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Introduction
In Rel-18, a study item was approved for low-power wake-up signal and receiver for NR (WID in RP-222644 [1]), and it 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 summarizes the discussions on low-power wake-up receiver (LP WUR) architectures in RAN1#112bis-e. 
Section 2 provides a summary of the agreements as the outcome of RAN1#112bis-e discussions. Section 3 captures the proposals for online sessions. Section 4 documents the detailed discussions. Agreements from previous meetings and companies’ proposals from the contributions are captured in the Appendix.
RAN1#112bis-e Agreements
Proposal 1-1:
Provide the following response to RAN4 on “Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design”:
· Yes, IoT/wearables/smartphone UE types are all considered for LP-WUR design, according to the following agreement made in RAN1#112:
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.



Proposal 1-6:
Provide the following response to RAN4 on “Whether FR1 is considered as first priority frequency range”:
· Yes, FR1 is considered as first priority frequency range in RAN1, and it is still FFS whether FR2 should be included in the scope of the SI.

Proposal 1-7:
Provide the following response to RAN4 on “Whether in-band power boosting of LP-WUS is considered from RAN1 perspective”:
· RAN1 is considering as part of evaluation, the in-band power boosting of LP-WUS. As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following for the modelling of adjacent subcarrier interference. RAN1 would appreciate feedback from RAN4, if any, on the power boosting assumptions made in RAN1.
	Adjacent subcarrier interference
	· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional



Agreement
OOK-2 can be received using the agreed receiver architectures for OOK with parallel envelope detection.

Proposal 1-2r2:
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in Section 8.1 of TR 38.840. The UE power model for RedCap UEs can be found in Section 6.2 of TR 38.875.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.


· RAN1 has not reached any agreements on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded.
FFS: Target coverage of LP-WUS




Proposal 1-3r2:
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
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
FFS: Whether FR2 is included in the scope of LP-WUS SI


· RAN1 has not discussed the RF bandwidth of 1.4MHz for LP-WUS, and has not reached any conclusion on the maximum occupied RB number in 5MHz RF bandwidth case for LP-WUS. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP-WUS bandwidth, the guard band and the filter.
	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

	Filter 
	X-th Order filter (e.g. Butterworth, Chebyshev, …) with Y MHz bandwidth,
· X = {3, 5}
· Companies to report Y
Companies to report any other assumptions if needed




Proposal 1-4r1:
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if applicable”:
· RAN1 has reached the following agreement on SCS:
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 


·  In addition, as the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following assumptions for LP-WUS:
	Configuration for LP-WUS signal
	For OOK/FSK waveform,
· Option 1a: M=1 and SCSs = 15kHz (same as NR signal)
· Option 1b: M=1 and SCSs = 30kHz (same as NR signal)
· Option 2a: M =2/4/8 for SCS = 15KHz (same as NR signal)
· Option 2b: M =2/4/8 for SCS = 30 kHz (same as NR signal)
· Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz
· Note: M is referred to the definition of “M” in the agreements for OOK-1/2/3/4 and FSK-1/2
For OFDM: FFS, e.g., ZC sequence

Other options are up to companies to report



Proposals for Online Sessions
Proposals for 04/18 Online 
Proposal 1-1:
Provide the following response to RAN4 on “Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design”:
· Yes, IoT/wearables/smartphone UE types are all considered for LP-WUR design, according to the following agreement made in RAN1#112:
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.



Proposal 1-2r1:
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in TR 38.840. [The UE power model for RedCap UEs can be found in TR 38.875.]
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.


· RAN1 has not reached any agreements on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded.
FFS: Target coverage of LP-WUS



Proposal 1-3r1:
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
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
FFS: Whether FR2 is included in the scope of LP-WUS SI


· RAN1 has not discussed the bandwidth of 1.4MHz for LP-WUS, and has not reached any conclusion on the maximum occupied RB number in 5MHz bandwidth case for LP-WUS. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP-WUS bandwidth and the guard band between LP-WUS and other NR transmissions in the same carrier.
· [RAN1’s understanding is that the guard band size at least depends on the frequency offset requirements and the adjacent channel/subcarrier selectivity requirements. RAN1 assumes RAN4 will discuss the guard band size from RAN4 perspective, and would appreciate any input from RAN4.]
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS



Proposal 1-4:
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if applicable”:
· RAN1 has reached the following agreement on SCS:
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 



Proposal 1-5r1:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has not explicitly discussed WUS located in a band separate from the UE’s NR band, and does not have any agreement to explicitly include or preclude such a case in RAN1 study. So far RAN1 discussions have focused on the same in-band case. But a separate band for WUS is not precluded.

Proposal 1-6:
Provide the following response to RAN4 on “Whether FR1 is considered as first priority frequency range”:
· Yes, FR1 is considered as first priority frequency range in RAN1, and it is still FFS whether FR2 should be included in the scope of the SI.

Proposal 1-7:
Provide the following response to RAN4 on “Whether in-band power boosting of LP-WUS is considered from RAN1 perspective”:
· Yes, RAN1 is considering the in-band power boosting of LP-WUS. As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following for the modelling of adjacent subcarrier interference. RAN1 would appreciate feedback from RAN4, if any, on the power boosting assumptions made in RAN1.
	Adjacent subcarrier interference
	· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional



Proposal observation 3-1: (OOK-2)
OOK-2 can be received using the agreed receiver architectures for OOK with parallel envelope detection.

Potential Proposals for Email Endorsement 04/20 8:00 UTC
Proposal 1-2r2:
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in Section 8.1 of TR 38.840. The UE power model for RedCap UEs can be found in Section 6.2 of TR 38.875.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.


· RAN1 has not reached any agreements on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded.
FFS: Target coverage of LP-WUS




Proposal 1-3r2:
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
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
FFS: Whether FR2 is included in the scope of LP-WUS SI


· RAN1 has not discussed the RF bandwidth of 1.4MHz for LP-WUS, and has not reached any conclusion on the maximum occupied RB number in 5MHz RF bandwidth case for LP-WUS. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP-WUS bandwidth, the guard band and the filter.
	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

	Filter 
	X-th Order filter (e.g. Butterworth, Chebyshev, …) with Y MHz bandwidth,
· X = {3, 5}
· Companies to report Y
Companies to report any other assumptions if needed




Proposal 1-4r1:
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if applicable”:
· RAN1 has reached the following agreement on SCS:
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 


·  In addition, as the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following assumptions for LP-WUS:
	Configuration for LP-WUS signal
	For OOK/FSK waveform,
· Option 1a: M=1 and SCSs = 15kHz (same as NR signal)
· Option 1b: M=1 and SCSs = 30kHz (same as NR signal)
· Option 2a: M =2/4/8 for SCS = 15KHz (same as NR signal)
· Option 2b: M =2/4/8 for SCS = 30 kHz (same as NR signal)
· Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz
· Note: M is referred to the definition of “M” in the agreements for OOK-1/2/3/4 and FSK-1/2
For OFDM: FFS, e.g., ZC sequence

Other options are up to companies to report



Proposals for 04/24 Online 
Proposal 1-5r4:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied from RAN1 perspective.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Whether LP-WUS is applicable for TDD / FDD (with full duplex operation)
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)



Proposal 3-2r2: (OOK-3)
Study the receiver architecture (as an example that can be captured in the TR) for OOK-3 based on at least the following example diagram:
· For digital BB processing,
· Goertzel filters are used to computer the signals for a small number of tones, which replaces FFT.
· Tone energy is computed and a detection algorithm is used to detect the presence of WUS.
· [Note: a self-mixing envelope detection before the LPF in DBB can be added to receive a signal generated using OOK-1 with lower LO accuracy requirements.]
· Note: Other architectures are not precluded.
[image: ]


Proposed observation 4-3r1: (FSK parallel receiver)
For FSK receiver based on parallel OOK receivers with heterodyne or zero-IF architecture, the frequency gap between two adjacent frequencies or two adjacent frequency sets segments should not be smaller than two times of the maximum frequency offsets if no interference between the segments’ detectors is allowed. Smaller gaps than two times the maximum frequency offset can be possible if interference between the segments’ detectors is allowed. , and aAt least two times of the max frequency offsets within the frequency gap should not be used by other DL signals/channels or other WUS signals.

Proposed observation 4-4: (FSK with frequency to amplitude conversion)
The FSK architectures with frequency to amplitude conversion is applicable to single-SC FSK, but it may be challenging to make the frequency to amplitude conversion work well with multi-subcarrier FSK, where each frequency segment has multiple subcarriers.

Proposed observation 4-6: (FSK with frequency to amplitude conversion)
For the FSK architectures with frequency to amplitude conversion, the bandwidth between the frequency segments used for FSK transmissions may not be used for other LP-WUSs or legacy NR transmission in order to allow frequency to amplitude conversion to work properly.

LP WUR architectures
Discussions on RAN4 LS
RAN4 sent a reply LS to RAN1 on LP WUR architectures in R1-2302287(R4-2303712), in response to RAN1 LS R1-2212999(R4-2300011).
RAN4 informed RAN1 that RAN4 make some initial assumption and agreements, e.g., 
· RAN4 assume 1RX architecture for LP-WUR as starting point
· ACS values from current UE specifications are used as a starting point for discussion to evaluate LP-WUR performance
· Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point
· Guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth
· No impact of LP-WUS on the existing gNB emissions and compliance requirements is baseline
· RF envelop detection architecture is more appropriate for single-band operation 
· IF/BB envelop detection is more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received.
RAN4 would also like to know the following clarifications from RAN1: 
· Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
· Power consumption, coverage and SNR targets 
· Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
· Possible supported SCS for LP-WUS, if applicable
· Whether WUS can be located in a band separate from the UE’s NR band
· Whether FR1 is considered as first priority frequency range 
· Whether in-band power boosting of LP-WUS is considered from RAN1 perspective

How to reply to RAN4’s clarification questions have been discussed in some contributions submitted to RAN1#112bis-e ([3]-[11],[15],[19]).

UE types
On “Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design”, all the companies proposed to respond positively based on the agreements RAN1 made in RAN1#112.
[CLOSED] Proposal 1-1:
Provide the following response to RAN4 on “Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design”:
· Yes, IoT/wearables/smartphone UE types are all considered for LP-WUR design, according to the following agreement made in RAN1#112:
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.



	Company
	Comments

	MTK
	Agree. IoT/wearables/smartphone UE types are all considered.
 

	vivo
	Agree

	InterDigital
	We support all IoT/wearables/smartphone UE types. 

	OPPO
	Agree

	Xiaomi
	Agree

	Intel
	Agree

	Nokia, NSB
	Support Proposal

	Spreadtrum
	Agree

	ZTE, Sanechips
	Agree

	QC
	Agree with proposal. In case RAN1 makes any progress on latency requirement, it is better to replace FFS with the agreed latency requirement numbers.

	LGE
	Agree

	Samsung 
	Support the proposal.

	Panasonic
	Agree.

	Huawei, HiSilicon
	Agree

	Ericsson1
	Agree

	CATT
	Agree

	Moderator
	It was agreed during 04/18 online. Discussion closed.



Power consumption, coverage and SNR targets
On “Power consumption, coverage and SNR targets”, here are the proposed responses from companies.
	[3][4]
vivo
	Answer: The UE power consumption models for different operating states of existing devices have been defined as power units relative to the power consumption of deep sleep state, while the absolute power consumption is not defined, and up to implementation. In particular, 
· Power model for non-RedCap 4Rx UEs has been captured in TR 38.840. For FR1, the relative power for non-RedCap UE deep sleep state is 1 unit, while the relative power for PDCCH-only monitoring (same-slot scheduling) or SSB/CSI-RS processing is 100 units. Other details are captured in section 8.1.1 of TR38.840. 
· Power model for RedCap UEs has been captured in TR 38.875. In particular,
· For 2Rx RedCap UEs, the relative power for deep sleep state is 0.8 unit, while the relative power for PDCCH-only monitoring (same-slot scheduling) or SSB/CSI-RS processing is 50 units. 
· For 1Rx RedCap UEs, the relative power for different states are further scaled by “0.7” compared to those of 2Rx RedCap UEs. For FR1, the relative power for deep sleep state is 0.56 unit, while the relative power for PDCCH-only monitoring (same-slot scheduling) or SSB/CSI-RS processing is 35units. Other details are captured in section 6.2 of TR 38.875.
Furthermore, RAN1 has agreed ‘Ultra-deep sleep’ power state for main radio. The total time for main radio transition from ultra-deep sleep to active/micro sleep state is the sum of ramp-up time and time for sync/re-sync. Ramp-up time may consist of the procedure for [main radio hardware tune on e.g., boot, memory load and etc.]. Time for sync/re-sync consists of the procedure for [main radio to re-synchronization with the serving gNB etc.], Currently, RAN1 assumes 400ms or [800ms] for evaluation for the ramp-up time and companies can report the assumption of time for sync/re-sync in the initial evaluation and it is up to 10 SSB. 
[bookmark: _Hlk131773284][bookmark: _Hlk131773457][bookmark: _Hlk131773351]Regarding LP-WUR power consumption, it has been agreed in RAN1 that the relative power consumption of 0.01/0.05/0.1/1/2/4 units and 0.001 unit are used for evaluation for FR1 for the power state ‘On’ and ‘Off’ of LP-WUR, respectively, and other values are FFS. Compared to the relative power consumption for active DL reception state of NR non-RedCap or NR RedCap UEs, tens to thousands of times of power reduction are expected  by LP-WUR for LP-WUS monitoring.
RAN 1 is still studying the coverage and SNR target for LP-WUS and it may not be as good as the existing signal channels.

