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Introduction
[bookmark: _Hlk66110521]The revised SID in [1] has been endorsed in RAN#97-e.
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


This contribution provides use cases, KPIs, and evaluations on power, NW coverage, overhead, and latency. 
Use cases and KPIs
Collect use cases and KPIs and endorse them into TR
As reported by [1], 5G devices consume tens of milliwatts in the RRC idle/inactive state and hundreds of milliwatts in the RRC connected state. Current NR uses DRX to achieve power and latency trade-off to save power. However, when low power and low latency are needed, DRX may not fit the need. 
A low power wake-up signal (LP-WUS) can break the trade-off between power and latency. A customized, low-power wake-up receiver (LP-WUR) can continuously monitor LP-WUS with low power consumption. As a result, the main receiver can stay in sleep mode or be entirely powered off. 
Use cases and applicable RRC states for LP WUS/WUR are below.
Table 1: Use cases
	Use case
	Description
	Requirement
	Reference

	Wearables
	Wearables include smart watches, rings, eHealth-related devices, and medical monitoring devices. 
	The device's battery should last multiple days (up to 1-2 weeks).
	[2]

	Others
	XR, smart glasses, and smartphones
	The device's battery should last multiple hours. (up to 1-2 days)
	


Table 2: Applicable RRC states
	RRC states
	Description
	Requirement
	Reference

	RRC connected mode
	Main receiver goes into sleep states, i.e., micro or light sleep
	UE shall monitor LP-WUS via LP-WUR to reduce PDCCH monitoring 
	[3]

	RRC idle/inactive mode
	The main receiver can be powered off 
	UE shall monitor LP-WUS via LP-WUR to reduce the main receiver's active time (e.g., PO monitoring)
	[4]


The critical KPI values should be power consumption and data latency reduction. Also, companies may need to evaluate the system impact, including NW coverage and LP-WUS robustness. Some KPIs and targets are listed below.
Table 3: KPIs and targets
	KPI
	Description
	Target
	Reference

	Power consumption
	LP-WUR power consumption
	An LP-WUR uses Power consumption to monitor and parse LP-WUS. 
	Less than 1 milliwatt, e.g., 100 to 500 W
	IEEE 802.11ba

	
	UE power consumption
	Total UE power consumption includes the main receiver and LP-WUR operations.
	Reasonable power saving gain
	

	Latency
	Latency in RRC IDLE/INACTIVE
	The time interval between LP-WUS indication and main receiver PO reception, e.g., under e-DRX
	Hundreds of milliseconds 
	[4]

	
	Latency in RRC CONNECTED
	The time interval between LP-WUS indication and main receiver PDCCH monitoring s.t. minimum capacity impact.
	Several milliseconds 
	[3]

	Coverage
	Link budget, i.e., maximum isotropic loss (MIL)
	The link budget performance (MIL) is based on evaluation, including Noise Figure and required SNR
	-80 dBm of receiver sensitivity
TBD: Handling of coverage difference w.r.t. the worst NR channel (e.g., PUSCH)
	[2]

	Robustness
	Miss detection rate (MDR)
	The performance evaluation of LP-WUS should target a given miss detection rate at X% and a false alarm rate at Y%
	MDR = 0.1%
	[7]

	
	False alarm rate (FAR)
	
	FAR = 1%
	


[bookmark: _Toc115453072]Use cases can at least include wearables and XR for LP WUR/S.
[bookmark: _Toc115453073]KPI can includes power consumption, data latency, coverage (MIL), and robustness (MDR and FAR) for LP WUR/S.

UE power and data latency evaluation
Study potential power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms
UE power and data latency evaluation depend on a UE power consumption model, including a model update for the main receiver and a new power consumption model for LP-WUR.
The following power states and relative power consumption values are based on TR 38.840 and TR 38.875. A new power state, "power off," is added for a lower power level than deep sleep.
Table 4: Rel-15 Ref UE power consumption model for FR1 (TR 38.840)
	Power State
	Relative Power
	Additional transition energy:
(Relative power x ms)
	Total transition time

	Power off
	0.015
	50 x 400ms = 20000
	400 ms

	Deep Sleep
	1
	450
	20 ms

	Light Sleep
	20
	100
	6 ms

	Micro sleep
	45
	0
	0 ms

	PDCCH-only
	100
	
	

	SSB or 
CSI-RS proc.
	100
	
	

