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Abstract—This article provides an overview of the Low-Power
Wake-Up Signal (LP-WUS) design in 3GPP Rel-18. A partic-
ular focus is the analysis of the different proposed low-power
waveform designs in the Rel-18 study item including coding
and modulation. The performance of the waveforms is compared
through numerical simulations under various channel conditions.
Furthermore, a novel coding scheme is proposed that exploits the
WUS repetitions in time-domain to transmit additional payload
and significantly increases spectral efficiency.

Index Terms—low-power, 3GPP 5G, wake-up signal

I. INTRODUCTION

Low-Power Wake Up Signals (LP-WUS) are essential in
many low power communication protocols such as LoRa,
Bluetooth or WiFi [2]. These signals allow for the design
and implementation of low power radios and thus contribute
significantly to a reduction in power consumption for devices
with application in (Industrial) Internet of Things (IoT).

In cellular networks, 3GPP has agreed to carry out a Study
Item (SI) on LP-WUS [4] in Release 18 with the report avail-
able in [3]. The goal of the SI is to evaluate the potential re-
duction in power consumption of a 5G device equipped with a
LP Wake-Up Radio (WUR). Typically, a 5G device consumes
tens of milliwatts even if it is not transmitting or receiving any
data. This idle power consumption is due to the fact that the
5G device has to carry out periodic measurements and check
for potential paging messages. Hence, 5G-enabled IoT devices
without an external power source are difficult to implement in
practice. Consequently, the LP-WUR is independent of the 5G
Main Radio (MR), i.e. the 5G MR can be powered off while
the LP-WUR is active and searching for a potential WUS.
The LP-WUR functionality may be very similar to existing
WUS in LTE and 5G Rel-17 (Paging-Early Indication) which
are based on legacy Zadoff-Chu sequences and the Physical
Data Control channel (PDCCH), respectively. More precisely,
the devices are configured into different groups, each group
corresponding to a sequence or a bit position in the PDCCH
payload. If a device is in idle mode it will search for the WUS
according to the system configuration. If the WUS contains
the group identification of the UE, the device will proceed
and decode the paging message, otherwise it will go back to
sleep and wait for the next WUS occasion.

The LP-WUS SI is divided into three topics, (i) the evalua-
tion of LP-WUS, (ii) LP-WUS receiver architectures and (iii)
physical design and procedures of the WUS. The evaluation
of LP-WUS focuses on identifying the potential power saving
gains, coverage requirements and resource overhead.

Different receiver architectures are discussed including RF
envelope detection, a heterodyne architecture with IF envelope
detection, a homodyne/zero-IF architecture with baseband en-
velope detection as well as various receivers for FSK detection.

The topic of WUS physical layer design concentrates on
issues such as waveform design and comparison, WUS band-
width and location, measurements, payload content, coding
and WUS monitoring procedures.

In this paper, we focus on the WUS physical layer design. In
Section II a concise introduction of the evaluated waveforms
and coding schemes is presented. Subsequently, the receiver
design is discussed in Section III. Section IV proposes a time-
domain overlay code to increase spectral efficiency. Numerical
results are provided in Section V and the paper is concluded
in Section VI.

II. PHYSICAL LAYER DESIGN

This section explains how a WUS payload is transmitted
on the physical layer. The general requirement is that the
WUS generation integrates seamlessly into the legacy NR
signal generation. A general block diagram of the WUS
transmission is shown in Figure 1. The B information bits
b = [b0, b1, ..., bB−1] are encoded and the resulting C coded
bits c = [c0, c1, ..., cC−1] are modulated onto L consecutive
OFDM symbols each carrying M bits. That is, M is the
number of coded bits per OFDM symbol. Subsequently, the
WUS in frequency-domain Sm of message m = 0, 1, .., 2B−1
is mapped to the overall resources Xm of K sub-carriers and
OFDM-modulated resulting in the time-domain signal xm(t).

Fig. 1. Block-diagram of LP-WUS waveform generation.

Note that in the report [3], there is no concise separation
between information bits (uncoded bits) and modulated bits.
Here, we denote B the total number of information bits, C the
number of coded bits and M the number of modulated bits
per OFDM symbol. For instance, if the WUS payload B = 4
bits is encoded with a Manchester code of rate R = 1/2, the
resulting C = 8 coded bits are transmitted over L = 4 OFDM
symbols if the WUS modulation scheme supports M = 2 bits
per OFDM symbol.