	[5] CATT
	Answers to Q-2: The LP-WUR power consumptions in the evaluation assumptions were agreed to have the set of values {0.05, 0.1, 0.5, 1, 2, 4} for the state of LP-WUR ON and value {0.001} for the state of the LP-WUR OFF.  RAN1 does not have any agreements on the coverage and SNR targets of the LP-WUR.

	[6] Intel
	· The target power consumption of LP-WUS is selected in range 100uW – 1mW. 
· The coverage of LP-WUS should be better than NR PUSCH. The required SNR highly depends on the targeted coverage. 

	[7][8] ZTE
	· The target coverage should be better than PUSCH, the target SNR for LP-WUS is less than that for PUSCH and target relative power should be no more than [4] wherein the relative power for MR deep sleep is 1.`

	[9] Apple
	[RAN1 response] So far RAN1 has not reached any agreement on power consumption, coverage and SNR targets. RAN1 is still studying all these aspects.

	[10] Ericsson
	RAN1 reply > RAN1 has not agreed to targets for these. Below are RAN1 agreements related to power consumption and coverage evaluations of LP-WUS. RAN1 will inform RAN4 if any further progress is made.
Agreement
The following power model for LP-WUR is used for evaluation for FR1,
 
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.

Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded. FFS: Target coverage of LP-WUS

	[11] HW, HiSi
	Proposal 2:	Reply to RAN4 that the relative power consumption is targeted to be lower than 1 unit.
Proposal 3:	Reply to RAN4 that the coverage target can be PUSCH or Msg3.

	[15] OPPO
	Observation 2: Power consumption, coverage and SNR targets are under discussion in LP-WUS evaluation agenda item.

	[19] Nokia, NSB
	o	An answer to this question is deferred until RAN1 makes a firm agreement on either the target coverage level or the target power consumption.



The targets for power consumption and coverage had been discussed in the past RAN1 meetings, and we haven’t been able to reach any agreements so far. The moderator’s proposal is to respond to RAN4 with the current status as it is, and we can update RAN4 if we make progress on any of these aspects.
[CLOSED] Proposal 1-2:
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on power consumption, coverage and SNR targets. RAN1 is still studying these aspects.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the UE power model defined in TR 38.840.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.




	Company
	Comments

	MTK
	Okay. RAN1 has not agreed on these targets. Also, more power-on values are under discussions, e.g., 10, 20, or 40.

	vivo
	We are ok with the response for coverage and SNR targets. 
Regarding the power consumption part, the definition of relative power level may be new to RAN4. To facilitate RAN4’s understanding, the relative power consumption for channel processing, i.e., some typical relative power levels of NR non-RedCap and RedCap UE can be also provided for reference, thus, we prefer to add the following:
· Power model for non-RedCap 4Rx UEs has been captured in TR 38.840. For FR1, the relative power for non-RedCap UE deep sleep state is 1 unit, while the relative power for PDCCH-only monitoring (same-slot scheduling) or SSB/CSI-RS processing is 100 units. Other details are captured in section 8.1.1 of TR38.840. 
· Power model for RedCap UEs has been captured in TR 38.875. In particular,
· For 2Rx RedCap UEs, the relative power for deep sleep state is 0.8 unit, while the relative power for PDCCH-only monitoring (same-slot scheduling) or SSB/CSI-RS processing is 50 units. 
· For 1Rx RedCap UEs, the relative power for different states are further scaled by “0.7” compared to those of 2Rx RedCap UEs. For FR1, the relative power for deep sleep state is 0.56 unit, while the relative power for PDCCH-only monitoring (same-slot scheduling) or SSB/CSI-RS processing is 35units. Other details are captured in section 6.2 of TR 38.875.
              Compared to the relative power consumption for active DL reception state of NR non- RedCap or NR RedCap UEs, tens to thousands of times of power reduction are expected by LP-WUR for LP-WUS monitoring.

	InterDigital
	We are fine with the response. 

	OPPO
	We are fine with the response. 

	Xiaomi
	OK with the response

	Intel
	Though we still think absolute power is more useful for RAN4, we are fine with majority view to provide relative power values. Regarding ‘FFS: If other values are needed’, higher values may be considered for OFDM based receiver. We wonder if we can agree on some typical large values instead of a FFS.  

	Nokia, NSB
	If there is no progress on the coverage related questions in the other agenda items, then this proposal is acceptable. 
If there is progress on that question or any questions related to power consumption/SNR, then those answers should probably be reflected in this response.

	Spreadtrum
	Fine

	ZTE, Sanechips
	If we can not converge on the target coverage, the current response would be fine. However, we think we can try to provide more information to RAN4 for their consideration. For example, if the coverage better than PUSCH could be used as a starting point, we prefer to include this in the LS.

	QC
	We prefer to include a note saying that the proposal reflects the agreements up to RAN1#112. 

Given that RAN1 will have more progress on LP-WUR power model during this #112bis-e, we suggest to defer this discussion toward the end of this meeting.

	LGE
	Fine with the proposal

	Samsung 
	Agree with the proposal 1-2 to only share the progress in RAN1 till now. Or we can wait for the progress to determine the relative power with larger value for architectures for OFDMA-based signals in 9.11.1 in this meeting to update the value in the proposal.

	Panasonic
	We are okay with the reply.

	Huawei, HiSilicon
	1) We propose to delete the first bullet. Saying that RAN1 has not reach any agreements could be misinterpreted as that RAN1 has no advances in this direction, or did not consider it. We agree to keep the second bullets which shows that we have agreement(s) for evaluation which better reflects our RAN1 situation. Note that the values used for evaluations came after long discussions in RAN1 and could represent possible candidates of power consumptions targets. 

2) We propose to divide the answer to two parts 

A) Power consumption targets 
B) Coverage and SNR targets

For A)	Power consumption targets

Beside the agreement we have about the power consumption values of evaluation LP-WUR, we have another agreement for power consumption values of MR and new ‘ultra deep sleep’ mode for MR. and we think it is useful to include this information to our reply to RAN4.  

[image: ]
We suggest that RAN1 can inform on the basis of evaluations seen so far in our contribution, at least for the case of continuous monitoring of LP-WUS, LP-WUR power consumption values of <1 are needed.


For B)	Coverage and SNR targets
In RAN1, we have an agreement to use MIL as coverage metric and we propose that the reply should use/refer to it.

Based on the above we propose the following modifications in blue:

Proposal 1-2:
A) Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on power consumption, coverage and SNR targets. RAN1 is still studying these aspects.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the UE power model defined in TR 38.840.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.


· For the power consumption of MR, the following power model was agreed for evaluation. and new power state was introduced 
[image: ]
Note: The values used for evaluations could represent possible candidates of power consumptions targets, unless evaluation results in RAN1 show otherwise later on. 

B) Provide the following response to RAN4 on “coverage and SNR targets”:
In RAN1, we have an agreement to use MIL as coverage metric for evaluation and based on the evaluation results to define possible targets for LP-WUS 
           [image: ]
Note: according to previous TR38.875/830 evaluations it was found that the bottleneck of NR coverage is PUSCH for connected mode devices and Msg3 for IDLE/Inactive devices. 

	Ericsson1
	OK with FL proposal

	CATT
	We are OK with the proposal.

	Moderator
	As I mentioned earlier, we can only draft the response based on the agreements we have so far. I would think it is business as usual to provide update if further agreements are made. I included in the LS draft already “RAN1 will inform RAN4 if further progress is made on any of the aspects above.” Hopefully this can address some of the concerns.
Now I also added “based on the progress until RAN1#112” in the LS draft.
Please check v001 in the Inbox folder.

It seems that different companies would like to include different agreements in the LS. I tried to avoid including everything based on the guideline earlier, and chose to include those that are directly related to the targets (not much about evaluation methodology itself).

@vivo, I understand the concern of whether RAN4 understands the relative power unit, which was why I explicitly included the reference to TS 38.840. If it is really considered necessary, we can include the reference to TR 38.875 as well. I added a sentence for RedCap in bracket and we can discuss online whether it is necessary to have it or not. I would think RAN4 is capable of understanding the power model based on the references, and it is actually better for them to look at the TR to understand the model instead of us providing some partial information in the LS reply.
@Huawei, it is not clear to me why we need to include the power model for the MR. RAN4 did not ask for it, and it is not clear that RAN4 even intends to study the MR. If they are interested, they can always find it in RAN1 agreements.
@Huawei, I did not delete the first sentence “RAN1 has not reached any agreements…”, because it is a direct response to RAN4’s question (RAN4 is asking if we have any targets), and it is stating the fact. We can of course provide further related information.

On the possible larger power values for WUR for OFDMA-based signals, I understand there are proposals for it and we will discuss it. But we can always provide an update if an agreement is reached. 

To address some of the comments, I separated the response for power consumption targets and coverage/SNR targets.


Proposal 1-2r1:
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in TR 38.840. [The UE power model for RedCap UEs can be found in TR 38.875.]
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.


· RAN1 has not reached any agreements on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded.
FFS: Target coverage of LP-WUS





	Moderator
	The moderator’s understanding is that RAN4 is asking about LP WUR only, as the entire LS is about LP WUR.
Companies please comment on whether you think the power model for MR should be added or not.

An update to the P1-2r1 is to remove the brackets around the sentence for TR 38.875. If you have strong concern, please comment. I did not want to repeat the entire proposal, but please keep this in mind when you provide further comments.

	vivo
	one minor comment, add section index for power model for easy search.

 Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in section 8.1 of TR 38.840. [The UE power model for RedCap UEs can be found in section 6.2 of TR 38.875.]
In

	Moderator
	After the 4/19 offline session, the proposal is updated as follows. Text in red marks the changes w.r.t. r1.

Proposal 1-2r2:
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in Section 8.1 of TR 38.840. The UE power model for RedCap UEs can be found in Section 6.2 of TR 38.875.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.


· RAN1 has not reached any agreements on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded.
FFS: Target coverage of LP-WUS




	Moderator
	The proposal was agreed via email endorsement. Discussion closed.






Max occupied RB number
On “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”, here are the proposed responses from companies.

	[3][4]
vivo
	[bookmark: _Hlk131433713][bookmark: _Hlk131435476]Answer: The size of max occupied RB number in channel bandwidth for LP-WUS and synchronization signal depends on the size of guard gap, when guard gap is included in WUS RF bandwidth. The size of guard gap is not expected to be determined in RAN1 as it highly depends on the receiver requirements on adjacent channel and adjacent subcarrier interference rejection and filter characteristics. 

	[5] CATT
	Answers to Q-3 and Q-4:  The number of PRBs within the LP-WUS BW would depend on the SCS used for the LP-WUS signals.   There is no agreements yet on the SCS and the number of PRBs used for LP-WUS.   Thus,  the number of PRBs and the SCS are not yet agreed to be evaluated.

	[6] Intel
	· For 1.4MHz, the maximum number of PRBs for LP-WUS can be 6 for SCS 15kHz or 3 for SCS 30kHz. 
· For 5MHz, the maximum number of PRBs for LP-WUS can be 24 for SCS 15kHz or 12 for SCS 30kHz 

	[7][8] ZTE
	· Regarding the maximum occupied PRB number for LP-WUS, 
· For 5MHz RF bandwidth including the guardband, maximum PRBs for LP-WUS (not including guardband) is 11RBs for 30KHz and 25 RBs for 15KHz. 
· For 1.44MHz RF bandwidth including the guardband, maximum PRBs for LP-WUS is [2] RBs for 30KHz and [6] RBs for 15KHz.

	[9] Apple
	[RAN1 response] RAN1 is performing link level simulations to evaluate the guard band that may be needed in different cases for different WUS design.