	PDCCH + PDSCH
	300
	
	


Table 5: Rel-17 RedCap UE power consumption model for FR1 (TR 38.875)
	Power State
	Relative power 
	Additional transition energy:
(Relative power x ms)
	Total transition time

	Power off
	0.015
	35 x 400ms = 14000
	400 ms

	Deep Sleep
	0.8
	450
	20 ms

	Light Sleep
	18
	100
	6 ms

	Micro sleep
	31
	0
	0 ms

	PDCCH-only
	50 for same-slot scheduling, 
40 for cross-slot scheduling
	
	

	PDCCH + PDSCH 
	120
	
	

	PDSCH-only
	112
	
	

	SSB/CSI-RS proc.
	50
	
	


Note that Rel-15 reference UE shall at least stay 20.3s in “power off.” Otherwise, staying in “deep sleep” will consume less energy. Rel-17 RedCap UE shall stay “power off” for 17.8s or more to consume less energy than deep sleep. 
The power consumption for LP-WUR depends on the receiver architectures and the target performance, including coverage, data rate, and interference resilience. The following power consumption values can be a starting point.
Table 3: LP-WUR power consumption model for FR1
	Power State
	Power (mW) 
	Additional transition energy:
(Relative power x ms)
	Total transition time

	WUR off
	2 W
	
	

	WUR on
	100-500 W
	0
	0 ms

	The reference configurations: frequency = 2.6 GHz, BW = 4MHz


Note that the reference power values for WUR on and WUR off depend on the receiver architectures and L1 signal design and procedures. However, having at least two power states is beneficial for discussing LP-WUR duty cycles.
The traffic model used to evaluate UE power consumption, including power consumption from LP-WUR and the main receiver, can refer to as [2]. We suggest shortening the inactivity timer for better UE power saving evaluation. The recommendations are below.
Table 6: baseline traffic models for FR1 
	 
	Instant messaging
	Heartbeat
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674. Assume max two packets bundled.

	Packet size
	0.1 Mbytes
	100 Bytes
	

	Mean inter-arrival time
	2 seconds
	60 seconds
	

	DRX setting
	Period = 320 ms
Inactivity timer = 20 ms
'On' duration: 10 ms
	C-DRX cycle 640 ms
Inactivity timer 80 ms
'On' duration: 10 ms
	Period = 40 ms
Inactivity timer = 10 ms
'On' duration: 4 ms


Details of SLS parameters are in the appendix.
[bookmark: _Toc115453074]For UE power and latency evaluation, introduce a power consumption model for LP-WUR, including WUR on/off power states and transition time/energy.
[bookmark: _Toc115453075]For UE power and latency evaluation, introduce a new power state of "power off" for the Rel-15 reference UE and Rel-17 RedCap UE.
[bookmark: _Toc115453076]For UE power and latency evaluation, reuse the traffic model in TR 38.875 as the baseline.

NW coverage and LP-WUS robustness/performance
Discuss assumptions for NW coverage, overhead, latency, power consumption, coexistence, and others
NW coverage depends on deployment scenarios and operation frequency bands. Some reference scenarios and analysis templates can be found in [8], e.g., 
· Rural with the carrier frequency of 700 MHz 
· Urban with the carrier frequency of 2.6 GHz
Detail templates in the appendix can be the baseline for the coverage evaluation. 
Using 802.11ba as an example, we can have MIL and receiver sensitivity results.  
Table 7: WIFI-like configurations
	Item
	Value
	Comments

	Total carrier bandwidth
	4 MHz
	The same as IEEE 802.11ba 

	Receiver noise figure
	18 dB
	8 dB margin to a WIFI main receiver [9]

	Occupied channel bandwidth
	3.6 MHz
	2RB/4RB margin for guard bands

	Number of received chains
	1
	The same as NR Rel-17 RedCap

	Required SNR
	3.7 dB
	32 bits payload without the use of I/Q [9] 


Table 8: analysis example based on WIFI-like configurations
	Operation frequency
	Item
	Rel-15 Ref UE
	Rel-17 RedCap UE
	Rel-18 LP-WUR