In general the WUS modulation schemes can be divided
into two categories: (i) schemes that use the entire WUS
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Bandwidth (BW) and (ii) techniques that partition the WUS
BW into multiple segments. Each of these categories consists
of techniques that can transmit one or more bits per OFDM
symbol.

A. Coding

Prior to WUS modulation, the B information bits b are
encoded to C coded bits c. Denote codeword c′ of length
C ′ ≤ C encoding bit sequence b′ of length B′ ≤ B. The
coding scheme considered by most companies is Manchester
coding. In its simplest form, a rate R = 1/2 Manchester code
maps a single input bit to two coded bits, i.e.

c′ =

{
[0, 1] if b′ = 0

[1, 0] if b′ = 1.
(1)

The main advantage of Manchester coding is that it allows
for a simple and robust decoder. More precisely, the decoder
simply compares a metric (e.g. received energy) corresponding
to the two encoded bits as opposed to a threshold which is
difficult to obtain in fading channels. Note that the decoders
are discussed in Section III.

A straight-forward extension (or generalization) to the above
coding scheme can be achieved by jointly encoding more than
one bit, such that

c̄′ = 2m (2)

where c̄′ is the decimal representation of codeword c′ with
length C ′ = 2B

′
and m = 0, 1, ..., 2B

′ − 1. The code rate
is R = B′/2B

′
, B′ = 1 and B′ = 2 both have code rate

R = 1/2 whereas B′ = 3 yields R = 3/8.

B. Multi-Carrier On-Off Keying

On-Off Keying (OOK) is a well-known modulation allowing
for a low-power receiver implementation, i.e. envelope/energy
detection. It is a special case of Amplitude Shift Keying (ASK)
where there are only two amplitudes, ON and OFF. When
applied to a multi-carrier system, such as OFDM, OOK is
also referred to as multi-carrier (MC) OOK, because the ON
and OFF signals typically span multiple sub-carriers.

Consider the MC-OOK modulated frequency-domain signal
Sm of length N sub-carriers for message m = 0, 1, ..., 2B−1.
Moreover, denote A = [A0, A1, ..., AKS−1] the ON-sequence
of length KS sub-carriers. The OFF-sequence is defined as all
zeros.

The 3GPP LP-WUS SI considers four different OOK
schemes and their resource allocation per OFDM symbol is
illustrated in Figure 2.

1) OOK-1: OOK-1 is the classical MC-OOK scheme,
where M = 1 bit is transmitted per OFDM symbol, i.e.
N = KS if no Guard-Band (GB) is considered and Sm = A
if c = 1 and Sm = 0 if c = 0.

2) OOK-2: Parallel OOK: A straightforward extension of
OOK-1 to M > 1 is OOK-2, where the available BW N is
used to transmit multiple independent parallel OOK signals
of length NM sub-carriers, i.e. Sm = [S0,S1, ...,SM−1].
Evidently, for the same BW N , the WUS sequences of the
parallel OOK-2 transmissions are significantly shorter than

Fig. 2. Resources allocation of LP-WUS waveforms.

for OOK-1. Moreover, it may be necessary to add a GB
between the parallel transmissions to mitigate interference
between the transmissions due to the non-ideal filtering at
the receiver to extract each individual OOK transmission.
Moreover, since OOK-2 constitutes independent OOK trans-
missions, Manchester coding is applied in time-domain which
means that the transmit power of the WUS depends on the
payload. Consequently, the gNB might not be able to use all
the available transmit power for the WUS, sometimes the gNB
transmits over the entire WUS BW and at other times only on
some segments, which is not ideal.

3) OOK-3: OOK-3 is a scheme where the WUS BW is
divided into segments and only a single sub-carrier per seg-
ment is modulated. The number of parallel OOK transmissions
is determined by the length of the segments. The position of
the modulated carrier is known to the UE. A special receiver
architecture with a Goertzel filter is required to demodulated
the signal. We mention this scheme for completeness but it
will not be considered in the evaluations.

4) OOK-4: Precoded Multi-bit OOK: A block-diagram of
OOK-4 is shown in Figure 3. The coded bits per OFDM
symbol c′ (typically C ′ = M ) are mapped to time-domain
sequences a of length NM resulting in sequence sm =
[s0,m, s1,m, ..., sM−1,m] of length N , i.e. si,m = a if c′i = 1
and si,m = 0 otherwise, i = 0, 1, ...,M − 1.