	[10] Ericsson
	RAN1 reply > The LP-WUS BW and RB number that are used as starting point for evaluations in RAN1 are given in below RAN1 agreement. RAN1 has not specifically discussed 1.4 MHz RF bandwidth case. 
Agreement
For link-level simulation of LP-WUS, the following table is used as starting point,
· FFS for other assumptions if any
· Note: The assumptions are not intended to limit the scope of the study or the design.
Table XX. Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz/4GHz/700MHz

	Waveform
	OOK , FSK , OFDM
Company to report which option for OOK /FSK /OFDM is used

	Channel structure
	· Option 1: Sync signal /sequence+ payload + CRC,
· Option 2: Sequence only,
· Option 3: Payload+CRC,
· Other options are not precluded
· Company to report the sequence length, payload size, CRC length (may or may not be presence).

	SCS of OFDM generator for NR signal
	30kHz/15KHz

	Configuration for LP-WUS signal
	For OOK/FSK waveform,
· Option 1a: M=1 and SCSs = 15kHz (same as NR signal)
· Option 1b: M=1 and SCSs = 30kHz (same as NR signal)
· Option 2a: M =2/4/8 for SCS = 15KHz (same as NR signal)
· Option 2b: M =2/4/8 for SCS = 30 kHz (same as NR signal)
· Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz
· Note: M is referred to the definition of “M” in the agreements for OOK-1/2/3/4 and FSK-1/2
For OFDM: FFS, e.g., ZC sequence

Other options are up to companies to report

	WUS duration
	Number of OFDM symbols: e.g., 1,2,4, 8, 16,24 symbols 

	MDR/FAR assumption
	· The miss-detection rate (MDR) of LP-WUS 1%,
· The false-alarm rate (FAR) of LP-WUS
· [0.1%, 1%]
· Other values are not precluded for studying, reported by companies
· Further discuss on the following alternatives for FAR target
· Alt 1: FAR target is determined per single WUS attempt/trial,
· Alt 2: FAR target is determined across a reference time duration of one or multiple WUS attempts/trials
· FFS: possible values for reference time durations
· Companies to report details, e.g., receiver behaviour, how to compute MDR, detection threshold
· Companies to report the selected reference time duration values and the associated number of WUS attempts/trials

	Code scheme
	Companies to report, if any, the coding scheme (e.g., Manchester code or any other schemes) and the code rate (e.g., 1/2, 1/4, ….)

	gNB Channel BW 
	20MHz, FFS other values

	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

	Filter 
	X-th Order filter (e.g. Butterworth, Chebyshev, …) with Y MHz bandwidth,
· X = {3, 5}
· Companies to report Y
Companies to report any other assumptions if needed

	Adjacent subcarrier interference
	· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional

	Sampling Rate
	· Companies to report.

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal and other options are not precluded

	Channel Model
	See link coverage assumption table (will copy and paste here)

	Impairment modelling
	· FFS: Frequency and time error model 
· Phase noise up to company report, e.g. the modelling used for 802.11ba
· Other cell interference is up to company to report




	[11] HW, HiSi
	Proposal 4:	RAN1 to first clarify the definition and requirement of guard band, then discuss the max occupied RB number.
Proposal 5:	Reply to RAN4 that in addition to 1.4 MHz and 5 MHz, RAN1 also considers BW up to 20 MHz.

	[15] OPPO
	Observation 3: The evaluation of required guard band size is needed for the coexistence with legacy channels and signals.

	[19] Nokia, NSB
	· This is highly dependent on the waveform and order/complexity of the filtering that can be reasonably expected to be supported.

· For the 5 Mhz bandwidth, as per our ”L1 Signal Design and Procedures” contribution [4], we are considering:

4.32MHz (24 in 15KHz, 12 in 30KHz, 6 in 60KHz, 3 in 120KHz) PRBs    for   OOK schemes



Currently companies are still evaluating the link level performance considering the adjacent subcarrier interference. RAN1 still needs some time to discuss and draw any conclusion on the guard band needed. The moderator’s proposal is to respond to RAN4 with the current status as it is, and we can also inform RAN4 the related link level assumptions made so far.

[CLOSED] Proposal 1-3:
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· RAN1 has not reached any agreements on the maximum occupied RB number in channel bandwidth for LP-WUS for 1.4MHz and 5MHz RF bandwidth case. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP WUS bandwidth and the guard band.
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS



	Company
	Comments

	MTK
	Need clarification. There is no 1.4 MHz RF bandwidth case. RAN1 agreed the following starting point for LLS:
· Option 1: 5MHz BW includes 0.68MHz GB
· Option 2a: 2.16MHz BW includes 0.72MHz GB
· Option 2b: 4.32MHz BW includes 1.44mHz GB

	vivo
	The term guardband may cause misunderstanding as it is defined for the whole NR band, at the edge of the NR RF bandwidth.
For the gap RBs discussed here also for adjacent subcarrier interference rejection purpose, a new term, i.e., guard gap can be used for LP-WUS within the NR channel bandwidth, for both adjacent channel interference and/or adjacent subcarrier interference rejection purpose, which is helpful to differentiate with traditional NR channel guardband defined in TS 38.101-1.
Furthermore, when guard gap is included in WUS RF bandwidth, the size of max occupied RB number in channel bandwidth for LP-WUS and synchronization signal depends on the size of guard gap. 
On one hand, the size of guard gap shall accommodate the frequency offset caused by frequency error/frequency drift, which can be considered in RAN 1.
On the other hand, the size of guard gap highly depends on the receiver requirements on adjacent channel and adjacent subcarrier interference rejection and filter characteristics, which shall be determined in RAN 4.
Therefore, we propose to add the following part in the response:
The size of max occupied RB number in channel bandwidth for LP-WUS and synchronization signal depends on the size of guard gap, when guard gap is included in WUS RF bandwidth. 
The size of guard gap shall accommodate the frequency offset caused by frequency error/frequency drift, which is under study in RAN 1. The size of guard gap also highly depends on the receiver requirements on adjacent channel and adjacent subcarrier interference rejection and filter characteristics, which is expected to be handled in RAN 4.

	Nordic 
	Of coursed we reached agreement already  

Agreement
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
FFS: Whether FR2 is included in the scope of LP-WUS SI

	Xiaomi
	As Nordic pointed out, we have made a related agreement. And from our view, 5MHz including GB can be a starting point.

	Intel
	Agree with Nordic that we have the cited agreement. So, one discussion point is with RAN4 agreement and LS, does RAN1 still pursue 20MHz for LP-WUS? Our understanding is no. 
Given the current progress in RAN1, we are fine to reply the LS by referring agreed link level simulation assumptions. 

	Nokia, NSB
	(1) Considering an earlier RAN1 agreement, where 5 MHz and 20 MHz were stated as study BWs of the LP-WUS to be studied, does RAN1 need to:
a. Formally agree to study 1.4 MHz?
b. Formally agree to deprioritize 20 MHz study?

(2)  If Option 2 independent of the waveform type? Ie. Does Option2 apply to the FSK as well as OOK variants?


	Spreadtrum
	We support to keep 20MHz, since the overhead of LP-WUS may be very large and large BW can keep LP-WUS within a slot which is general character of NR channels. If it is majority view for 5MHz, we can live with it. By the way, BW should be scalable, and gNB can select proper BW in different use case.

	ZTE, Sanechips
	We are currently OK with this response. If further progress is made in this meeting, we can further update it.

	QC
	Agree with MTK’s point. 

	LGE
	Fine with the proposal. We can add a note to clarify what GB means in RAN1 agreement for better understanding.

	Samsung 
	We share a similar view with Nordic that the agreement can be also added to the proposal in response to RAN4’s question. 

	Panasonic
	As RAN1 has not reached any conclusion on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”, which will be handled by 9.11.3. But in the 9.11.3, it is also discussed whether the guard band shall be handled by RAN4. So we may discuss this till the end of this meeting and take into account the possible progress in 9.11.3.

	Huawei, HiSilicon
	1) We agree with Nordic we have some study agreements that we could include in our reply. 
2) The Max occupied RB number in channel bandwidth for LP-WUS depends on the guard sub-carriers (i.e., ‘guard band’) used for WUS, which should be defined and evaluated based on for example Adjacent Sub-Carrier Selectivity (ASCS) requirements and/or frequency error requirements, and or ACS requirements.
3) RAN1 different bandwidths dedicated for LP-WUS operations could be up to 20MHz, where ‘guard band’ is included, are under investigations to ensure good link performance in terms of MILs/ supported data rate/ synchronization capability.

Hence, we propose the following modifications in blue
Proposal 1-3:
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:

· RAN1 has not reached any agreements on the maximum occupied RB number in channel bandwidth for LP-WUS for 1.4MHz and 5MHz RF bandwidth case. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP WUS bandwidth and the guard band.
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS



· RAN1 also reached the following agreement on BW, for the purpose of study, of one LP-WUS is not greater than 20MHz
[image: ]
· The Max occupied RB number in channel bandwidth for LP-WUS depends on the guard sub-carriers (i.e., ‘guard band’) used for LP-WUS, which should be defined and evaluated based on for example Adjacent Sub-Carrier Selectivity (ASCS) requirements and/or frequency error requirements. Which RAN1 has considered in their link level simulations agreement 

 


	Ericsson1
	OK with FL proposal

	CATT
	We agree with Nordic to include RAN1 agreements to have BW less than 5 MHz or 20 MHz.

	Moderator
	Maybe companies have different understandings on RAN4’s question. My understanding is that this question is related to the guard band, not the BW for LP WUS. They agreed already that:
· Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point
· Guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth
But given that RAN1 and RAN4 have different assumptions on the LP WUS bandwidth for study, it makes sense to inform RAN4 on RAN1 agreements.

Proposal 1-3r1:
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
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
FFS: Whether FR2 is included in the scope of LP-WUS SI


· RAN1 has not discussed the bandwidth of 1.4MHz for LP-WUS, and has not reached any conclusion on the maximum occupied RB number in 5MHz bandwidth case for LP-WUS. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP-WUS bandwidth and the guard band between LP-WUS and other NR transmissions in the same carrier.
· [RAN1’s understanding is that the guard band size at least depends on the frequency offset requirements and the adjacent channel/subcarrier selectivity requirements. RAN1 assumes RAN4 will discuss the guard band size from RAN4 perspective, and would appreciate any input from RAN4.]
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS




	vivo 
	We are ok with the proposal, and prefer to remove the bracket for the last sub-bullet.

	Moderator
	After the 4/19 offline session, the proposal is updated as follows. Text in red marks the changes w.r.t. r1.

Proposal 1-3r2:
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
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
FFS: Whether FR2 is included in the scope of LP-WUS SI


· RAN1 has not discussed the RF bandwidth of 1.4MHz for LP-WUS, and has not reached any conclusion on the maximum occupied RB number in 5MHz RF bandwidth case for LP-WUS. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP-WUS bandwidth, the guard band and the filter between LP-WUS and other NR transmissions or other LP-WUS in the same carrier.
· [RAN1’s understanding is that the guard band size at least depends on the frequency offset requirements and the adjacent channel/subcarrier selectivity requirements. RAN1 assumes RAN4 will discuss the guard band size from RAN4 perspective, and would appreciate any input from RAN4.]
	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

	Filter 
	X-th Order filter (e.g. Butterworth, Chebyshev, …) with Y MHz bandwidth,
· X = {3, 5}
· Companies to report Y
Companies to report any other assumptions if needed





	MTK
	Okay.

	Moderator
	The proposal was agreed via email endorsement. Discussion closed.




Supported SCS
On “Possible supported SCS for LP-WUS, if applicable”, here are the proposed responses from companies.
	[3][4]
vivo
	Answer: It has been agreed in RAN1 that the SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time, i.e., 15kHz, 30kHz in FR1, and RAN1 is still studying the different SCS case.

	[5] CATT
	Answers to Q-3 and Q-4:  The number of PRBs within the LP-WUS BW would depend on the SCS used for the LP-WUS signals.   There is no agreements yet on the SCS and the number of PRBs used for LP-WUS.   Thus,  the number of PRBs and the SCS are not yet agreed to be evaluated.

	[6] Intel
	Proposal 3: reply RAN4 that RAN1 is studying LP-WUS design with a SCS that can be same as or different from main radio. 

	[7][8] ZTE
	The potential candidate SCS of LP-WUS could be 15KHz, 30KHz, 60KHz, 120KHz, 240KHz, 480KHz

	[9] Apple
	[RAN1 response] RAN1 has reached the following agreement on SCS. The implication of different SCS for LP-WUS generation and other NR transmission is still under study.
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 




	[10] Ericsson
	RAN1 reply > Below is RAN1 agreement related to SCS for LP-WUS generation. Also, LP-WUS SCS values that are used as starting point for evaluations in RAN1 are captured in the agreement cited for previous question (e.g. the row for ‘Configuration for LP-WUS signal)’.
Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 

	[11] HW, HiSi
	Proposal 6:	Reply to RAN4 that only the same SCS as the one used for other NR transmissions in CP-OFDM symbol overlapping in time is supported.

