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Introduction
In this contribution, we present our TP on the WUS guard RB simulation results with observation and proposals.
[bookmark: _Ref115159812]Discussion
In previous agreed TP for WUS guard band, the below text is agreed:

RAN4 suggests overall bandwidth of the wake-up signal in the NR channel i.e., desired signal along with all the required guard RBs shall fit in the maximum transmission bandwidth configuration as defined in Table 5.3.2-1 of TS 38.101-1.

 
Figure 7.1.2.1-1: Definition of the guardband of NR channel and guard RB for LP-WUS


[bookmark: _Hlk142251404]Figure 7.1.2.2-2: WUS at the edge of NR channel
In current TR 38.869 and RAN1 agreement below, there is no agreement on the guard RB placement yet, e.g (within or outside of BW X).  

[bookmark: _Toc134692283]7.2.1.2 Bandwidth and location
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes

So above understanding in RAN4 is that there are guard RBs which can be outside the 5MHz WUS signal allocation while in RAN1 current agreement, whether the guard RB can be within or outside the BW of WUS signal is not decided. Because RAN4 does not finalize the simulation activities and it is reasonable to keep such discussion open in RAN4.
[bookmark: _Ref146468055]RAN4 made the assumption the guard RB can be outside the WUS BW but RAN1 has no agreement on this yet
[bookmark: _Ref146468069]Whether RAN4 define the guard RB outside the WUS BW needs more discussion.
Because of this, in the following discussion and also the simulation, we use the number of shifted RB instead of the guard RB so that the eMBB signal can be still placed outside the LP-WUS BW. It is illustrated in Figure 1. This is to  differentiate that case where eMBB signal must be blanked for the guard RBs when placed outside the LP-WUS BW. From the simulation, we observe that the ACS case may need more shifted RB to increase the distance between LP-WUS signal and adjacent carrier and therefore more attenuation can be achieved for a certain filter design.  



[bookmark: _Ref146734508]Figure 1:RB offset definition for ACS case
Simulation results
To study the impact on the SNR performance of different filter order and the number of the shifted RB, the LLS simulation is performed. The simulation parameters are listed in Table 1 below. 

Table 1: LLS parameters
	Parameters 
	Value

	Carrier frequency 
	2.6 GHz

	Channel 
	AWGN

	SCS
	30 kHz

	UE Rx antennas 
	1 for WUR

	WUS bandwidth
	For OOK WUS: 
· 5 MHz (for 30 kHz SCS: 12 PRBs+ ~ 1 PRB guard band each side of WUS)

	Receiver filter
	Chebyshev filter of order 4, 6,8,10 

	Non-WUS transmissions
	ACS and ASCS case 

	Rx approach
	Payload based: based on Manchester decoding.

	RF impairments
	· Phase noise profile in [2]

	
	Phase noise (dBc/Hz)

	Offset
	NF 9 dB 
	NF 12 dB 
	NF 15 dB

	@5MHz
	-99.4
	-99.4
	-99.4

	@10MHz
	-108.1
	-105
	-102.1

	@15MHz
	-120
	-117
	-114








Simulation chain

[image: ]
[bookmark: _Ref146443524]Figure 2: Simulation signal processing chain
Figure 1 is illustrated the signal processing chain including the transmitter, channel and receiver. The IF BPF is used after the mixer and envelop detector then down-convert the IF signal to baseband. The phase noise is added to signal before the BPF to study the phase noise impact. The adjacent carrier is added together with AWGN noise before input to the receiver. 
ASCS case