Fig. 3. Block-diagram of OOK-4 modulation per OFDM symbol.

Subsequently, the time-domain signal sm is transformed
into frequency domain, via DFT-precoding (or Least-squares
approximation), before being mapped onto the OFDM re-
source grid. Prior to DFT-precoding, sm may be adapted
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Fig. 4. Ideal received OOK-4 time-domain waveform after LP-filtering and
down-sampling, b′ = {1} with Manchester coding.

through pulse-shaping or other signal modification procedures.
Similarly, the signal Sm after DFT-precoding may be modified
to alter the spectral shape. For instance, a quantization of the
complex values in Sm to existing QAM symbols can be ap-
plied which may reduce the implementation complexity at the
gNB, [5]. An example of the ideal, i.e. without noise, received
OOK-4 waveform after LP filtering and down-sampling, cf.
Table I, for different M is shown in Figure 4.

C. Frequency Shift Keying

Two FSK schemes are considered in the SI, transmitting B′

information bits (M >= 2 coded bits) per OFDM symbol,
see Figure 2. Note, that in these FSK schemes, coding and
modulation are not readily separated.

1) FSK-1: This scheme divides the WUS BW into B′ pairs
of non-overlapping segments of length NM , i.e. B′ = M/2.
Consider the corresponding WUS for message m, Sm =
[S0,S1, ...,S2B′−1]. Each pair {Si,Si+1}, i = 0, 2, .., 2B′−1
is modulated as

{Si,Si+1} =

{
{0,A} if c = 0

{A, 0} if c = 1.
(3)

As in OOK-2, there may be potential GBs between the
segments to mitigate inter-segment interference at the receiver.
Note that FSK-1 is very similar to OOK-2. In fact, FSK-1
is identical to OOK-2 with Manchester coding R = 1/2 in
frequency-domain. FSK-1 can also be viewed as a frequency-
domain equivalent of Manchester-coded (R = 1/2) OOK-4.

2) FSK-2: FSK-2 divides the WUS BW into 2B
′

non-
overlapping segments where only a single segment is mod-
ulated. Hence, the position of the active segment signals the
bits b′. For B′ = 1 this scheme is identical to FSK-1.

Note that FSK-2 and OOK-4 with extended Manchester
coding in (2) are equivalent schemes with OOK symbols
in frequency and time-domain, respectively. In fact, their
performance in ideal conditions is identical. However, FSK-2

is sensitive to the frequency-selectivity of the channel because
of the BW partitioning. Whereas OOK-4 is sensitive to timing
errors, due to the shorter OOK symbol duration, [3].

3) Discussion: All of the above waveforms have their ad-
vantages and disadvantages. The robustness of the waveforms
to various impairments including frequency-error, timing-
error, interference and accuracy of the analog-digital con-
verter (ADC) are evaluated in [3]. The results suggest that
single frequency segment waveforms (e.g. OOK-1, OOK-4)
are robust to frequency offsets than multi-frequency segments
waveforms (e.g. OOK-2, FSK). Moreover, shortening the
symbol duration, e.g. increasing M in OOK-4 or increasing
the sub-carrier spacing, increases sensitivity to timing errors.
An ADC resolution of 4-bit has been shown to be sufficient
for all schemes. Note, that all evaluations assume Manchester
coding, without Manchester coding many of the results will
not hold true anymore.

The OOK waveforms OOK-1, OOK-3 and OOK-4 where
the symbols are distributed over the entire BW are more robust
to frequency-selective channels than schemes that use only
part of the BW for each bit (OOK-2, FSK). The multi-bit
schemes OOK-4 and FSK, increasing M , OOK-4 becomes
more sensitive to timing errors but is robust to fading, whereas
FSK becomes more sensitive to fading but is robust to timing
errors. FSK will also entail a more complex receiver design
compared to OOK, because multiple receive branches are
required to extract the frequency segments and to process the
signal. That is why most of the low-power receiver designs
favor OOK waveforms [8].

D. WUS Sequence Design

In general, the WUS sequence A in time or frequency
domain can be any appropriate sequence, e.g. Gold or Zadoff-
Chu sequences. For instance, in 802.11ba [2] the sequence is
composed of any QAM symbols of the specified constellations.
Multiple known sequences can be used to encode additional
information, but this will require a more complex receiver that
is able to carry out correlations. In addition, a known sequence
could allow for the design of better receive filters to match the
spectral shape.