	[15] OPPO
	Observation 4: Same SCS used of LP-WUS as SCS used for other NR transmissions is assumed. Different SCS for LP-WUS is FFS.

	[19] Nokia, NSB
	o	The answer to this is dependent on the waveform selected for the LP-WUS modulation.



[CLOSED] Proposal 1-4:
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if applicable”:
· RAN1 has reached the following agreement on SCS:
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 



	Company
	Comments

	MTK
	Need clarification. RAN1 did not preclude the case when SCS for LPWUS is different as SCS used for other NR transmission. For example, the agreed LLS staring point has Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz for LPWUS, but SCSs = 15kHz/30kHz for other NR transmission.

	Vivo
	ok

	InterDigital
	Fine with the proposal

	OPPO
	Fine

	Xiaomi
	OK with proposal

	Intel
	Our understanding is that both same and different SCS are under study. The link level simulation assumptions with both low and high SCSs were agreed later than the above cited agreement, which provides more information on RAN1 progress. 

	Nokia, NSB
	OK with proposal

	ZTE, Sanechips
	OK with the proposal currently. Further update it if AI 11.3 has any progress.

	QC
	ok

	LGE 
	Fine with the proposal

	Samsung 
	Support the proposal. For the different SCS, it should be discussed further, and we just need to share the progress in RAN1 till now.

	Panasonic
	We are okay.

	Huawei, HiSilicon
	Agree

	Ericsson1
	OK with FL proposal

	CATT
	We are OK with the proposal.  The SCS used for LP-WUS would be true only when the LP-WUS signals are scrambled or DFT-filtered to be narrow band signals.   If the LP-WUS does not further transfer to narrow band signals, there is no concept of sub-carrier and SCS.   Thus, we need to address it with suggestion as follows,
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if  applicable to LP-WUS signals further scrambled/filtered to narrowband subcarrier signals”:

	Moderator
	It seems that companies are generally ok with the proposal.
@MTK, @Intel, it is not clear what clarification you want or what you want to include/change here. The agreement itself does not preclude the difference SCS case. It says we are studying the different SCS case, which aligns with the evaluation assumptions.

So this proposal is kept as it is for now.

	Moderator
	MTK and Intel commented to include the agreements on evaluation assumptions regarding SCS, which is reflected in the updated proposal below.

CATT suggested to add “if  applicable to LP-WUS signals further scrambled/filtered to narrowband subcarrier signals”. This suggestion is a bit unclear to me. So far all the waveform candidates discussed so far tried to reuse the gNB transmitter hardware to generate OFDM waveform, which has an SCS associated with it.
If CATT has a different proposal that does not have an SCS, it would need to be discussed and agreed before we can consider it in the reply.

Proposal 1-4r1:
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if applicable”:
· RAN1 has reached the following agreement on SCS:
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 


·  In addition, As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following assumptions for LP-WUS:
	Configuration for LP-WUS signal
	For OOK/FSK waveform,
· Option 1a: M=1 and SCSs = 15kHz (same as NR signal)
· Option 1b: M=1 and SCSs = 30kHz (same as NR signal)
· Option 2a: M =2/4/8 for SCS = 15KHz (same as NR signal)
· Option 2b: M =2/4/8 for SCS = 30 kHz (same as NR signal)
· Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz
· Note: M is referred to the definition of “M” in the agreements for OOK-1/2/3/4 and FSK-1/2
For OFDM: FFS, e.g., ZC sequence

Other options are up to companies to report




	vivo
	 Ok with the proposal

	Moderator
	No update to Proposal 1-4r1 during the offline discussion. Agreeable to all the participants.

	Moderator
	The proposal was agreed via email endorsement. Discussion closed.





Separate band
On “Whether WUS can be located in a band separate from the UE’s NR band”, here are the proposed responses from companies.

	[3][4]
vivo
	Answer: RAN1 has not explicitly discussed LP-WUS located in a band separate from the UE’s NR band, but it has not been excluded in RAN1. 

	[5] CATT
	Answers to Q-5: The LP-WUS operations outside NR band is the subset of the LP-WUS design without multiplexing with NR signals/channels and not excluded by RAN1.

	[6] Intel
	Proposal 4: reply RAN4 that the case of LP-WUS in the same band as the band of main radio is prioritized from RAN1 perspective. 

	[7][8] ZTE
	· LP-WUS can be located in a band separate from the UE’s NR band

	[9] Apple
	[RAN1 response] RAN1 thinks at least the case where WUS is located in the same band as the UE’s NR band should be considered for the design. A separate band for WUS is not precluded.

	[10] Ericsson
	RAN1 reply > RAN1 has no agreement that the WUS can be located in a band separate from the UE’s NR band.  However, RAN1 is evaluating at least scenarios (e.g. for coverage evaluations of LP-WUS) where WUS is in UE’s NR band.

	[11] HW, HiSi
	Proposal 7:	Reply to RAN4 that, based on RAN1’s discussions, LP-WUS is not restricted to be only in the same band as UE’s NR.

	[15] OPPO
	Proposal 2: Both common and separate band for LP-WUS are considered for the evaluation of RF aspects of LP-WUR architecture.

	[19] Nokia, NSB
	o	The WUS being in a band separate from the UE’s NR band is not precluded, however the use cases being prioritised for study, RAN1 assumes that the WUS can be flexibly located within the NR band and/or carrier.




Proposal 1-5:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has not explicitly discussed WUS located in a band separate from the UE’s NR band, and so far RAN1 discussions have focused on the same band case. But a separate band for WUS is not precluded.

	Company
	Comments

	MTK
	Okay. RAN1 mainly focused on LR and MR on the same band, otherwise RRM offloading to LR makes less sense.

	Vivo
	ok

	InterDigital
	Fine with the proposal.

	Nordic 
	In 9.11.3, there is proposal, which may relate to the question. 

FL1-Higher-Proposal-8:  Capture in TR:
· LP-WUS is recommended to be configurable within carrier/BWP in a band.
· band can be different than band of MR
· band can be TDD or FDD band
· FFS configurable within guard-band of a band (like NB-IoT)
· It is NOT recommended to support CA for LP-WUR

On the other hand, is RAN4 thinking about band that is not supported by NR at all?


	OPPO
	Fine with the response. Same band case is prioritized.

	Xiaomi
	OK with proposal

	Intel
	We agree with the FL proposal. Further, depending on outcome in FL1-Higher-Proposal-8, we may update the reply accordingly. 

	Nokia, NSB
	Support proposal.

	Spreadtrum
	Fine

	ZTE, Sanechips
	Wait for the progress in AI 11.3.

	QC
	Fine

	LGE
	As Nordic pointed out, a proposal related to WUS location is being discussed in 9.11.3. We can wait some progress about that. If there’s no consensus on that until end of the meeting, Proposal 1-5 can be the response to RAN4.

	Samsung 
	Agree with the proposal.

	Panasonic
	Okay.

	Huawei, HiSilicon
	The question of RAN4 is clear and is not asking about priorities or what is discussed or not in RAN1. Even as Nordic comments shows that there could be even possibilities of agreement about band separate from the UE’s NR band

Hence, we propose a clear answer in blue. 

Proposal 1-5:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has not explicitly discussed WUS located in a band separate from the UE’s NR band, and so far RAN1 discussions have focused on the same band case. But a separate band for WUS is not precluded.
There is no RAN1 agreement preventing out of band deployment. And the SID does not include any statement that can be taken to mean that out-band deployment is not to be considered for feasibility purposes.


	Ericsson1
	Prefer below update
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has not explicitly discussed WUS located in a band separate from the UE’s NR band, and so far RAN1 discussions have focused on the same band case. But a separate band for WUS is not precluded.


	CATT
	We are OK with the proposal.  We support the wording “separate band for WUS is not precluded”

	Moderator
	Indeed this is related to FL1-Higher-Proposal-8 under AI 9.11.3. We have two choices here:
(1) We prioritize the discussion of FL1-Higher-Proposal-8 under AI 9.11.3 and see if any agreement can be reached.
(2) We provide a response based on the current status. (Note that “based on the progress until RAN1#112” is already added to LS draft based on earlier comments.)

To be consistent, we may take the 2nd approach for now, and update if needed later on. If an agreement is reached later on, I assume the update should be fairly easy (just to include the agreement).

If we assume the 2nd approach, I see that companies’ comments come from two opposite direction, one implying that separate band is part of the SI, and the other implying that separate band is not to be considered in the SI. My suggestion is to simply state the current RAN1 status, and stay neutral on whether separate band is part of the SI or not. RAN4 can further discuss it. I think the first sentence is just stating the fact.

Proposal 1-5r1:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has not explicitly discussed WUS located in a band separate from the UE’s NR band, and does not have any agreement to explicitly include or preclude such a case in RAN1 study. So far RAN1 discussions have focused on the same in-band case. But a separate band for WUS is not precluded.


	vivo
	Ok with the proposal

	Moderator
	Below is the version at the end of the offline discussion. The sentence in bracket is still controversial.

Proposal 1-5r2:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has not explicitly discussed WUS located in a band separate from the UE’s NR band, and does not have any agreement yet to explicitly include or preclude WUS located in a band separate from the UE’s NR band in RAN1 study. [Until RAN1#112, RAN1 discussions have focused on the same in-band case.] But a separate band for WUS is not precluded.


	Moderator
	Fortunately an agreement was made under AI 9.11.3 on the separate band issue, and now the agreement can be used for the LS reply. 

Proposal 1-5r3:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Whether LP-WUS is applicable for TDD / FDD (with full duplex operation)
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)



Please comment on this version.

	MTK
	Okay. 

	Huawei, HiSilicon
	We are fine with the proposal. With this addition in pink

· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied from RAN1 perspective.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Whether LP-WUS is applicable for TDD / FDD (with full duplex operation)
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)





	vivo
	Ok with moderator’s proposal.

	Moderator
	Updated based on Huawei’s comments.
Proposal 1-5r4:
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied from RAN1 perspective.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Whether LP-WUS is applicable for TDD / FDD (with full duplex operation)
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)




	
	




FR1 priority
On “Whether FR1 is considered as first priority frequency range”, here are the proposed responses from companies.

	[3][4]
vivo
	Answer: It has been agreed in RAN1 to study FR1 for LP-WUS while it is FFS whether FR2 is included in the scope of LP-WUS SI.

	[5] CATT
	Answers to Q-6:  There is no prioritization of LP-WUR operation in FR1 in RAN1 but with the understanding of better performance of LP-WUR coverage when LP-WUS is transmitted on FR1.

	[6] Intel
	Proposal 5: reply RAN4 that RAN1 prefers to focus on the study of LP-WUS in FR1. 

	[7][8] ZTE
	· FR1 is considered as first priority 

	[9] Apple
	[RAN1 response] Yes, FR1 should be considered as first priority.

	[10] Ericsson
	RAN1 reply > RAN1 has not agreed on prioritization with respect to frequency ranges. However, based on below agreements, at least LP-WUS power consumption values for FR2 and whether FR2 is included in the scope of LP-WUS SI are FFS, and there is no FR2 scenario agreed yet for evaluation of coverage of LP-WUS.
Agreement
· The following power model for LP-WUR/WUS evaluation is considered,
· Relative power unit for LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 
· [0.001]
· Relative power unit for LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 
· [0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4]
· Other values are not precluded to be evaluated.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· No additional transition energy and transition time between ‘on’ and ‘off’ state as start point, FFS any transition energy and transition time if needed.
Note1: A unit of power is defined to be the same for main receiver and LP-WUS receiver.
Note2: the values provided is for the purpose of studying power saving gain, and the values can be further revisit and categorization depending on the receiver architecture discussion.
Note3: For LP-WUR ‘on’ state, more than one values within the above range may be used for evaluation (e.g. for a single LP-WUR architecture)
FFS: LP-WUR power consumption values for FR2.

Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded. FFS: Target coverage of LP-WUS

Agreement
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
[bookmark: _Hlk131625484]FFS: Whether FR2 is included in the scope of LP-WUS SI

	[11] HW, HiSi
	Proposal 8:	Reply to RAN4 that FR1 is considered as first priority frequency range in RAN1.

	[15] OPPO
	Proposal 3: For the evaluation of RF aspects of LP-WUR architecture, FR1 is considered as first priority frequency range.