[bookmark: _Ref142473789]Figure 3: ASCS simulation configuration with guard RB within WUS signal
In [1], our simulation shows there is no need to have more than 1 RB for the guard RB within the WUS signal BW. We simulate another case for ASCS which simulation configuration is illustrated in Figure 3. In this case, the WUS is placed at the channel edge near adjacent carrier and the power spectrum density of adjacent carrier is set to the same with NR cell carrier. The BLER performance is illustrated in Figure 4 for OOK1 and guard RB = 0.5 and guard RB=1. It can be observed that there is slightly SNR degradation (0.1 dB) for different filter order when phase noise is enabled, so the phase noise impact for ASCS is not obvious. It can be observed in Figure 4 that the filters with higher order than 4 have similar performance and 0.2 dB SNR does not motive the have better filter than filter order 4. In Figure 5, the BLER performance is compared for guard RB = 0.5 and guard RB= 1 case for filter order = 4. When increasing the nGuardRB from ½ to 1 at each side of the WUS, the SNR is degraded by 0.3 dB for the 4th order BPF when phase noise is OFF and by 0.1 dB when phase noise is ON. To confirm the trend, additional case is added for guard RB number = 1.5, this is illustrated in Figure 6, the same trend is observed for guard number =1.5 which has  and this means increasing the number of guard RB within the WUS signal may have penalty on the SNR.
[bookmark: _Ref146468087]The phase noise has no obvious impact on the ASCS performance for filter order 4 to 10.
[bookmark: _Ref146468097]The guard RB within the WUS signal BW should be less than 1 RB at each side of the WUS signal. Increasing the number of guard RB within the WUS BW has penalty on the SNR.
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[bookmark: _Ref146734735]Figure 4: BLER performance for ASCS for OOK1 and Guard RB = 0.5 and 1
[image: ]
Figure 5: BLER for OOK1 with phase noise ON/OFF for ASCS case and nGuardRB =1/2 and nGuard RB =1 (zoom in figure is placed at the right side of the general figure)
[image: ]



[bookmark: _Ref146735344]Figure 6:BLER for OOK1 with phase noise ON/OFF for ASCS case and Guard RB number =1/2, 1 and 1.5 for filter order 4

ACS case


[bookmark: _Ref146442661]Figure 7: ACS simulation configuration with guard RB and shift RB
As discussed above, in our opinion, RAN4 still needs to decide whether the WUS guard RB should be placed outside the WUS BW if to follow the RAN1 discussion. Therefore, the simulation configuration is illustrated in Figure 4 using the shifted RB instead of guard RB. The # of shifted RB is set to different size for a certain filter order design.
The BLER performance for the ACS case is illustrated from Figure 8 to Figure 10. It can be observed that the phase noise has strong impact on the SNR performance, for example, in Figure 8, for filter order of 8, SNR is degraded by 3 dB for OOK 4bit and 5 dB for OOK 2 bit and 3 dB for OOK 1 bit. It can also be observed in Figure 9 that filter order of 4 may only work if it were placed at middle of the 20MHz carrier. For OOK 1bit the WUS BW needs to be shifted at least by 18 RB, however, the filter order of 4 may not work for OOK 2bit, because even shifting the WUS guards by maximum of 19 RB doesn’t help to reach the 1% BLER illustrated in Figure 9.  In Figure 10, the needed shifting number of RB is around 6 to 10 for OOK 1bit to keep the SNR comparable to the ASCS case for filter order of 6. The needed shifted number of RB is around 20 for OOK 2 bit in Figure 10 which means it will be best to place WUS in the middle of the 20MHz channel.
[bookmark: _Ref146468106]The phase noise has strong impact on the ACS case.  At least 3 dB SNR degradation is observed for filter order of 8 and 10.
[bookmark: _Ref146468123]The BLER WUS performance has dependency on the modulation order of the OOK symbols (1bit, 2bit or 4 bit), filter order and shifted number of RB to the adjacent carrier.
[bookmark: _Ref146468116]The needed shifted RB number is in the range of 6 to 10 for OOK 1 bit with filter order of 6, for OOK 2 bit of the same filter with order 6, it is preferred to place the WUS in the middle of the 20MHz channel.
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[bookmark: _Ref146450738][image: ]Figure 8: BLER performance for different filter order w/wo phase noise at channel edge (nShiftRB=0)
[bookmark: _Ref146452664][image: ]