III. RECEIVER DESIGN

The LP-WUS is designed to allow for a low power receiver
implementation. A non-coherent envelope detector (ED) can
be implemented with very low power consumption and com-
plexity because it does not require phase information of the
received signal (no power-hungry PLL required). An ED has
only access to the magnitude |r(t)| of the received signal r(t).
Consider the case of the AWGN base-band model

r(t) = xm(t) + n(t) (4)

with OOK, where x0(t) = 0, x1(t) = A and n(t) is i.i.d.
zero-mean Gaussian noise with variance σ2. From [1, Equation
7-4-6] we obtain the decision rule where the ED decides x1

if

|r| > b with b = σ

√
1 +

γ

4
(5)
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and x0 otherwise, with SNR γ = A2/σ2. For fading-channels,
computing the threshold b is difficult but can be estimated
via a known preamble sequence or computed heuristically
and then stored in the receiver. Manchester coding can be
utilized to avoid complex threshold determination and improve
the detection process. The base-band received signal r(t) is
obtained by down-conversion, analog-digital conversion and
low-pass (LP) filtering of the WUS. Subsequently, the energy
uin corresponding to bit i of codeword n is accumulated over
T samples at offset ti, i.e.

uin =

ti+T∑
t=ti

|r(t)|2. (6)

Denote un = [u0n, u1n, ..., uC′−1n] the accumulated energy
values of each coded bit c′i, i = 0, 1, ..., C ′ − 1 in codeword
c′n. The corresponding estimated input message m̂n reads

m̂n = argmax
i=0,1,...,C′−1

{uin}. (7)

The estimated bits b̂′n are obtained by converting m̂n into its
binary representation.

IV. TIME-DOMAIN OVERLAY CODE

A simple technique to increase the coverage of the LP-WUS
is repetition in time-domain, i.e. the WUS Sm is repeated LR

times. To increase spectral efficiency, it is proposed to transmit
additional information Bh by overlaying a signal across the
repetitions [9]. This scheme can be applied to any of the WUS
waveforms discussed in the previous section, i.e. the payload
B = Bv + Bh is split into Bv bits that are encoded and
modulated as in Figure 1 and the Bh bits are transmitted via
the time-domain overlay code across the LR repetitions.

A. Code Generation

In every OFDM symbol l within a repetition r, the
WUS is multiplied by a complex symbol wr,mh

depend-
ing on message mh = 0, 1, ..., 2Bh − 1. Denote wmh

=
[w0,mh

, w1,mh
, ..., wLR−1,mh

] the modulated codeword of
length LR in codebook W . If Bh ≤ LR, an orthogonal
encoding scheme can be used, e.g. W is the DFT matrix of
size LR and the modulated codewords wmh

are the rows or
columns of W . On the other hand, if Bh > LR we propose to
utilize a non-coherent linear code to generate W . For a linear
code, the codewords c are generated from the input bits b as
c = bG, where G is the generator matrix of size Bh × LR.

In order to limit the complexity of the decoder at the LP-
WUR, we consider BPSK modulation, i.e.

wr,mh
= e−jπcr,mh , r = 0, 1, ..., LR − 1 (8)

with coded bits cr,mh
= {0, 1}.

A suitable generator matrix G = [IBh
|PBh×(LR−Bh)] can

be found, for instance, by the methods described in [6]. An
example used in the numerical evaluations for Bh = 5 and
LR = 14 is given by

P5×9 =


0 1 0 0 1 1 0 0 1
1 0 1 0 1 1 0 0 1
1 1 0 0 0 0 1 0 1
0 0 1 1 0 0 1 0 1
1 0 0 1 1 0 1 0 1

 (9)

When applied to the time-domain sequence sr,mv , the final
sequence sr,m of the combined message m = mv + mh2

Bv

is obtained as

sr,m = sr,mvwr,mh
. (10)

B. Receiver

An optimal receiver estimates the payload B = Bv + Bh,
where the Bv bits are transmitted with the LP-WUS waveform,
by correlating the received signal rr,p of repetition r and
receive antenna p with all possible messages sr,m, i.e.