	[19] Nokia, NSB
	o	Yes, FR1 is considered as the first priority for the frequency range evaluation.



RAN1 does not have any explicit agreement on FR1 being given higher priority. However, based on the discussions that we had and the proposed response above, it seems that companies are generally ok to consider FR1 with higher priority. The moderator would like to see if the following is agreeable.
[CLOSED] Proposal 1-6:
Provide the following response to RAN4 on “Whether FR1 is considered as first priority frequency range”:
· Yes, FR1 is considered as first priority frequency range in RAN1, and it is still FFS whether FR2 should be included in the scope of the SI.

	Company
	Comments

	MTK
	Okay. RAN1 agreed whether FR2 is included in the scope of LP-WUS SI is FFS.

	vivo
	ok

	InterDigital
	We are fine to consider FR1 as first priority frequency range, but we believe that FR2 is also included in the scope of the SI. 

	OPPO
	Fine with the response.

	Xiaomi
	OK with proposal

	Intel
	Agree that if FR2 is in the scope is FFS

	Nokia, NSB
	Support proposal.

	Spreadtrum
	Fine

	ZTE, Sanechips
	OK with this proposal.

	LGE
	Fine with the proposal

	Samsung 
	Support 

	Panasonic
	Okay.

	Huawei, HiSilicon
	Agree

	CATT
	We are OK with the proposal

	Moderator
	It seems that companies are generally fine with the proposal.
@InterDigital, I understand your preference to include FR2 in the study. However, RAN1 as a group has not made a decision yet.

The proposal stays as it is for now.

	Moderator
	It was agreed during 04/18 online. Discussion closed.



Power boosting
On “Whether in-band power boosting of LP-WUS is considered from RAN1 perspective”, here are the proposed responses from companies.

	[3][4]
vivo
	Answer: Yes, it has been agreed in RAN1 that for in-band operation of LP-WUS, PDSCH mapped on resources other than that for WUS and guard band; EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional.

	[5] CATT
	Answers to Q-7:  The in-band power boosting is considered in the evaluation of LP-WUR but is an implementation issue with minimum specification impact.

	[6] Intel
	Proposal 6: reply RAN4 that in-band power boosting should be considered for LP-WUS transmission from RAN1 perspective. 

	[7][8] ZTE
	· In-band power boosting of LP-WUS could be considered for coverage enhancement from RAN1 perspective

	[9] Apple
	[RAN1 response] Yes, in-band power boosting is considered from RAN1 perspective. RAN1 would appreciate any feedback from RAN4 on the extent of power boosting that can be assumed in RAN1 study.

	[10] Ericsson
	RAN1 reply > RAN1 has not yet discussed in-band power boosting of LP-WUS and will inform RAN4 if any progress is made on this.

	[11] HW, HiSi
	Proposal 9:	Reply to RAN4 that in-band power boosting of LP-WUS is considered from RAN1 perspective.

	[15] OPPO
	Proposal 4: In-band power boosting of LP-WUS should be evaluated for the evaluation of RF aspects of LP-WUR architecture.

	[19] Nokia, NSB
	o	The default assumption is that no power boosting is assuming, however companies have to option to also consider power boosting EPRE ratios of {3, 6} dB



RAN1 does not have any explicit agreement on in-band power boosting, but the link level simulation assumptions already include the power boosting. Therefore, it is fair to say RAN1 is considering it. In addition, RAN4 is likely to be the WG who determines the power boosting factor eventually, so it can make sense to ask RAN4 to provide feedback if any.

[CLOSED] Proposal 1-7:
Provide the following response to RAN4 on “Whether in-band power boosting of LP-WUS is considered from RAN1 perspective”:
· Yes, RAN1 is considering the in-band power boosting of LP-WUS. As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following for the modelling of adjacent subcarrier interference. RAN1 would appreciate feedback from RAN4, if any, on the power boosting assumptions made in RAN1.
	Adjacent subcarrier interference
	· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional




	Company
	Comments

	MTK
	Agree.

	vivo
	ok

	InterDigital
	Fine

	OPPO
	Fine

	Xiaomi
	OK with proposal

	Intel
	OK

	Nokia, NSB
	Support proposal.

	Spreadtrum
	Fine

	ZTE, Sanechips
	OK with this proposal.

	QC
	ok

	LGE
	Fine with the proposal

	Samsung 
	OK 

	Panasonic
	Agree.

	Huawei, HiSilicon
	Agree

	CATT
	OK

	Moderator
	No update on the proposal

	Moderator
	A modified version is agreed during 04/18 online. Discussion closed.



Question 1-8:
A template for the draft LS reply is available in the Inbox, and there are placeholders for RAN1 responses for each of the questions. Please provide comments on the template, if any.

	Company
	Comments

	MTK
	Okay

	Moderator
	The draft LS reply is updated to v001.

	Moderator
	The draft LS reply is updated to v002.
· Removed “based on the progress until RAN1#112” since we have included an agreement in this meeting.
· Added a general phrase “, and would appreciate input from RAN4 on these aspects, if any”.
· Agreements are added into the draft. There is still one response missing, handled by Proposal 1-5 for separate band.

	
	




Architecture with RF envelope detection
Here are the relative power consumptions that companies proposed for the architecture with RF envelope detection.
	[12] HW, HiSi
	The expected relative power consumption value of each receiver architecture with single branch of envelope detection with proper trade-off between components power consumption and performance can be:
•	0.05 for receiver architecture with RF envelope detection with noise figure of 20 dB

	[14] vivo
	Proposal 3:  The relative power consumtion of LP-WUR ‘on’ state for OOK detection are 0.01x~0.1x unit for RF envelope detection,  0.1x~1x unit for heterodyne architecture with IF envelope detection, and 0.1x~1x unit for homodyne/zero-IF architecture with BB envelope detection.

	[18] InterDigital
	Proposal 1  Consider relative power consumption of the RF envelope as 0.002.

	[21] Samsung
	Proposal 11: Further study the relative power consumption and the noise figure of the LP-WUS based on the value defined for evaluation according to different types of receiver architecture, e.g., the relative power consumption for the architecture with RF envelope detection can be [0.01/0.05/0.1], the relative power consumption for the homodyne/zero-IF architecture with baseband envelope can be [0.5/1], and the relative power consumption for the heterodyne architecture with IF envelope detection architecture can be [1/2/4].




Whether to de-prioritize the architecture with RF envelope detection has been discussed in the previous meetings and in some contributions submitted to RAN1#112bis-e. Majority of the companies supported the de-prioritization, but some companies still prefer to keep it on the table. To move the discussion forward, the moderator proposes to capture the basic understanding of the architecture into the TR. At the same time, based on the view of majority companies, it is also proposed that we do not consider it further in the study. So far it seems that companies are not providing evaluation results specifically for this architecture anyway.

Proposal 2-1: (RF envelope detection)
Capture the following observation in TR38.869:
For the architecture with RF envelope detection,
· The relative power consumption of the receiver can be low, which can potentially reach [0.01~0.1] according to companies’ estimates.
· Even though LO/PLL is not needed, a reference clock is still needed for the ADC and baseband processing.
· The main drawbacks include:
· It is challenging in practice to support multi-band as it requires multiple very high-Q matching networks and/or RF BPFs and may require off-chip components.
· Poor interference rejection/suppression capability
· Relatively poor noise figure/sensitivity/coverage
· These drawbacks make this architecture not very suitable for a cellular environment.
· Due to this reason, this architecture is not further considered in the study for evaluation or defining the design requirements.
· Note: this does not prevent a UE from implementing this architecture if considered appropriate.


	Company
	Comments

	MTK
	Okay

	vivo 
	We are ok with the first two bullets. 
We are not ok with the last three ones and suggest to remove them. 
For the 3rd bullet regarding the interference rejection, multi-band capability, and noise figure, it has already discussed and agreed to be captured in TR38.869 in RAN 1 #111, we don’t need to agree on the existing agreement again. 
For the 4th bullet, RF architecture may not apply to all cellular cases, but for some cases with medium sensitivity and extremely low power consumption requirements, RF architecture is the best choice. 
For the 5th bullet, it is not necessary to exclude the RF architecture in the study for evaluation or defining the design requirements, as the additional work is quite marginal. To our understanding, currently common signal design is strived in RAN 1 regardless of UE architecture, otherwise it will mandate the implementation of a specific one, which is not the intention. For the evaluation, a different noise figure value can be picked for RF architecture compared to the other two types, which brings quite limited workload from our observation.

RAN 1 #111 Agreement
The following observation to be captured in TR38.869:
For the architecture with RF envelope detection,
· It can achieve relatively low power consumption due to the removal of LO/PLL.
· Interference suppression for adjacent channel interference requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
· [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Interference suppression for interference from legacy NR signals and/or other LP WUS on adjacent subcarriers, if performed in RF, requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
· The support of multiple bands and/or carriers may require multiple high-Q matching networks and/or RF BPFs or multiple off-chip components.
· [bookmark: OLE_LINK5]RF LNA can be applied to improve sensitivity, with the cost of additional power consumption.
· The noise figure can be relatively high.


	Nordic 
	Support

	OPPO
	OK

	Intel
	We are OK with the proposal. 
For the last bullet, if companies think ‘not further considered’ is too strong, we may revise the wording, e.g., a study dedicated to RF envelope detection is not considered. 

	Nokia, NSB
	Support proposal.

	ZTE, Sanechips
	Okay.

	QC
	We prefer not to capture specific numbers like “[0.01~0.1]”. Instead we can capture qualitative comparison compared to other receiver architecture types, e.g., like “RF envelop detection based receiver could be implemented consuming lower power than IF and ZIF architecture due the absence of power hungry RF components such as LP/PLL”.

Some modifications here:

· It is challenging in practice to support multi-band while sharing the existing RF front end with MR, as it requires multiple per-band very high-Q matching networks and/or RF BPFs and may which are off-chip components.



	LGE
	It seems that some are already covered by previous agreement, e.g., the 3rd bullet. We can focus on the first bullet and the last bullet. We are OK with both bullets.

	Samsung 
	Support 

	Huawei, HiSilicon
	We agree with vivo, we do not need to capture what is already captured in the previous agreements. and we are fine with the first two bullets. We suggest also to capture the power values and noise figures that goes with these values. 

Based on that we propose the following modifications in blue:

Proposal 2-1: (RF envelope detection)
Additionally, Capture the following observation in TR38.869:
For the architecture with RF envelope detection,
· The relative power consumption of the receiver can be low, which can potentially reach [0.01~0.1] according to companies’ estimates (Note each company estimates will be captured in the TR).
· The noise figure of the receiver can be [xx, yy]
· Even though LO/PLL is not needed, a reference clock is still needed for the ADC and baseband processing.
· The main drawbacks include:
· It is challenging in practice to support multi-band as it requires multiple very high-Q matching networks and/or RF BPFs and may require off-chip components.
· Poor interference rejection/suppression capability
· Relatively poor noise figure/sensitivity/coverage
· These drawbacks make this architecture not very suitable for a cellular environment.
· Due to this reason, this architecture is not further considered in the study for evaluation or defining the design requirements.
· Note: this does not prevent a UE from implementing this architecture if considered appropriate.



	Ericsson1
	In principle OK. At this stage, when capturing relative power consumption range for each architecture quantitatively, the corresponding expected NF range should also be captured. HW/HiSi proposed updates look OK to us.

	CATT
	NO.   We do NOT agree the proposal to be included in the TR since not all technical assessments are true .   
· The RF envelope detector requires coarse timing information, which the frequency error of 50 ppm is tolerable.  It has less stringent clock accuracy requirements for other architectures.  
· The advantage of the RF envelope detector allows the UE out-of-sync to the network and detect the LP-WUS.  It does not need the synchronization procedure.  
· The high Q matching networks are needed for all architecture.   
· The low power consumption is the key advantage of RF envelop detector, which comes with less receiver sensitivity.

	MTK
	HW’s proposal is okay to us.  




Architectures for OOK
Architectures for OOK-2 and OOK-3
The following was agreed in RAN1#112, with the architectures for OOK-2 and OOK-3 FFS.
	Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 
· …
· Option OOK-2: Parallel M-bit OOK in frequency domain, 
· N SCs of LP-WUS is further separated into M segments (M=2 in Figure) possibly with guard-bands in-between and/or around 
· OOK=1 means all SCs in segment are modulated
· OOK=0 means all SCs in segment are zero power (from base-band point of view)
· FFS architecture.