[bookmark: _Ref146736009]Figure 9: BLER performance for BFP order =4 and different # of shift RB with ACI = 33 dB
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[bookmark: _Ref146452504]Figure 10:BLER performance for BFP order =6 and different # of shift RB with ACI = 33 dB







Summary 
For ASCS case, phase noise has little impact on the needed guard RB.  For ACS case, the phase noise may degrade the SNR at least 3 dB for filter order of 8 and 10. 
The number of guard RB within the WUS signal for ASCS case does not need to be greater than 1, increasing the number of the guard RB within the WUS signal may have penalty on the SNR.
For ACS case, there is a need to shift the WUS away from the adjacent carrier to get more filter attenuation for the adjacent carrier, the number of the shifted RB depends on the WUR filter order and the number of bits per OFDM symbol. For example, it is preferred placing the WUS signal in the middle of 20MHz channel for OOK-2 for WUR with a filter of order 6. For OOK1 and for WUR with a filter of order 6, the WUS signal should be placed with 6 to 10 RB away from the Adjacent carrier channel edge excluding the NR channel guard band.
The observations from ACS simulation impacts the ACS design. The ACS is to test the UE receiver selectivity and the requirement is specified with a special test condition, e.g ACI level, the UL and DL RB placement. From the simulation results, it can be observed that it is necessary to introduce additional offset from the edge of WUS signal to ACI for certain filter design.  As it is not clear whether to test OOK1, OOK2 or OOK4 and which filter order WUR should be implemented, the detailed design of ACS test case could be discussed in work item phase.  
[bookmark: _Ref146468158]It is necessary to introduce additional RB offset between WUS signal to the ACI in the ACS test.
Observed from the simulation, we do not think it is necessary to introduce additional guard RB beyond the WUS BW. The reason is that for ASCS, more than 1 RB is not necessary. For ACS, blanking more RB adjacent to the WUS BW does not help to the leakage power from ACI obviously, shifting the WUS signal away from the ACI helps to attenuate ACI as leakage power from ACI much higher than leakage power from adjacent subcarrier.
[bookmark: _Ref146468167]Guard RB should be placed only within the WUS BW. 

TP proposal 

7.1.2.2	ACS evaluation
Company 4 (R4-2313476 and R4-2316280)
The simulation parameters are listed in Table 7.1.2.2-7 below. 
Table 7.1.2.2-7: LLS parameters
	Parameters 
	Value

	Carrier frequency 
	2.6 GHz

	Channel 
	TDL-CAWGN

	SCS
	30 kHz

	Delay spread 
	300 ns

	UE speed
	3 km/h

	UE Rx antennas 
	1 for WUR

	WUR sampling rate 
	10 Msps

	WUS bandwidth
	For OOK WUS: 
5 MHz (for 30 kHz SCS: 12 PRBs+ ~ 1 PRB guard band each side of WUS)

	Number of ADC bits
	8

	Receiver filter
	3rd order Butterworth 4, 6 , 8 and 10th order of chebyshev filter, filter BW is the same as WUS BW filter?

	Non-WUS transmissions
	Adjacent channel interference from other NR transmissions is considered. 

	Max. false alarm due to noise or random symbols
	0.1%

	Frequency offset (ppm)
	For OOK WUS: 
50 ppm maximum frequency error

	Rx approach
	Payload based: based on Manchester decoding.