m̂ = argmax
m


P−1∑
p=0

∥∥∥∥∥
LR−1∑
r=0

rHr,psr,m

∥∥∥∥∥
2
 (11)

where P denotes the number of receive antennas. To reduce
the receiver complexity, i.e. the number of correlations, it is
proposed to decode Bv independently from Bh via energy
detection, cf. Section III. The receiver decodes the Bh bits
through correlations with all possible input signal sr,mh

for a
given hypothesis m̂v , i.e.

m̂h = argmax
mh


P−1∑
p=0

∥∥∥∥∥
LR−1∑
r=0

rHr,psr,mh,m̂v

∥∥∥∥∥
2
 (12)

where sr,mh,m̂v
are the hypothesis for message mh given the

hypothesis m̂v .
Compared to a simple ED, decoding the Bh bits requires

additional complexity at the WUR. More precisely, a coherent
reception is required, i.e. phase information has to be obtained
via a power-hungry PLL circuit. Additional processing has to
be carried out to compute the correlations with all possible
codewords, e.g. 32 correlations for Bh = 5. Hence, the pro-
posed waveform design allows for the coexistence of WURs
with varying degrees of complexity. Low-complexity devices
use ED to detect Bv and devices with less stringent power
requirements, e.g. devices that have access to an independent
power source such as solar, heat, etc., are able decoded Bh

additional bits.

V. SIMULATION RESULTS

In this section, we compare the performance in terms of
Block Error Rate (BLER) of the various schemes under dif-
ferent channel conditions and averaged over 100k realizations.
The general simulation assumptions are summarized in Table
I. To allow for a fair comparison, we fix the transmit power
per OFDM symbol and ensure that the total transmit power
over all OFDM symbols is identical.
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Parameter Value

Carrier Frequency 2.6 GHz
Sub-carrier Spacing 30 kHz
System BW 20 MHz (51 PRB)
Antenna Config SISO
WUS BW 5 MHz (12 PRB)
WUS Sampling Rate 7.68 MHz
LP Filter 3rd order Butterworth
LP Filter BW (OOK-1/4) 4.32 MHz
LP Filter BW (OOK-2,FSK) NM SCs
WUS Sequence A or a Zadoff-Chu: A = exp{−jπu

n(n+1)
NZC

}
WUS Sequence Parameters u = 1, n = 0, 1, ..., 143, NZC = 149
Receiver Energy Detector
Channel Model AWGN, TDL-C 300ns
Impairments None

TABLE I
LINK-LEVEL SIMULATION ASSUMPTION [7] AGREED IN EMAIL

DISCUSSION [POST-RAN1#112-LP_WUS2]”.

A. Comparison for M = 2

The results in Figure 5 show the performance in AWGN for
a payload of B = 2 bits and Manchester coding. Consequently,
OOK-1 requires L = 4 symbols of which only 2 are active
for any payload. OOK-2 and FSK-1 are configured without
inner GB (NM = 72), for a fair comparison with OOK-4,
because a GB would reduce the segment size NM and hence
the LP filter BW resulting in an additional SNR gain since
less noise is captured. Additionally, we apply a power boost of
10 log10(4/3) dB for OOK-2 so that the total average transmit
power is the same as for the other schemes. This is necessary
since for payloads b = [0, 0] and b = [1, 1] OOK-2 is only
transmitting in one OFDM symbol because of Manchester
coding in time domain.

From Figure 5, we observe that OOK-4 is outperforming
OOK-1 by 1.2dB at 1%BLER which is due to the fact
that all the transmit power is concentrated in a shorter OOK
symbol, the OOK-4 symbol is half as long as OOK-1, re-
sulting in a higher SNR per OOK symbol. OOK-2 performs
worse than OOK-4 because of interference between OOK
symbols since OOK-2 applies Manchester coding over time
domain. More precisely, the imperfect LPF will capture energy
from the neighboring segment. For payloads b = [1, 0] and
b = [0, 1] this interference impacts the detection performance.
The performance of OOK-2 can be improved by using a GB
(NM = 8) and therefore shortening the segments. This reduces
the BW of the LPF which captures less noise and thus the SNR
per segment (OOK symbol) increases. Note that in the extreme
case, only a single SC may be active. However, as we will see
later, the performance in frequency-selective channels suffers
significantly.

FSK-1 has essentially the same performance as OOK-4.
Moreover, for M = 2, FSK-1 does not suffer from interfer-
ence of neighboring segments as OOK-2 because Manchester
coding is applied in frequency-domain and hence only a single
segment is active per OFDM symbol.