[image: ]

· Option OOK-3: Multi-tone single-bit OOK
· N SCs of LP-WUS is separated into L segments (L=2 on Figure) without guard-bands in-between segment, but possibly around
· OOK=1 means 1 sub-carrier (known by UE) of each segment is modulated, rest of SC is zero power (from base-band point of view)
· OOK=0 means all SCs in all segments are zero power (from base-band point of view)
· FFS architecture
[image: ]
· …



[CLOSED] Proposal observation 3-1: (OOK-2)
OOK-2 can be received using the agreed receiver architectures for OOK with parallel envelope detection.

	Company
	Comments

	MTK
	Okay

	vivo
	ok

	InterDigital
	Fine

	OPPO
	OK

	Intel
	OK

	Nokia, NSB
	Support proposal.

	Spreadtrum
	Fine

	ZTE, Sanechips
	Okay

	QC
	ok

	LGE
	OK

	Samsung 
	OK

	Panasonic
	Okay.

	Huawei, HiSilicon
	Agree

	Ericsson1
	OK

	CATT
	OK

	Moderator
	It was agreed during 04/18 online. Discussion closed.




Proposal 3-2: (OOK-3)
Study the receiver architecture (as an example that can be captured in the TR) for OOK-3 based on the following diagram:
· Note: Other architectures are not precluded.
[image: Diagram
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	Company
	Comments

	MTK
	Need clarification. It is unclear whether the tone energy computation needs L parallel circuits for L segments or N parallel circuits for N SCs. Also, what is the difference between the first LPF in the DBB and the BB LPF before ADC.

	vivo
	Regarding the digital WU-Rx, we are not sure how the blocks ‘intended WU signal extraction’ and ‘Rx En. Computation’ work. Further elaboration is quite appreciated.
Further, when look at the analog part, I&Q branch are maintained and phase information is provided, but only energy is accumulated in the digital WU-Rx. We are wondering whether the hardware part for deriving phase information via I&Q  can be removed to reduce the design complexity and power consumption. 

	Intel
	We are fine with the diagram in principle. Though it is named as OOK-3, we understood it is more similar to an OFDM receiver from the requirement on phase information point of view. 

	Nokia, NSB
	Similar view as Vivo, some further elaboration explaining the Rx. En Computation and also the G() function would be appreciated.

	Spreadtrum
	Fine. OOK-3 seem single-tone modulation scheme. It may be similar to OFDM based receiver. However, if power boosting is not supported, OOK-3 may not be feasible to reach the coverage target.

	ZTE, Sanechips
	Clarification for each component is needed, for example, how the signal extraction, G(fm), Rx En. Computation works.

	Huawei, HiSilicon
	In principle, we are ok with study, although it does not need to be prioritized. However, we agree with MTK and vivo that a clarification is needed. 
1) What is ‘intended WU signal extraction” block is used for? 
2) How the I/Q values will be processed? 
3) Why there is a feedback loop in the receiver? 
4) What process will happen in the “detection Metric computation” and “Rx En. Computation”? 
5) Why there is a dashed box around “tone energy computation”? 


	Ericsson1
	In principle OK to add for study after further clarifications. We have similar questions as those raised above.

	CATT
	We are OK with the example of the OOK-3 architecture captured in the Chairman’s note only for reference.   We don’t need any detail of every architecture captured in the TR.

	Apple
	Thanks for the comments. Here are some detailed explanations on the example architecture.
(1) “The intended WU signal extraction” is essentially a LPF that filters out the WUS.
(2) G(.) represents a Goertzel filter. I/Q values are required, and they are processed by Goertzel filters after going through the LPF. (@MTK) For L segments (with a total of N SCs), LP WUS for each UE uses one tone in each of the segments, and a Goertzel filter is needed for each tone of interest. Therefore, it needs L parallel circuits, one per tone.
· The receiver is based on Goertzel filters, which replaces FFT to computer the signals for a small number of tones, with greatly reduced complexity compared to FFT. We have some details included in our contribution R1-2303506.
· The reference for Goertzel filter is: Sysel, Petr, and Pavel Rajmic. “Goertzel Algorithm Generalized to Non-Integer Multiples of Fundamental Frequency.” EURASIP Journal on Advances in Signal Processing. Vol. 2012, Number 1, December 2012, pp. 56-1–56-8. https://doi.org/10.1186/1687-6180-2012-56.
· Here is an example of a 3-tone Goertzel receiver:
[image: Diagram
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(3) “Rx En. Computation” is a block to calculate the receive energy, which is used to assist in the determination of the detection threshold. This can be considered as a very specific way of implementation.
(4) “Detection Metric Computation” is a block that makes decision on whether WUS is present or not, based on the comparison between a detection metric and a detection threshold. The details of course is implementation dependent.
We hope this addresses most of the questions from companies.

@MTK,
(2) Whether BB LPF(s) in digital or analog or both domains are used is more of an implementation issue. Our understanding is that the filter before ADC is used to reduce the incoming signal bandwidth in the ADC band that can be larger, in principle, than the allocated band for LP-WUS. The second filter in digital domain is a digital filter that helps in extracting only the allocated band. The digital filter has better suppression capability compared to analog one so introducing a filter in the digital domain may be used to suppressed neighbouring OFDM SC coming form NR signal from adjacent portion of the band. Since the detection method uses the signal energy in the detection process, filtering in the digital domain may help in avoid accounting in the energy computation for non intended signals, like NR signal in adjacent portion of the band or ACS if present.
@vivo,
(1) Please also check the response to MTK.
(3) This was the architecture we identify that may serve the purpose based on the digital processing results we had. For this particular architecture, I/Q information is necessary for Goertzel filter processing. Modifications are feasible but possible impacts on performance needs to be evaluated. If a filter around the interested tone is used, it may require additional guard band. In addition, the architecture above may give flexibility if some pilot tones are introduced for synchronisation or measurement purposes. We should note that we simply propose a possible digital detection algorithm for the L tones that is based on Goertzel filters that has lower complexity compared to FFT. There can be other solutions for tone detection that can be explored.
@Spreatrum:
Power boosting, adding more tones in frequency, introduce repetition in time are all possible solutions to boost performance.
@Huawei,
3) In fact it is not a feedback loop. There should be an arrow pointing from “The Rx En. Computation” to “Detection Metric Computation” box.
5) For the dashed box, it just means that the blocks within the dashed box performs “Tone energy computation, which we feel is useful note for companies understanding.

Here is a slightly updated version for DBB diagram:
[image: ]

	Moderator
	Apple has provided some clarifications for the blocks in baseband processing. Please kindly check and see if more clarifications are needed.

@CATT, the wording is changed. The main purpose is to provide a reference architecture for now. Whether to capture it in the TR can be discussed later.

Based on the clarifications, the proposal is updated to the following:

Proposal 3-2r1: (OOK-3)
Study the receiver architecture (as an example that can be captured in the TR) for OOK-3 based on at least the following example diagram:
· For digital BB processing,
· Goertzel filters are used to computer the signals for a small number of tones, which replaces FFT.
· Tone energy is computed and a detection algorithm is used to detect the presence of WUS.
· Note: Other architectures are not precluded.
[image: ]

	Futurewei
	We are in principal OK with the proposal, but would like to point out that a variant of this architecture can be used to receive OOK-1 with relaxed requirements on LO accuracy where self-mixing envelope detection can be performed before the LPF in DBB and the Goertzel filters can still be used to detect energy at one or more specific tones. As for the LP-WUS design that can result in a signal with good SNR at a specific frequency/tone, e.g., IF_0, is described below (as discussed under AI 9.11.3)

· The N SCs of LP-WUS are separated into  segments of length  SCs each.
- The number of segments . 
- The segment length  for a target low envelope IF of .
- Each segment is occupied by a sequence of length and good autocorrelation properties .
[image: ]
Therefore, we suggest the following modification to the proposal

 Proposal 3-2r1: (OOK-3)
Study the receiver architecture (as an example that can be captured in the TR) for OOK-3 based on at least the following example diagram:
· For digital BB processing,
· Goertzel filters are used to computer the signals for a small number of tones, which replaces FFT.
· Tone energy is computed and a detection algorithm is used to detect the presence of WUS.
· Note: a self-mixing envelope detection before the LPF in DBB can be added to receive a signal generated using OOK-1 with lower LO accuracy requirements.
· Note: Other architectures are not precluded.


	MTK
	Proposal 3-2r1 looks okay to us. 

For FW’s proposal, we wonder why adding an envelope detection before the LPF in DBB. If our goal is to demod OOK-1/4, it seems only transmitting OOK via a single tone would be sufficient. Note that tone energy computation has included ED and can be used to detect OOK-1/4. 

	Huawei, HiSilicon
	We thank Apple for the clarifications. In principle, we are ok with study, However, we noticed in AI 9.11.3 that there was a proposal/discussion to deprioritize OOK-3 with respect to other OOKs waveforms. Hence, we think this receiver should be deprioritized as well. 



	Futurewei
	@MTK using the modulation scheme described above, the self-mixing envelope detection before the LPF in DBB acts as a de-spreading module that collects the energy from the whole LP-WUS BW and concentrates it into one or multiple tones. The tones are generated by the intermodulations of the LP-WUS, therefore they are less susceptible to errors in LO frequency, i.e., considering sufficient guard bands around the whole LP-WUS (which has to be considered any way).
  

	vivo
	Thanks Apple for the elaborations. We are in general ok with Proposal 3-2r1 from moderator.

	InterDigital
	We are also fine for the study, but it’s better to discuss this issue after discussing whether to deprioritize OOK-3 or not. In addition, there seems one typo in the proposal. 

Proposal 3-2r1: (OOK-3)
Study the receiver architecture (as an example that can be captured in the TR) for OOK-3 based on at least the following example diagram:
· For digital BB processing,
· Goertzel filters are used to computer the signals for a small number of tones, which replaces FFT.
· Tone energy is computed and a detection algorithm is used to detect the presence of WUS.
· Note: a self-mixing envelope detection before the LPF in DBB can be added to receive a signal generated using OOK-1 with lower LO accuracy requirements.
· Note: Other architectures are not precluded.


	Moderator
	Given that no de-prioritization on OOK-3 was agreed, the proposals is updated based on comments.
Proposal 3-2r2: (OOK-3)
Study the receiver architecture (as an example that can be captured in the TR) for OOK-3 based on at least the following example diagram:
· For digital BB processing,
· Goertzel filters are used to computer the signals for a small number of tones, which replaces FFT.
· Tone energy is computed and a detection algorithm is used to detect the presence of WUS.
· [Note: a self-mixing envelope detection before the LPF in DBB can be added to receive a signal generated using OOK-1 with lower LO accuracy requirements.]
· Note: Other architectures are not precluded.
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Homodyne/zero-IF architecture with baseband envelope detection
Here are the relative power consumptions that companies proposed for the Homodyne/zero-IF architecture with baseband envelope detection for OOK.
	[12] HW, HiSi
	The expected relative power consumption value of each receiver architecture with single branch of envelope detection with proper trade-off between components power consumption and performance can be:
•	0.05 for receiver architecture with RF envelope detection with noise figure of 20 dB
•	0.1 for receiver heterodyne architecture with IF envelope detection with noise figure of 15 dB
•	0.09 for zero-IF architecture with baseband envelope detection with noise figure of 15 dB

	[14] vivo
	Proposal 3:  The relative power consumtion of LP-WUR ‘on’ state for OOK detection are 0.01x~0.1x unit for RF envelope detection,  0.1x~1x unit for heterodyne architecture with IF envelope detection, and 0.1x~1x unit for homodyne/zero-IF architecture with BB envelope detection.

	[18] InterDigital
	Proposal 3  Consider relative power consumption of the Heterodyne with IF envelope detection (zero-IF with baseband envelope detection?) receiver as 0.2.

	[21] Samsung
	Proposal 11: Further study the relative power consumption and the noise figure of the LP-WUS based on the value defined for evaluation according to different types of receiver architecture, e.g., the relative power consumption for the architecture with RF envelope detection can be [0.01/0.05/0.1], the relative power consumption for the homodyne/zero-IF architecture with baseband envelope can be [0.5/1], and the relative power consumption for the heterodyne architecture with IF envelope detection architecture can be [1/2/4].

	[22] MediaTek
	Proposal 2	The power consumption of adding I/Q branches to a zero-IF architecture can be comparable to that of FSK receivers, at around 0.05, 0.1 and 0.5, respectively.



Proposal 3-3: (zero-IF OOK)
Capture the following observation in TR38.869:
For the homodyne/zero-IF architecture with baseband envelope detection for OOK,
· The relative power consumption of the receiver is approximately [0.1~1] according to companies’ estimates.
· The matching network and RF BPF for LP WUR may reuse those of the main radio.
· A low power RF LNA may be used to improve the sensitivity.
· A BB BPF is typically used for adjacent channel interference or adjacent subcarrier interference.
· A local oscillator with low accuracy (e.g. 50~200ppm) is typically assumed.
· The ADC sampling rate depends on the LP-WUS bandwidth and/or data rate.
· Note: it is unclear whether the assumed receiver can satisfy the existing ACS requirements and in-band blocking requirements or not.
· An additional I/Q branch may be added to improve the system's resilience to multi-path channels and frequency errors, which consumes additional power.