	RF impairments
	Phase noise profile

	
	Phase noise (dBc/Hz)

	Offset
	NF 9 dB 
	NF 12 dB 
	NF 15 dB

	@5MHz
	-99.4
	-99.4
	-99.4

	@10MHz
	-108.1
	-105
	-102.1

	@15MHz
	-120
	-117
	-114







It can be observed in Figure 7.1.2.2-12 that for SNR@10% BLER the SNR gain is 2 dB when increasing the offset between WUS to ACS interferer from 5MHz to 10MHz for NF of 15 dB. For SNR@1% which is the same with PDCCH, the 5MHz offset result in error floor. The SNR gain is even higher for smaller NF (12 dB or 9 dB). The trend is similar for 1bit OOK and multi-bit OOK, though the SNR gain is more for multi OOK bit case than for single OOK bit per case.  The simulation does not take account the leakage power from ACS interferer. As for the reciprocal mixing, this is the impairment when a high-power level interferer signal present and filter attenuation does not help when the phase noise of the LO is mixed with interferer into the wanted signal bandwidth.
For ASCS case, phase noise has little impact on the needed guard RB.  For ACS case, the phase noise may degrade the SNR at least 3 dB for filter order of 8 and 10. 
The number of guard RB within the WUS signal for ASCS case does not need to be greater than 1 as illustrated in Figure 7.1.2.2.-12, increasing the number of the guard RB within the WUS signal may have penalty on the SNR in Figure 7.1.2.2.-13.
For ACS case, there is a need to shift the WUS away from the adjacent carrier to get more filter attenuation for the adjacent carrier, the number of the shifted RB depends on the WUR filter order and the number of bits per OFDM symbol. For example, it is preferred placing the WUS signal in the middle of 20MHz channel for OOK-2 for WUR with a filter of order 6. For OOK1 and for WUR with a filter of order 6, the WUS signal should be placed with 6 to 10 RB away from the Adjacent carrier channel edge excluding the NR channel guard band. This is illustrated in Figure 7.1.1.2.2-14.
The observations from ACS simulation impacts the ACS test case design. The ACS is to test the UE receiver selectivity and the requirement is specified with a special test condition, e.g ACI level, the UL and DL RB placement. From the simulation results, it can be observed that it is necessary to introduce additional offset from the edge of WUS signal to ACI for certain filter design.  As it is not clear whether to test OOK1, OOK2 or OOK4 and which filter order WUR should be implemented, the detailed design of ACS test case could be discussed in work item phase.  
Observed from the simulation, there is no need to introduce additional guard RB beyond the WUS BW. For ACS, blanking more RB adjacent to the WUS BW does not help to attenuate the leakage power from ACI, shifting the WUS signal away from the ACI helps more to attenuate ACI because the leakage power from ACI much higher than leakage power from adjacent subcarrier.
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Figure 7.1.2.2-12: BLER for OOK1 w/wo phase noise for ASCS caseLink performance when ACS interferer is present.
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Figure 7.1.2.2-13:BLER for OOK1 with phase noise ON/OFF for ASCS case and Guard RB number =1/2, 1 and 1.5 for filter order 4






Figure 7.1.2.2-14:BLER performance for BFP order =6 and different # of shift RB with ACI = 33 dB








7.1.2.4	Phase noise 
Editor’s note: reserved
At WUR receiver, reciprocal mixing occurs when a high-power level adjacent interferer signal that presents at antenna mixes with the oscillator noise sideband (phase noise).  The reciprocal mixing generates cochannel interference to the WUR receiver passband as illustrated in Figure 7.1.2.4-1.  One example for reciprocal mixing in ACS case is illustrated in Figure 7.1.2.4-2 based on one company simulation.
￼
Figure 7.1.2.4-1 Reciprocal mixing for ACI case
[image: ][image: ]