	700 MHz
	Link budget for control channel (MIL)
	160.53 dB
	153.83 dB
	136.33 dB

	
	Receiver sensitivity
	-102.13 dBm
	-98.43 dBm
	-84.74 dBm

	2.4 GHz
	Link budget for control channel (MIL)
	163.97 dB
	157.77 dB
	137.07 dB

	
	Receiver sensitivity
	-101.82 dBm
	-98.62 dBm
	-84.74 dBm


WIFI-like WUS may have a coverage performance gap compared to Rel-15 reference UE and Rel-17 RedCap UE. If WIFI-like WUS can be a baseline, how to further enhance it should be FFS in this study item.  
Note that a proper NR LP WUS/WUR coverage evaluation will need LLS assumptions, which depend on the receiver architectures and L1 signal design and procedures. The following model can be a baseline for LLS evaluation.
[image: Diagram

Description automatically generated]
Figure 1: general baseband model for LP-WUR LLS evaluation
	Name
	Definition
	Reference 

	3GPP channel
	TDL-C, NLOS
	TR 38.875

	Intra-cell Interference
	NR data is sent with LP-WUS in the frequency domain. Interference power level depends on guild band and LPF.
	R1-1902940
R1-2109954

	Inter-cell interference
	An interference cell shares the same RE with LP-WUS. Interference power level = 10.45 dB (for single interfering cell).
	TR 38.833

	Low-pass Filter
	Use a 2nd order Butterworth low-pass filter with cutoff frequency at approximately 2.5 MHz
	IEEE 802.11-17/0188r10

	Carrier frequency offset
	The tx oscillator has an inaccuracy of 20ppm, and the Rx oscillator has an inaccuracy of 180ppm. The total frequency offset is 200 ppm.
	IEEE 802.11-17/0188r10


The simplified baseband model can determine the required SNR value, evaluate LP WUR/WUS robustness, including MDR and FAR performance, and provide design guidelines for L1 signal and procedure designs. 
[bookmark: _Toc115453077]For coverage evaluation, at least consider carrier frequencies of 700MHz and 2.6GHz.
[bookmark: _Toc115453078]For coverage evaluation, reuse a template in R1-2009293 for Rel-18 RedCap.
[bookmark: _Toc115453079]For coverage evaluation, LP WUR/WUS link-level simulation (LLS) is essential to evaluate the required SNR and the occupied LP-WUS bandwidth. 
[bookmark: _Toc115453080]For LP WUR/WUS LLS evaluation, consider a general baseband model including interference, low-pass filter, and frequency error.

Other evaluations
Other evaluations may include coexistence and system overhead. 
In coexistence, legacy UE may not recognize the LP WUS resource between LP-WUS capable UE and legacy UE. The signal design and L1 procedure should ensure no impact or less impact on legacy UE. 
In system overhead, the LP-WUS resource requirement may depend on 1) LP-WUS is aperiodic or periodic, 2) UE grouping is UE-specific or group-UE specific; and 3) the use of LP-WUS is for wake-up or go-to-sleep signaling. The signal design and L1 procedure should take the system overhead into account.      
[bookmark: _Toc115453081]L1 signal and procedure design for LP WUR/WUS should consider coexistence and overhead impact.

Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1	Use cases can at least include wearables and XR for LP WUR/S.
Proposal 2	KPI can includes power consumption, data latency, coverage (MIL), and robustness (MDR and FAR) for LP WUR/S.
Proposal 3	For UE power and latency evaluation, introduce a power consumption model for LP-WUR, including WUR on/off power states and transition time/energy.
Proposal 4	For UE power and latency evaluation, introduce a new power state of "power off" for the Rel-15 reference UE and Rel-17 RedCap UE.
Proposal 5	For UE power and latency evaluation, reuse the traffic model in TR 38.875 as the baseline.
Proposal 6	For coverage evaluation, at least consider carrier frequencies of 700MHz and 2.6GHz.
Proposal 7	For coverage evaluation, reuse a template in R1-2009293 for Rel-18 RedCap.
Proposal 8	For coverage evaluation, LP WUR/WUS link-level simulation (LLS) is essential to evaluate the required SNR and the occupied LP-WUS bandwidth.
Proposal 9	For LP WUR/WUS LLS evaluation, consider a general baseband model including interference, low-pass filter, and frequency error.
Proposal 10	L1 signal and procedure design for LP WUR/WUS should consider coexistence and overhead impact.
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Appendix 
Coverage for 700MHz
	Item
	Rural, 700MHz (FDD), DL control