Figure 6 compares the same schemes in a frequency-
selective channel. It can be observed that the techniques
dividing the BW into segments, i.e. OOK-2 and FSK, suffer
a performance loss compared to OOK-1/4. The reason is the

−10 −9 −8 −7 −6 −5 −4 −3 −2
10−4

10−3

10−2

10−1

100

SNR [dB]

B
L

E
R

OOK-1
OOK-2, NM = 72
OOK-2, NM = 8
OOK-4
FSK-1, NM = 72

Fig. 5. Performance comparison of various LP-WUS waveforms, AWGN,
B = 2, M = 2, L = 2, OOK-1: M = 1, L = 4.
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Fig. 6. Performance comparison of various LP-WUS waveforms, TDL-C
300ns, B = 2, M = 2, L = 2, OOK-1: M = 1, L = 4.

loss of frequency diversity. OOK-2 with NM = 8 illustrates
this well, the small BW makes it vulnerable to deep fades in
the channel frequency response. At low SNR, where the noise
is dominating, OOK-2 outperforms the other schemes since
the LPF rejects noise well.

B. Comparison for M = 4

Figures 7 and 8 compare the performance for M = 4
in AWGN and TDL-C, respectively. For OOK-2, we apply
a power boost of 10 log10(32/30) dB to ensure the same
average transmit power. It can be observed that in AWGN,
”OOK-4, R=1/2” performs similar to FSK-1. Moreover, if the
same encoding scheme as for FSK-2 is applied to OOK-4, i.e.,
”OOK-4, R=2/4”, both schemes have identical performance.
On the other hand, in the TDL-C channel, all schemes parti-
tioning the WUS bandwidth perform significantly worse than
the schemes that utilise the entire WUS BW. For instance,
there is a performance difference of almost 3dB at 1% BLER
between FSK-2 and ”OOK-4, R=2/4”.
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Fig. 7. Performance comparison of various LP-WUS waveforms, AWGN,
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Fig. 8. Performance comparison of various LP-WUS waveforms, TDL-C,
B = 4, M = 4, L = 2, OOK-1: M = 1, L = 8.

C. Time-Domain Overlay Code

In Figure 9, we compare the performance of OOK-4 with
and without an overlay code for a payload of B = 8 bits
and 14 OFDM symbols, i.e. one slot. The reference scheme
(red lines) uses L = 2 consecutive OFDM symbols and a
repetition factor of LR = 7. The overlay code of Bh = 5
(blue lines) and Bh = 7 (orange lines) is applied to a OOK-
4 modulation with M = 8 and M = 2, respectively. For
Bh = 5 we use a Manchester code with rate R = 3/8 to
transmit Bv = 3 bits. It can be observed that the schemes with
overlay code significantly outperforms the reference schemes
at the expense of moderately increases receiver complexity.
For M = 8 and M = 2 the gain is almost 5dB and 4dB at
1%BLER, respectively. Moreover, in the schemes with overlay
code, the Bv bits have lower BLER and benefit from increased
error protection. Consequently, decreasing M (i.e. decreasing
Bv) and increasing Bh reduces the overall performance. The
simulation results show that spectral efficiency is significantly

−16 −12 −8 −4 0 4 8 12
10−3

10−2

10−1

100

overall

Bv bits

SNR [dB]

B
L

E
R

M = 8, R = 1/2, L = 2, LR = 7

M = 8, R = 2/4, L = 2, LR = 7

M = 8, R = 3/8, LR = 14, Bh = 5

M = 2, R = 1/2, LR = 14, Bh = 7

Fig. 9. Performance comparison of various OOK-4 waveforms with overlay
code, TDL-C 300ns, 14 OFDM symbols, B = 8.

increased (i.e. more bits can be transmitted over the same BW)
while only requiring a slightly higher SNR at the receiver.

VI. CONCLUSION

In this paper, we present a concise summary of LP-WUS
waveforms discussed in the 3GPP Rel-18 study item and
provide simulation results of their respective performance
in different propagation scenarios. Moreover, we propose a
time-domain overlay coding scheme and show that it can
significantly increase spectral efficiency with moderate re-
ceiver complexity. Low-power communication steers a lot of
interest within the 3GPP community because of its vast market
opportunities. Many companies support the standardization of
LP-WUS in Rel-19 as well as the study of the related subject
called ”Ambient-IoT” investigating the integration of ultra-low
power devices into the 5G ecosystem.
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