Figure 7.1.2.4-2 Reciprocal mixing for ACI case before the BPF 


Conclusions
In this contribution, we present our view on guard RB simulation for WUS signal with below observations and proposals:
Observation 1 RAN4 made the assumption the guard RB can be outside the WUS BW but RAN1 has no agreement on this yet
Proposal-1:Whether RAN4 define the guard RB outside the WUS BW needs more discussion.
Observation 2 The phase noise has no obvious impact on the ASCS performance for filter order 4 to 10.
Observation 3 The guard RB within the WUS signal BW should be less than 1 RB at each side of the WUS signal. Increasing the number of guard RB within the WUS BW has penalty on the SNR.
Observation 4 The phase noise has strong impact on the ACS case.  At least 3 dB SNR degradation is observed for filter order of 8 and 10.
Observation 5 The BLER WUS performance has dependency on the modulation order of the OOK symbols (1bit, 2bit or 4 bit), filter order and shifted number of RB to the adjacent carrier.
Observation 6 The needed shifted RB number is in the range of 6 to 10 for OOK 1 bit with filter order of 6, for OOK 2 bit of the same filter with order 6, it is preferred to place the WUS in the middle of the 20MHz channel.
Proposal-2: It is necessary to introduce additional RB offset between WUS signal to the ACI in the ACS test.
Proposal-3: Guard RB should be placed only within the WUS BW.
References
R4-2313476  LS reply on low-power wake-up receiver architectures, Ericsson 
R4-2309204 , Evaluation of Low power wake-up receiver architectures , Ericsson 



image1.emf
WUS 

UE channel BW [MHz]

NR

NR 

Guardband of UE channel 

Guard RBs for WUS

NR

Channel edge

Channel edge

Transmission Bandwidth Configuration N

RB


Microsoft_Visio_Drawing.vsdx
WUS
UE channel BW [MHz]
NR
NR
Guardband of UE channel
Guard RBs for WUS
NR
Channel edge
Channel edge
Transmission Bandwidth Configuration NRB



image2.emf
WUS 24RBs 

NR cell 1 

20/100MHz

NR NR 

ASCS Guard RBs 

Case 2: WUS At edge of the channel

 

ACS Guard RBs 

5MHz 

BW

interferer

NR cell 2 

Guardband of NR cell 1

Guardband of NR cell 2

Required Guard RBs for 

WUS


Microsoft_Visio_Drawing1.vsdx
WUS 24RBs
NR cell 1 20/100MHz
NR
NR
ASCS Guard RBs
Case 2: WUS At edge of the channel


ACS Guard RBs
5MHz BWinterferer



NR cell 2
Guardband of NR cell 1
Guardband of NR cell 2
Required Guard RBs for WUS



image3.emf
WUS

WUS BW

RB offset

Gurad RB

Adjacent carrier

Cell RB grid

Cell channel BW


Microsoft_Visio_Drawing2.vsdx

WUS
WUS BW
RB offset
Gurad RB
Adjacent carrier
Cell RB grid
Cell channel BW



image4.png
Transmitter

eMBBsignal |

LP-WUS
signal OFDM Up ™
Pre- Modulator Conversion
processing
E—
Receiver

Evenlp 1 Y

BB ADC LPF |[=— detector BPF W

LP-WUS signal

Phase noise

ACl

AWGN




image5.emf
Adjacent 

Subcarrier

Adjacent 

Subcarrier

# of 

Guard 

RB

WUS 5MHZ

# of 

Guard 

RB

20MHz NR BW

Adjacent carrier

20MHz NR BW

# Shifted RB=0


Microsoft_Visio_Drawing3.vsdx
Adjacent Subcarrier
Adjacent Subcarrier
# of Guard RB
WUS 5MHZ
# of Guard RB
20MHz NR BW
Adjacent carrier
20MHz NR BW
# Shifted RB=0



image6.png
Sims: {1049412} {1049413} Sims: {1049412}{1049413}

BLER

DL_1BSANT_1UEANT AWGN DL_1BSANT_1UEANT_AWGN
100 ACI =0, OOK1, nShiftRB = 0, nGuardRB=1/2 ACI =0, 0OKL, nShiftRB = 0, nGuardRB=1/2
=G BPF_orer - 4 Phase noise OFF G — BPF_order = 4 Phase noise OFF
— > — BPF order = 6 Phase noise OFF — = — BPF_order = 6 Phase noise OFF
— & — BPF_order = 8 Phase noise OFF — & — BPF_order = 8 Phase naise OFF
— ¥ — BPF_order = 10 Phase noise OFF — # — BPF_order = 10 Phase noise OFF
—o— BPF _order = 4 Phase noise ON 5— BPF_order = 4 Phase noise ON
—+— BPF order - 6 Phase noise ON s BPF_order - 6 Phase noise ON
a1 —&— BPF_order = 8 Phase noise ON —5— BPF_order = 8 Phase noise ON
10 = 10 Phase noise ON —— BPF_order = 10 Phase naise ON
v 1% BLER
i
102 =
@
103}
10 4 n n
-10 -9 -8 7 -7 -6.8 -6.6 -6.4 -6.2 -6