	　
	Rel-15 ref UE
	Rel-17 RedCap UE
	Rel-18 LP-WUR

	System configuration
	　
	　
	　

	Carrier frequency (GHz)
	0.70 
	0.70 
	0.70 

	Total carrier bandwidth (MHz)
	20.00 
	20.00 
	4.00 

	Transmission bit rate for control channel (bit/s)
	-
	-
	-

	Transmission bit rate for data channel (bit/s)
	-
	-
	-

	Target packet error rate for the required SNR in item (19a) for control channel
	1%
	1%
	1%

	Target packet error rate for the required SNR in item (19b) for data channel
	-
	-
	-

	Pathloss model
	TDL-C, NLOS
	TDL-C, NLOS
	TDL-C, NLOS

	UE speed (km/h)
	3.00 
	3.00 
	3.00 

	Transmitter
	　
	　
	　

	(1) Number of transmit antennas.
	16.00 
	16.00 
	16.00 

	(2a) # of gNB TXRUs
	2.00 
	2.00 
	2.00 

	(2b) Number of transmit chains
	2.00 
	2.00 
	2.00 

	(3a) Downlink Power Spectrum Density (dBm/MHz)
	36.00 
	36.00 
	36.00 

	(3b) Total transmit power for carrier bandwidth (dBm)
	49.01 
	49.01 
	42.02 

	(3bis) Transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)
	45.37 
	45.37 
	41.56 

	(4) Transmitter antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (4a) +10*log10( (1) / (2a) ) - (4b)  (dB) for downlink, and 
                    = (4a) +10*log10( (1) / (2b) ) - (4b)  (dB) for uplink
	17.03 
	17.03 
	17.03 

	(4a) Transmitter antenna element gain (dBi)
	8.00 
	8.00 
	8.00 

	(4b) Transmitter antenna gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for downlink and delta3 for uplink
	0.00 
	0.00 
	0.00 

	(5) Transmitter antenna gain (dB) at antenna gain component 2
Note: void (=zero) for uplink
	0.00 
	0.00 
	0.00 

	(6) Control channel power boosting gain (dB)
	0.00 
	0.00 
	0.00 

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.00 
	0.00 
	0.00 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3.00 
	3.00 
	3.00 

	(9a) Control channel EIRP = (3bis) + (4) + (5) + (6) – (8) dBm
	59.40 
	59.40 
	55.59 

	(9b) Data channel EIRP = (3bis) + (4) + (5) – (7) – (8)  dBm
	-
	-
	-

	Receiver
	　
	　
	　

	(10) Number of receive antennas
	2.00 
	1.00 
	1.00 

	(10bis) Number of receive chains
	2.00 
	1.00 
	1.00 

	(11) Receiver antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (11a) +10*log10( (10) / (10bis) ) - (11b)  (dB) for downlink; and 
                     = (11a) +10*log10( (10) / (2a) ) - (11b)  (dB) for uplink
	0.00 
	-3.00 
	-3.00 

	(11a) Receiver antenna element gain (dBi)
	0.00 
	-3.00 
	-3.00 

	(11b) Receiver antena gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for uplink, and delta3 for downlink
	0.00 
	0.00 
	0.00 

	(11bis) Receiver antenna gain (dB) at antenna gain component 2
Note: void (=zero) for downlink
	0.00 
	0.00 
	0.00 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1.00 
	1.00 
	1.00 

	(13) Receiver noise figure (dB)
	7.00 
	7.00 
	18.00 

	(14) Thermal noise density (dBm/Hz)
	-174.00 
	-174.00 
	-174.00 

	(15a) Receiver interference density for control channel (dBm/Hz)
	-999.00 
	-999.00 
	-999.00 

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-
	-
	-

	(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz
	-167.00 
	-167.00 
	-156.00 

	(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz 
	-
	-
	-

	(17a) Occupied channel bandwidth for control channel (Hz)
	8640000.00 
	8640000.00 
	3600000.00 

	(17b) Occupied channel bandwidth for data channel (Hz)
	-
	-
	-

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	-97.63 
	-97.63 
	-90.44 

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	-
	-
	-

	(19a) Required SNR for the control channel (dB) 
	-6.50 
	-2.80 
	3.70 

	(19b) Required SNR for the data channel (dB) 
	-
	-
	-

	(20) Receiver implementation margin (dB)
	2.00 
	2.00 
	2.00 

	(21a) H-ARQ gain for control channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.00 
	0.00 
	0.00 