	Company
	Comments

	MTK
	Agree.
For additional I/Q branch, we observed a performance loss when a gNB uses both in-phase (I) and quadrature (Q) components to transmit data (OOK-1), but a receiver only uses the in-phase component to receive data. It is not possible to accurately recover the transmitted data. The similar performance loss we found is when OOK-4 is used in the presence of phase noise or a multi-path channel. The transmitted in-phase signal (OOK-4) could be lost partially after phase rotations, if only in-phase component is used at the receiver.

	vivo
	· Delete the first two sub bullets of the first bullet, which have been already agreed to be captured in TR38.869 in RAN 1#111. 
· Delete the note in the last sub bullet of the first bullet, as RAN4 is studying the requirements on the adjacent channel interference and adjacent subcarrier interference rejection for LP-WUR and doesn’t achieve any conclusion yet. Furthermore, whether such requirements can be satisfied or not depends on not only the filter characteristics of homodyne/zero-IF architecture, but also the guard gap placed on each side of LP-WUS. Therefore, we can delete the note and wait for RAN4’s progress.
· Regarding the second bullet, we would like to understand how an additional I/Q branch for envelop detection can help to improve the system's resilience to multi-path channels and frequency errors. 

	Intel
	We agree the second sub-bullet of first bullet is not needed. With this sub-bullet, does it intended to say the power consumption is still [0.1~1] or can exceed [0.1~1]?
For the second bullet, it is appreciated the supporting companies can clarify how additional I/Q branch helps. 

	Nokia, NSB
	How will the relative power consumption figure/range be finally agreed?
Note, do we need some standardized assumptions for the architectures used to derive comparable power assumption figures.   For example, does the architecture include an AGC, which could be essential to support some level of mobility/fading?  

	Spreadtrum
	Share the similar view as MTK.

	ZTE, Sanechips
	Agree. 

Suggest to clarify an example ADC bits as follows.
· The ADC sampling rate (e.g., at least 4 bits ADC) depends on the LP-WUS bandwidth and/or data rate.



	QC
	Instead of capturing relative power numbers “[0.1-1]”, we could qualitatively describe its power consumption relative to other receiver architecture;
· The relative power consumption of the homodyne receiver architecture is typically larger than RF envelop detector, yet smaller than that of OFDM receiver.

We do not think following statement is necessary. Whether ACS requirement can be met or not is just design decision.
· “Note: it is unclear whether the assumed receiver can satisfy the existing ACS requirements and in-band blocking requirements or not.”

The choice of LO is highly design dependent. Please remove specific numbers.
· A local oscillator with low accuracy (e.g. 50~200ppm) is typically could be assumed used for low cost / low power implementation.


	LGE
	As pointed out by vivo, some are already covered by previous RAN1 agreement. It doesn’t need to discuss/capture them again.

	Samsung 
	For the first sub-bullet, we think it should be reserved since we just agree that “The matching network and RF BPF for LP WUR may or may not reuse those of the main radio.” in RAN1 111.
For the second sub-bullet, RF LNA may also reuse those of MR since a similar coverage of DL signals/channels should be ensured, like PDCCH. Although the main power consumption of RF section is coming from LNA, which can be tens of uw in our opinion, e.g., 30 uw, the agreed power consumption for LR can still be fulfilled by using the homodyne/zero-IF architecture. For local oscillator, instead of value in ppm, max frequency error and frequency drift value can be provided as examples for clarification. For ADC sampling rate, it is necessary to clarify the definition of data rate. e.g., chip-rate of OOK or information bit rate.
And similar phenomenon mentioned by MTK was observed in our evaluation. Therefore, we suggest to further discuss the impact by the presence of I/Q branch.
In addition, we would like to clarify the meaning of “additional I/Q branch” in the last bullet, is it an additional I/Q branch other than the I/Q branch in the homodyne/zero-IF architecture.
In summary, we suggest to make a modification on sub-bullet of this proposal, which is shown as:
· A low power RF LNA or the RF LNA in the MR may be used to improve the sensitivity.
· A local oscillator with low accuracy (e.g. 50~200ppm), the max frequency error and frequency drift value is typically assumed.
· Further discuss the impact by the presence of I/Q branch

	Huawei, HiSilicon
	We agree with vivo on deleting repetitions.

Based on that we propose the following modifications in blue :


Proposal 3-3: (zero-IF OOK)
Additionally, Capture the following observation in TR38.869:
For the homodyne/zero-IF architecture with baseband envelope detection for OOK,
· The relative power consumption of the receiver is approximately [0.1~1] according to companies’ estimates (Note each company estimates will be captured in the TR).
· The matching network and RF BPF for LP WUR may reuse those of the main radio.
· A low power RF LNA may be used to improve the sensitivity.
· A BB BPF is typically used for adjacent channel interference or adjacent subcarrier interference.
· A local oscillator with low accuracy (e.g. 50~200ppm) is typically assumed.
· The ADC sampling rate depends on the LP-WUS bandwidth and/or data rate.
· Note: it is unclear whether the assumed receiver can satisfy the existing ACS requirements and in-band blocking requirements or not.
· An additional I/Q branch may be added to improve the system's resilience to multi-path channels and frequency errors, which consumes additional power.
· The noise figure of the receiver can be [xx, yy]



	Ericsson1
	At this stage, when capturing relative power consumption range for each architecture quantitatively, the corresponding expected NF range should also be captured. 
In our understanding the LO accuracy can be better e.g., 20ppm for the higher relative power values. Suggest to update (e.g. 50~200ppm) to (e.g. 20~200ppm)

	CATT
	We are generally OK with the proposal to be captured in Chairman’s note only.   The common understanding of these issues are for some typical consideration in the implementations.  We should NOT capture these in the TR to restrict the implementation of LP-WUR

	Moderator
	There were comments on some of the sub-bullets, which seemed to be duplication of the earlier agreements. These bullets intend to explain the assumptions for the relative power consumption numbers.
For now, we can pause the discussion here and move to Question 7-1. Let us discuss the plan on how to move forward first.

	
	




Heterodyne architecture with IF envelope detection

Here are the relative power consumptions that companies proposed for the architecture with IF envelope detection.
	[12] HW, HiSi
	The expected relative power consumption value of each receiver architecture with single branch of envelope detection with proper trade-off between components power consumption and performance can be:
•	0.05 for receiver architecture with RF envelope detection with noise figure of 20 dB
•	0.1 for receiver heterodyne architecture with IF envelope detection with noise figure of 15 dB
•	0.09 for zero-IF architecture with baseband envelope detection with noise figure of 15 dB

	[14] vivo
	Proposal 3:  The relative power consumtion of LP-WUR ‘on’ state for OOK detection are 0.01x~0.1x unit for RF envelope detection,  0.1x~1x unit for heterodyne architecture with IF envelope detection, and 0.1x~1x unit for homodyne/zero-IF architecture with BB envelope detection.

	[18] InterDigital
	Proposal 2  Consider relative power consumption of the Heterodyne with IF envelope detection receiver as 0.2.

	[21] Samsung
	Proposal 11: Further study the relative power consumption and the noise figure of the LP-WUS based on the value defined for evaluation according to different types of receiver architecture, e.g., the relative power consumption for the architecture with RF envelope detection can be [0.01/0.05/0.1], the relative power consumption for the homodyne/zero-IF architecture with baseband envelope can be [0.5/1], and the relative power consumption for the heterodyne architecture with IF envelope detection architecture can be [1/2/4].



Proposal 3-4: (Heterodyne OOK)
Capture the following observation in TR38.869:
For the heterodyne architecture with IF envelope detection for OOK,
· The relative power consumption of the receiver is approximately [0.1~4] according to companies’ estimates.
· The matching network and RF BPF for LP WUR may reuse those of the main radio.
· A low power RF LNA may be used to improve the sensitivity.
· Image rejection mixer is typically assumed for image rejection, which requires two-branch (I/Q) mixing with good matching in gain and phase, and consumes additional power.
· A IF BPF is typically used for adjacent channel interference or adjacent subcarrier interference.
· A local oscillator with low accuracy (e.g. 50~200ppm) is typically assumed.
· The ADC sampling rate depends on the LP-WUS bandwidth and/or data rate.
· Note: it is unclear whether the assumed receiver can satisfy the existing ACS requirements and in-band blocking requirements or not.

	Company
	Comments

	MTK
	Okay

	vivo
	· For the main bullet, suggest to change [0.1-4] to [0.1-1], which is also for homodyne/zero-IF architecture, we don’t observe a large power consumption gap between such two receiver architectures.
· Delete the first three sub bullets of the first bullet as they have been already agreed to be captured in TR38.869 in RAN 1#111.  Furthermore, for the third sub bullet, image rejection can be done via either image rejection filter or image rejection mixer
· Delete the note in the last sub bullet as state in proposal 3-3. 

	Intel
	More discussion is necessary for upper bound [4] which seems too pessimistic. 

	Nokia, NSB
	Same comment as proposal 3-3

	Spreadtrum
	Fine

	ZTE, Sanechips
	Okay

	QC
	We suggest to remove “[0.1~4]”. We can qualitatively describe the power consumption compared to other types of receiver. 
· The relative power consumption of the heterodyne receiver architecture is typically larger than RF envelop detector, yet smaller than that of OFDM receiver. 

We do not think following statement is necessary. Whether ACS requirement can be met or not is just design decision.
· “Note: it is unclear whether the assumed receiver can satisfy the existing ACS requirements and in-band blocking requirements or not.” 

The choice of LO is highly design dependent. Please remove specific numbers.
· A local oscillator with low accuracy (e.g. 50~200ppm) is typically could be assumed used for low cost / low power implementation.



	LGE
	As pointed out by vivo, some are already covered by previous RAN1 agreement. It doesn’t need to discuss/capture them again. Other bullets are fine to us.

	Samsung 
	Similar view with proposal 3-3. For the power consumption of the heterodyne architecture with IF envelope detection, the lower bound should be a bit larger than that of the power consumption of the homodyne/zero-IF architecture with baseband envelope detection due to the additional IF components. Therefore, the relative power consumption should at least [0.5~4] in our view.

	Huawei, HiSilicon
	We agree with vivo. and values of power consumption should be resendable and if not then they should be excluded from the TR.
Based on that we propose the following modifications in blue:

Proposal 3-4: (Heterodyne OOK)
Additionally, Capture the following observation in TR38.869:
For the heterodyne architecture with IF envelope detection for OOK,
· The relative power consumption of the receiver is approximately [0.1~1] according to companies’ estimates (Note each company estimates will be captured in the TR and extreme values could be excluded if needed).
· The matching network and RF BPF for LP WUR may reuse those of the main radio.
· A low power RF LNA may be used to improve the sensitivity.
· Image rejection mixer is typically assumed for image rejection, which requires two-branch (I/Q) mixing with good matching in gain and phase, and consumes additional power.
· A IF BPF is typically used for adjacent channel interference or adjacent subcarrier interference.
· A local oscillator with low accuracy (e.g. 50~200ppm) is typically assumed.
· The ADC sampling rate depends on the LP-WUS bandwidth and/or data rate.
· Note: it is unclear whether the assumed receiver can satisfy the existing ACS requirements and in-band blocking requirements or not.
· The noise figure of the receiver can be [xx, yy]



	Ericsson1
	At this stage, when capturing relative power consumption range for each architecture quantitatively, the corresponding expected NF range should also be captured. 
In our understanding the LO accuracy can be better e.g., 20ppm for the higher relative power values. Suggest to update (e.g. 50~200ppm) to (e.g. 20~200ppm)

	CATT
	We are generally OK with the proposal to be captured in Chairman’s note only.   The common understanding of these issues are for some typical consideration in the implementations.  We should NOT capture these in the TR to restrict the implementation of LP-WUR

	Moderator
	There were comments on some of the sub-bullets, which seemed to be duplication of the earlier agreements. These bullets intend to explain the assumptions for the relative power consumption numbers.
For now, we can pause the discussion here and move to Question 7-1. Let us discuss the plan on how to move forward first.