SNR [dB] 7 SNR [dB]




image7.png
Sims: {1049430}{1049429} Sims: {1049430} {1049429}
DL_1BSANT_1UEANT_AWGN DL_1BSANT_LUEANT_AWGN
100 ACI =0, 00K1, nShiftRB = 0, nGuardRB=1 005 ACI =0, 0OK1, nShiftRB = 0, nGuardRB=1
I I I i I I =4 e v OFF ’ e OFF
0.025
0.02
107
0.015
o -4
Y102 4
@ @ 001
10°
0.005
104 | N
0 95 9 85 8 75 7 65 6 55 5 68 67 66 65 64 63 62 61 -6 59

SNR [dB] SNR [dB]




image8.png
0.02

0.018

0.016

0.01

0.008

DL_1BSANT_1UEANT_AWGN
ACI =0, OOK1, BPF order 4, nShiftRB = 0 Phase noise ON

6.7 6.6 6.5 6.4 6.3 6.2
SNR [dB]

BLER

0.02

0.018

0.016

0.014

0.012

0.01

0.008

DL_1BSANT_LUEANT AWGN
ACI =0, 0OK1, BPF order 4, nShiftRB = 0 Phase noise OFF

66 65 64
SNR [dB]





image9.png
BLER

DL_1BSANT_1UEANT_AWGN
BPF_order = 4
ACI =0, 0OK1, nShiftRB = 0,

107

nGuardRB=0.5, 1 and 1.5
T T T

/= & - Phase noise OFF nGuardRB=0.5
|—6— Phase noise ON nGuardRB=0.5
|—e— Phase noise ON nGuardRl
|~ & - Phase noise OFF nGuardRB:
- & - Phase noise OFF nGuardRB=1
|—— Phase noise ON nGuardRB=1
v 1% BLER

102

10

1.5
SNR [dB]




image10.emf
Adjacent 

Subcarrier

Adjacent 

Subcarrier

# of 

Guard 

RB

WUS 5MHZ

# of 

Guard 

RB

20MHz NR BW

Adjacent carrier

20MHz NR BW

ACS=33 dB

# Shifted RB


Microsoft_Visio_Drawing4.vsdx
Adjacent Subcarrier
Adjacent Subcarrier
# of Guard RB
WUS 5MHZ
# of Guard RB
20MHz NR BW
Adjacent carrier
20MHz NR BW
ACS=33 dB
# Shifted RB



image11.png
BLER

sim: {1049384)

\NT_AWGT

hase noise ON

N
| epF er = 20

SNR [dB]





image12.png
G2

SR (08)





image13.png
BLER

103

104

-10

Sim: {1049381}
DL_1BSANT_1UEANT_AWGN
ACI =33, 00K1, nShiftRB = 0, Phase noise ON

o BPF rder =4
| BPF rder = 6

o BPF rder

—+— BPF rder = 10

SNR [dB]





image14.png
G102

1049380}
DL 1BSANT_1UEANT AWGN
, OOKL, nShiftRB = 0, Phase noise OFF

SNR (8]





image15.png
BLER

10°)

10

103

Sim: {1049382}
DL_1BSANT_LUEANT_AWGN
ACI =33, 00K2, nShiftRB = 0, Phase noise ON

e 3
o BPF rder=4
| BPF rder = 6
o BPF rder =8
—+— BPF rder = 10
I I
-10 5 [

SNR [dB]





image16.png
BLER

02

Sim: (1049378}
DL 1BSANT 1UEANT AWGN

3, 00K2, nShiRRE

Phase nolse OFF.