	(21b) H-ARQ gain for data channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	-
	-
	-

	(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm
	-102.13 
	-98.43 
	-84.74 

	(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm
	-
	-
	-

	(23a) Hardware link budget for control channel (MIL) = (9a) + (11) + (11bis) − (12) − (22a)   dB
	160.53 
	153.83 
	136.33 

	(23b) Hardware link budget for data channel (MIL) = (9b) + (11) + (11bis) − (12) − (22b)  dB
	-
	-
	-

	Calculation of available pathloss
	　
	　
	　

	(24) Lognormal shadow fading std deviation (dB)
	8.00 
	8.00 
	8.00 

	(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)
	8.45 
	8.45 
	8.45 

	(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 
	-
	-
	-

	(26) BS selection/macro-diversity gain (dB)
	0.00 
	0.00 
	0.00 

	(27) Penetration margin (dB)
	12.50 
	12.50 
	12.50 

	(28) Other gains (dB) (if any please specify)
	0.00 
	0.00 
	0.00 

	(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) dB
	139.58 
	132.88 
	115.38 

	(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) dB
	-
	-
	-

	
	
	
	

	(40a) MCL for control channel = (3bis) + (6) −  (22a)  + (5) + (11bis) dB
	147.50 
	143.80 
	126.30 

	(40b) MCL for data channel = (3bis) − (7) − (22b)  + (5) + (11bis) dB
	-
	-
	-



Coverage for 2.6GHz
	Item
	Urban, 2.6GHz (TDD, DDDDDDDSUU (S: 6D:4G:4U)), DL control

	　
	Rel-15 ref UE
	Rel-17 RedCap UE
	Rel-18 LP-WUR

	System configuration
	　
	　
	　

	Carrier frequency (GHz)
	2.60 
	2.60 
	2.60 

	Total carrier bandwidth (MHz)
	100.00 
	100.00 
	4.00 

	Transmission bit rate for control channel (bit/s)
	-
	-
	-

	Transmission bit rate for data channel (bit/s)
	-
	-
	-

	Target packet error rate for the required SNR in item (19a) for control channel
	1%
	1%
	1%

	Target packet error rate for the required SNR in item (19b) for data channel
	-
	-
	-

	Pathloss model
	TDL-C, NLOS
	TDL-C, NLOS
	TDL-C, NLOS

	UE speed (km/h)
	3.00 
	3.00 
	3.00 

	Transmitter
	　
	　
	　

	(1) Number of transmit antennas.
	192.00 
	192.00 
	192.00 

	(2a) # of gNB TXRUs
	64.00 
	64.00 
	64.00 

	(2b) Number of transmit chains
	4.00 
	4.00 
	4.00 

	(3a) Downlink Power Spectrum Density (dBm/MHz)
	33.00 
	33.00 
	33.00 

	(3b) Total transmit power for carrier bandwidth (dBm)
	53.00 
	53.00 
	39.02 

	(3bis) Transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)
	45.38 
	45.38 
	38.56 

	(4) Transmitter antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (4a) +10*log10( (1) / (2a) ) - (4b)  (dB) for downlink, and 
                    = (4a) +10*log10( (1) / (2b) ) - (4b)  (dB) for uplink
	12.77 
	12.77 
	12.77 

	(4a) Transmitter antenna element gain (dBi)
	8.00 
	8.00 
	8.00 

	(4b) Transmitter antenna gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for downlink and delta3 for uplink
	0.00 
	0.00 
	0.00 

	(5) Transmitter antenna gain (dB) at antenna gain component 2
Note: void (=zero) for uplink
	8.00 
	8.00 
	8.00 

	(6) Control channel power boosting gain (dB)
	0.00 
	0.00 
	0.00 

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.00 
	0.00 
	0.00 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3.00 
	3.00 
	3.00 

	(9a) Control channel EIRP = (3bis) + (4) + (5) + (6) – (8) dBm
	63.15 
	63.15 
	56.33 

	(9b) Data channel EIRP = (3bis) + (4) + (5) – (7) – (8)  dBm
	-
	-
	-

	Receiver
	　
	　
	　

	(10) Number of receive antennas
	4.00 
	2.00 
	2.00 

	(10bis) Number of receive chains
	4.00 
	2.00 
	2.00 

	(11) Receiver antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (11a) +10*log10( (10) / (10bis) ) - (11b)  (dB) for downlink; and 
                     = (11a) +10*log10( (10) / (2a) ) - (11b)  (dB) for uplink
	0.00 
	-3.00 
	-3.00 

