rtsto], & 8ol whE A2 tjufo] 9] F2} Hc}‘jé% T at= AA
(instruction) &< A &stes 7449 AUt

|

BN o] thakst A A] o Sof] ul =, ) o] Aol el o] & A 4E= 8t
L} o] /2] B] A A] A Q1 (non-transitory) 7578 5 715 v

medium, CRM)7F A 261}, 237] BFLp o] ko] 1 o} =

o o8 A3y ¥ = Aol |ukatel, BaHE & S ayetar
=3

Al (computer readable
, BFLF ol o] L= AA
| 252, & 89 uf

2 A2 vlvfel 2] FH S Y 5

%0

A2 2 7 241 7171
ol 4=, B A Ao T A A] o So] A8 1= TA 7719 a]ol] e A

of,
r°"~
sz

5 9= 2 Aol A g 7he Al s el A Al Tube] & R A2 Tupe] o]

Zo dHE B8 o
A1 qu} 1 2~(1600)+= iiﬂw(mm) HE L} (1620), E WA B (1630), H 28]

(164005 =3+ 5= 3l
LR A A (1610)3= H| l*ﬂﬂﬁ A AT A E sty *oH 1 %MT
(1611) 2 28] A2 A8 (1615 X3
MAC A%, RRC A&, 3= 1 o] d9] 42
AS A F(1615)= PHY A5 2] 528 A
22(1600)7} 71 A =k 22k B Al ol A o] 7] A= =] Q) 75'%01] = 741%— A 2]
(1615 AFF A FA AT A, stgE A $A e A & 73T 9
th. d & Sof, A1 tlufo] 2~(1600) 7} wHE-zk 1 g %
AT AH1615)F st E A A 2lE A, A A 4 As A, A
ol A Al 23S A T& 8 4 AT ZE A A (1610)= Hol W= T
H AT AYE 38k A Qo 5, A1 v vlo] 2(1600) ARFe] F2HS Ao st

75 AU

Ot UrT(1620) st o] o] = 4
& 38t 49 MIMO 450
Frequency) $-417] 3 RF 4171 5 323
(1610)%] A4 2 2] ¥ AR, 2 A1
TAAA, N EE AN T& ALE 5 o, B 5o ?*é&i% 55?:*%‘

75 AU

A1 1‘43}01*(1600)4 ZE2AM(1610)3= & WA A A TEsh= A A ol =l A
o] 7] A Fghi g Bl o) A o] 7] x| Fhe] A Tz B0 A o] Al v
xo ]/] 57@)_ :rL?sz] o}_‘,{i /\47@51 2= o]ﬂ.
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e
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[430]
[431]

[432]

[433]

[434]

[435]

[436]
[437]

[438]
[439]

A2 Tl vlo] 22(1650)+= Z 2 A4 (1660), FEIU-(1670), E H A H(1680), H X<
(1690)E 23513 = it}

LR AMA(1660)= Mol 2ME B A& Hel 5 ?636}111,@#41 XMT
(1661) ¥ 2 AlF A 2] H(1665)5 E3 .
MAC A%, RRC A&, 5= 1 o] A AT 52 AT o Ut =7
Al A2 H(1665)+= PHY 2159 522 A2l d 4=t} o & &9, #l2 v}
0] 2+(1650)7F 7] A = -k g G2l ol A of bk x| Q1 A -]l E2] AT A H
(1665)+= 8t &FE = 741 A& A 2], FFH = T4 Me A & T3S 5 3
o}, ol & S0, A2 vl uko] 2(1650)7F @Ezt Sl A o] A2 @ A1 A -0
A5 xMT(1665)t st A FAl AlE A, A A S As A, A
olEHA A AT AP o& AT ¢ vk ZRAM(1660)3= Wl ol ~HlE
A 23S A E sk A 9ol &, A2 vl vko] 2(1660) ARES] 5 2hg Ao 3

ST 71H <HH]

SHEIUL(1670) %= B} o] 4] & ﬂ@%ﬂ%%ﬁ§%$
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T8
1 Hufe] 2of] ofste] =3 H = ol flofA,
2 tjvfo]l ~ =2 HE] A1 ES (energizing signal)E A 8= @A;
71 A2 Tl ulo] 2ol A o1 %] el A B (energy state information)< 2 %

2,

[ 1]

2,

:
2

Bl 7] ol QA e G Eoll 7IRbsk= Ao AT E

e

2
)

E -

R

o

>

ut

iz

2
o,
rl

AV
)

Xy ox G o

o

7] Ao Az = A A, T3k 24, A=, W, TRP (transmission and
reception point), MCS (modulation and coding scheme) & 3}1} o| 3} &
H;

271 A2 vlupo] 22 E] A7) Alo] A Kol 7|gkasto] HE]E A | A2
ES R All ¥ 255 g2k bl

23] A2 ko] 2ol Al A2 WA NE S AgeHs WS EEeha,
7] A2ES, A7) AL FA A5, 7] A2 WA N F = AR e e

R kL

[% 73} 2] A1 &kl ho] A,

71 AR B A H = 4] A2 vvfo] 2o o] sto] ARl of) Sk 2}
ol 7] 8ksto] A A, i,

7] oA G A R= 7] AlTESS] 74 Al A B 7] Al ESel 7]
HESho] EH (energy harvesting)7F 2 ¥ A 2 HE| &4 A[ZF Zof #
SH 7, B,

271 A A BB = 7] A2 vlvto] 22 FE FAE = Alo] Al

(713 3] A1 7ol glof A,
A7 A G A E =, A7) Al Hape] 9] o Y A] i AA] 5
(energy related device capability), 37| A1 vl vlo] 9] o1 %] & (energy
level), 7] A1 ES2] ESRP (ES-reference signal received power, ES-RSRP),
7] A1 ESell 7] Wale] EH (energy harvesting)©l] 4~ 2 F A| {1 (time to EH)

Bt o] & EghetaL,

71 A2 ESS] Al A o] A7) 5= A7 i A A A Hell 7] dbatE,

H

=}

o ol

of

3 kol dofA,

2,

[7d - 4]
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(%453 5)

[ 6]

(7478 7]

[ 8]

X
m
W
=
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B
uied
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m
W
=
)ﬁ
1o
R
1=
=
N
rE
Oft
i
£
o>

A }7] A1 Hulo] o] A E sl
= ES Al A G R ek 23 WA A 4] A2 tlule] 2R E
A

47 Az elvke] 2=0 2] 247] A1 Elute] 2] 7] A Eshiz BS 4 A4l

ARE HAEsh= GAE v £gska,

871 A2 ESs= 7371 A1 vupo] 29] 7] A wsh= ES 74 Ah¢l G Hoo
7|Hkske] Al E =,
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