SNR [d8]





image17.png
BLER

e {1048387)

DL_1BSANT_1UEANT AWGN
ACI =33, 0OK2, BPF Grder = 4,Phase noise ON

=
C‘ngkmﬂ

K\"\\

X\

\\

\\

P

|

\&\;y

b nama - 10

SNR (48]




image18.png
BLER

Si

: {1049386)

DL_1BSANT_1UEANT_AWGN

ACI =33, 0OK1, BPF order =

hase noise ON

—&—nShiftRB
—— nshiftRs

nShiftRB
|—#—nShiftR8 = 6
—— nshiftRs
—&— nshiftRe
—7—nshiftRe
—&— nshiftRs
—<—nShiftRB =
—b— nshiftRe
—+—nshiftRs

104
-10

SNR [dB]





image19.png
BLER

Sim: {1049389}
DL_1BSANT_1UEANT_AWGN

100 ACI =33, 00K1, BPF order = 6,Phase noise ON
T T

—&—nShiftRB
—— nshiftRs
—e—nshiftRs
—s— nshiftRe
—— nshiftRs
—&— nshiftRe
—7—nshiftRe
—&— nshiftRs
—<— nshiftRe
—b— nshiftRe
—+— nshiftRs

SNR [dB]




image20.png
BLER

ACl =33,

Sim: {1049390}
DL_1BSANT_LUEANT_ AWGN
OOK1, BPF order = 6,Phase noise OFF

104

—&—nShiftRB
—— nshiftRs
—e—nshiftRs
—s— nshiftRe
—— nshiftRs
—&— nshiftRe
—7—nshiftRe
£ nShiftRB = 14
—<—nShiftR8 = 16
—b— nshiftRe
—+— nshiftRs

SNR [dB]





image21.png
Sim: {1049388}
DL_1BSANT_1UEANT_AWGN
ACI =33, OOK2, BPF order = 6,Phase noise ON

BLER

10°, T
TSHIR = 0
—— nShiftR = 2
—a— nShiftRs = 4
——nSNIftR8 = 6
—— nShiftR = &
—¢— nshiftRa = 10
—7—nshiftRe = 12
—2—nshiftRe = 14
—<—nshiftR = 16
101 —>— nshitRs = 18| |
—+— nshiftRe = 20
el
ol
104k
e |
10 0

SNR [dB]





image22.png
BLER

Sim: {1049391}
DL_1BSANT_LUEANT_ AWGN
=33, OOK2, BPF order = 6,Phase noise OFF

—— nshiftRs
—e—nshiftRs
—s— nshiftRe
—— nshiftRs
—&— nshiftRe
—7—nshiftRe
£ nShiftRB = 14
—<—nShiftR8 = 16
—b—nShiftR = 18
—+— nShiftR8 = 20

104
-10

SNR [dB]





image23.png
BLER

OOK1 (1bit per symbol), 12 OFDM symbol

107"

102

—©— without phase noise.
%5 MHz, NF=9, 12, or 15

10°

SNR [dB]




image24.png
BLER

OOK4 (2-bit per symbol), 12 OFDM symbols

10°,
%\‘\ N%H"(—)(—)(%H@H
107 *s
\ ey
N i o
-
102 S\N\ﬂ\aaﬁﬂfE—E—f
O~ without phase noise
———5MHz, NI 12,0r 15
5 10 MHz, NF=12
—+— 10 Mz, NF=15
15 MHz, NF=12
100 ~ 15MHz NF=15 \

0




image25.emf

Microsoft_Visio_Drawing5.vsdx

image26.emf

Microsoft_Visio_Drawing6.vsdx

image27.png
Powerffrequency (¢B/Hz)

conbined NR+WUS signal without reciprocal mixing before BPF

00

E] E] o
Frequency (MHz)





image28.png
2 5 8 § ? 2 g

Ty —