	(11a) Receiver antenna element gain (dBi)
	0.00 
	-3.00 
	-3.00 

	(11b) Receiver antena gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for uplink, and delta3 for downlink
	0.00 
	0.00 
	0.00 

	(11bis) Receiver antenna gain (dB) at antenna gain component 2
Note: void (=zero) for downlink
	0.00 
	0.00 
	0.00 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1.00 
	1.00 
	1.00 

	(13) Receiver noise figure (dB)
	7.00 
	7.00 
	18.00 

	(14) Thermal noise density (dBm/Hz)
	-174.00 
	-174.00 
	-174.00 

	(15a) Receiver interference density for control channel (dBm/Hz)
	-999.00 
	-999.00 
	-999.00 

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-
	-
	-

	(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz
	-167.00 
	-167.00 
	-156.00 

	(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz 
	-
	-
	-

	(17a) Occupied channel bandwidth for control channel (Hz)
	17280000.00 
	17280000.00 
	3600000.00 

	(17b) Occupied channel bandwidth for data channel (Hz)
	-
	-
	-

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	-94.62 
	-94.62 
	-90.44 

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	-
	-
	-

	(19a) Required SNR for the control channel (dB) 
	-9.20 
	-6.00 
	3.70 

	(19b) Required SNR for the data channel (dB) 
	-
	-
	-

	(20) Receiver implementation margin (dB)
	2.00 
	2.00 
	2.00 

	(21a) H-ARQ gain for control channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.00 
	0.00 
	0.00 

	(21b) H-ARQ gain for data channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	-
	-
	-

	(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm
	-101.82 
	-98.62 
	-84.74 

	(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm
	-
	-
	-

	(23a) Hardware link budget for control channel (MIL) = (9a) + (11) + (11bis) − (12) − (22a)   dB
	163.97 
	157.77 
	137.07 

	(23b) Hardware link budget for data channel (MIL) = (9b) + (11) + (11bis) − (12) − (22b)  dB
	-
	-
	-

	Calculation of available pathloss
	　
	　
	　

	(24) Lognormal shadow fading std deviation (dB)
	7.00 
	7.00 
	7.00 

	(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)
	7.56 
	7.56 
	7.56 

	(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 
	-
	-
	-

	(26) BS selection/macro-diversity gain (dB)
	0.00 
	0.00 
	0.00 

	(27) Penetration margin (dB)
	26.25 
	26.25 
	26.25 

	(28) Other gains (dB) (if any please specify)
	0.00 
	0.00 
	0.00 

	(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) dB
	130.16 
	123.96 
	103.26 

	(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) dB
	-
	-
	-

	
	
	
	

	(40a) MCL for control channel = (3bis) + (6) −  (22a)  + (5) + (11bis) dB
	155.20 
	152.00 
	131.30 

	(40b) MCL for data channel = (3bis) − (7) − (22b)  + (5) + (11bis) dB
	-
	-
	-



Details on SLS assumptions
System-level simulation (SLS) can be considered for network capacity and spectral efficiency. Like TR 38.875, the assumptions in TR 38.802, Table A.2.1-1 are used as the baseline.
Table 9: assumptions for alignment purpose for system-level simulation
	Parameters
	FR1 values

	Layout
	Single layer, Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Scenario and frequency
	Dense Urban: 700MHz (FDD), 2.6 GHz (TDD), 4 GHz (TDD) 

	Frame structure for TDD
	For 2.6 GHz: DDDDDDDSUU (S: 6D:4G:4U), For 4 GHz: DDDSUDDSUU (S: 10D:2G:2U)

	Channel model
	3D-UMa

	UE distribution
	20% Outdoor in cars: 30km/h, 80% Indoor in houses: 3km/h

	Traffic model
	Non-full buffer traffic, e.g., FTP traffic model 3 for the reference NR UEs and the IM traffic model from TR 38.840 [6] for RedCap UEs

	Traffic load
	Non-full buffer traffic: Low (e.g., <30%) and medium (e.g., 30%-50%) loading (resource utilization)

	WUS BW
	2MHz, 4MHz, 10MHz, 20MHz

	WUS periodicity
	On-demand, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms
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