	
	




Architecture for FSK
There are comments from CATT suggesting that we do not need to discuss the details of the FSK receiver, because they are implementation issues. My original purpose of having all these questions is to align the understanding of FSK among companies. Now I would like to check if companies think we should continue these discussions or not.
[High Priority] Question 4-0: (FSK)
Companies please comment on whether you think we should continue the discussions on Questions 4-1 to 4-7 under this AI. If yes, which questions/aspects are considered important and why.
	Company
	Comments

	Futurewei
	Our understanding is that Q4-4 and Q4-5 can be further discussed under this AI, but the rest might be more suitable under AI 9.11.3.

	
	

	Huawei, HiSilicon
	In this section, we should at least continue discussion, with the aim at the end to capture in the TR, the following:
1) Question 4-2: We propose to capture in the TR : FO estimation and correction are possible for FSK using the previously agreed FSK receivers in the study, with the help of suitable reference signal (that could possibly agree on in AI 9.11.3).     
2) Proposed observation 4-3:  We propose to capture in the TR : The frequency gap between FSK segments can be greater than 2 * FO_max if not interference between the segments’ detectors is allowed. However, smaller gaps than 2*FO_max can also be tolerated it interference between the segments’ detectors is allowed. Note FO_max is maximum value of FO.      
3) Question 4-6:  We propose to capture in the TR:  It is recommended to a keep the “guard band” between the FSK carriers (and some of OOK carriers i.e., OOK-3) free of transmission. In order to allow for practical filters design and limit the inter carrier interferences. However, this is an advantage because it allows sending same amount of data as OOK for example with less interference in NR and give a possibility of power boosting (power not used for some sub-carriers will be redistributed on the other sub-carriers).  
Note: (no need to capture in the TR) Given that, we cannot say in this AI the exact gains or losses of the corresponding modulations which is currently under discussions in AI 9.11.3 LP-WUS signal evaluation. 


	vivo
	We think it is necessary to continue discussing FSK at least Q4-2, Q4-3, Q4-4, Q4-5, and Q4-6.



[CLOSED] Question 4-1: (FSK)
Observation 16 in [14] suggests that it is difficult to utilize soft information in correlation-based sequence detection for FSK carrying M bits. Companies please comment whether you agree with this observation.
	Company
	Comments

	vivo
	For option FSK-2, where one codepoint of M bits is carried by one of 2^M segments, it may be difficult to utilize soft information for sequence detection as the soft information of one codepoint itself doesn’t directly represent the soft information of the M information bits. 

	ZTE, Sanechips
	We agree with this in some sense. The hard decision for each FSK symbol is the regular method. 

	Huawei, HiSilicon
	We do not agree with this unclear observation which appears to be saying only that it is difficult to do something.  

	Moderator
	At this stage, there is no proposal, and this discussion is more for mutual understanding. So if a company does not agree with the observation, it would be helpful if the company can share some thoughts on how we may use soft information for sequence correlation.

	Moderator
	Given that the proponent did not consider it is important to continue to discuss this issue, this discussion is closed. The moderator also thinks this may not be an architecture issue. Instead, it can be discussed under AI 9.11.3 considering the performance impact.



Parallel receiver architectures
Here are the companies’ proposals and observations regarding the parallel receiver architectures for FSK.
	[12] HW, HiSi
	Observation 4.	Receiver for FSK with parallel envelope detectors enables frequency error correction, when assisted by a suitable reference signal.

Proposal 2:	Capture the following relative power consumption value in TR 38.869:
•	Receiver for FSK with parallel envelope detector enables frequency error correction, when assisted by a suitable reference signal.
•	The expected relative power consumption value of each receiver architecture with proper trade-off between components power consumption and performance can be as follow:
o	A 2-branch parallel receiver architecture consumes similar power as a 2-branch parallel receiver for OOK signal with the same noise figure.
o	Each additional branch for analogue/digital envelope detection will be round 0.01 and 0.02 respectively.

	[14] vivo
	Observation 9 For FSK receiver based on parallel OOK receivers with a heterodyne or zero-IF architecture, the frequency gap between two adjacent frequencies or two adjacent frequency sets should be not smaller than two times of the max frequency offsets. 

Observation 10 For FSK receiver based on parallel OOK receivers with a heterodyne or zero-IF architecture, at least two times of the max frequency offsets within the frequency gap shall not be used by other DL signals/channels or other WUS signals.

Observation 11 For FSK receiver based on parallel OOK receivers, interference rejection performance highly depends on  whether the interferences across 2M frequencies or frequency sets are coherent or not.

	[19] Nokia, NSB
	Observation 8:	The 1.44 MHz modulation bandwidth for MC-FSK within a 5 MHz bandwidth, enables wider guardbands to be applied, thereby simplifying the complexity of the filters required.

Observation 9:	The estimated power consumption for the MC-FSK parallel receiver architectures is expected to be approximately 30% higher than the comparable MC-OOK receivers.

	[20] ZTE, Sanechips
	Observation 1: For Ring Oscillator with maximum frequency error of 200ppm@2.6GHz, if single-SC FSK with SCS=30KHz is used for LP-WUS transmission, about 35 times of BW required for the single-SC FSK should be allocated for guardband to mitigate the influence of up to 520KHz frequency offset. It will cause extremely low frequency efficiency.
Observation 2: For Multiple-SCs FSK transmission with parallel receiver architecture, the reception performance of 2-bits FSK is obviously worse than that of 1-bit FSK.



Question 4-2: (FSK parallel receiver)
Observation 4 in [12] suggests that “Receiver for FSK with parallel envelope detectors enables frequency error correction, when assisted by a suitable reference signal.” Companies please provide your view on the observation and whether we can capture the observation in the TR.
	Company
	Comments

	vivo
	Regarding the frequency error correction, we would like to understand the time required for the frequency error correction and also how this affects the guard gap to accommodate the frequency error. 

	Intel
	Using a reference signal helps in frequency error correction, but it is not the only option. 

	Nokia, NSB
	Additional context wanted for this observation for this specific architecture.  If the observation is being made to emphasize that comparable frequency error correction is easier for this architecture compared to others, then maybe that should be made clearer?

	ZTE, Sanechips
	We think any reference signal may enable frequency error correction, which also can be applied for OOK.


	Samsung 
	A suitable reference signal is unclear to us. Suggest to further explanation.

	Huawei, HiSilicon
	Actually, the concept of FO estimation and compensation for parallel envelope detectors is simple and straightforward to understand. It can be intuitively captured by looking the following figure


When there is a FO then the reference signal will be shift either up or down in frequency. By detecting the power levels at the upper filter and lower filter, as shown in this figure 



 and compare them we can have an estimation on value of FO (represented as a power difference value). Then this value can be used as correction value for the LO (VCO for example). 
Note that this process of FOE can happen in the analog domain or digital based band domain then the FO correction can happen directly to VCO.

	CATT
	We don’t think that this issue should be an isolated issue.  We had discussed the synchronization aspects for LP-WUR.  The synchronization of LP-WUR include both time and frequency synchronization.



Observations 9 and 10 in [14] seem to be valid observations on the architecture according to moderator’s understanding.
Proposed observation 4-3: (FSK parallel receiver)
For FSK receiver based on parallel OOK receivers with heterodyne or zero-IF architecture, the frequency gap between two adjacent frequencies or two adjacent frequency sets should not be smaller than two times of the maximum frequency offsets, and at least two times of the max frequency offsets within the frequency gap should not be used by other DL signals/channels or other WUS signals.
	Company
	Comments

	vivo
	It is related to the frequency error correction performance as discussed in question 4-2, i.e., how this frequency error is tracked by the correction in time and how this correction mechanism affects the required guard gap. 
Two times of the maximum frequency offsets can be considered as the upper bound of the frequency gap.

	Intel
	We share the view that frequency gap should be larger than two times of max frequency offsets. 

	ZTE, Sanechips
	OK with  this Proposal.
Additionally, if single-SC FSK is used for LP-WUS transmission, frequency gap should be far greater than FSK subcarrier spacing, which may cause extremely low frequency efficiency of FSK.

	Samsung 
	Share the same view with vivo.

	Huawei, HiSilicon
	If we do not want to tolerate any king of interference between the FSK segments. In this case, yes, the frequency gap should be higher than 2 * FO_max. 
However, since the FO is not always at its maximum value FO_max we can tolerate some controllable level of inter FSK segments interference with small affordable detection loss. And in this case, we do not need to be limited by this requirement and the frequency gap could be less than 2 * FO_max. Thus, we do not think this observation should be captured

	CATT
	These are implementation issues.

	Nokia, NSB
	Similar view to Huawei.

	Moderator
	Updated based on companies comments:
Proposed observation 4-3r1: (FSK parallel receiver)
For FSK receiver based on parallel OOK receivers with heterodyne or zero-IF architecture, the frequency gap between two adjacent frequencies or two adjacent frequency sets segments should not be smaller than two times of the maximum frequency offsets if no interference between the segments’ detectors is allowed. Smaller gaps than two times the maximum frequency offset can be possible if interference between the segments’ detectors is allowed. , and aAt least two times of the max frequency offsets within the frequency gap should not be used by other DL signals/channels or other WUS signals.


	
	



FSK architectures with frequency to amplitude conversion
Here are the companies’ proposals and observations regarding the FSK architectures with frequency to amplitude conversion.
	[12] HW, HiSi
	Proposal 3:	The zero-IF architecture with baseband FM-to-AM detection is characterized in TR 38.869 as follows:
•	I/Q frequency mixer is required for FM-to-AM detector.
•	FM-to-AM detector enables frequency offset estimation and correction.
•	The relative power consumption is about 0.12 if FM-to-AM detector is used with noise figure of 15 dB.

Proposal 4:	The heterodyne architecture with IF FM-to-AM detection is characterized in TR 38.869 as follows:
•	FM-to-AM detector enables frequency offset estimation and correction.
•	The relative power consumption is about 0.1 with noise figure of 15 dB.

	[14] vivo
	Observation 12  A high precise phase shifting network is necessary to discriminate frequency deviation.
Observation 13 The DC offset in analog quadrature FM discriminator deteriorates the detection performance.
 Observation 14  A sensitivity level of around -70dBm with data rate several kbps under power consumption several milli watts is achieved by analog quadrature FM discriminator. 
Observation 15  For FSK receiver based on frequency to amplitude conversion, it does not work for multi-subcarrier FSK detection.
Observation 16  For FSK receiver, it is difficult to utilize soft information in correlation-based sequence detection for FSK carrying M bits.

	[20] ZTE, Sanechips
	Observation 3: Frequency to amplitude conversion receiver architecture could be applicable for single-SC FSK.
Observation 4: For frequency to amplitude conversion receiver architecture, the conversion design must ensure obvious amplitude difference between multiple frequency ranges, where each frequency range is composed with potential frequency locations of FSK received signal caused by frequency drift of LO. In this way, the design of the conversion is much more complicated.
Observation 5: For single-SC FSK transmission and frequency to amplitude conversion receiver architecture, it will cause extremely low frequency efficiency.
Observation 6: Regarding quadrature frequency discriminator, in order to get a good performance of FM to AM conversion, value of phase shift,, should be carefully selected to make sure  and .
Observation 7: For FSK receiver using quadrature frequency discriminator, the reception performance will be degraded if lower power consumption oscillator, e.g., ring oscillator, is used as LO since the large frequency drift of the LO leads to a non-linear transfer from FM to AM by quadrature frequency discriminator.
Observation 8: For FSK receiver using quadrature frequency discriminator, bandwidth between frequency carriers used for FSK transmission may not be used for other LP-WUSs or legacy NR transmission.



Question 4-4: (FSK with frequency to amplitude conversion)
Observation 12 in [14] and observations 3 in [20] suggest that it is only applicable to single-SC FSK and it does not work for multi-subcarrier FSK detection. Companies please comment whether you agree with this observation.
	Company
	Comments

	vivo
	From our understanding, for quadrature frequency discriminator, it is understood that the instantaneous frequency is transformed into shifting of the phase and then reflected by amplitude difference, and thus, it does not work well to transform multiple subcarriers to a unified phase to get an amplitude.

	Intel
	We share the view that it is problematic if the multiple subcarriers are used for FSK. 

	ZTE, Sanechips
	Agree. For frequency to amplitude conversion receiver architecture, the conversion design must ensure obvious amplitude difference between multiple frequency ranges, where each frequency range is composed with potential frequency locations of FSK received signal caused by frequency drift of LO. In this way, the design of the conversion is much more complicated.
Therefore, Frequency to amplitude conversion receiver architecture could be applicable for single-SC FSK

	CATT
	These are implementation issues.

	Moderator
	The moderator thinks this is an architecture issue that can be discussed under this AI, because it is related to which architecture applies to which WUS signal design.

Here is a proposed observation based on the limited responses.

Proposed observation 4-4: (FSK with frequency to amplitude conversion)
The FSK architectures with frequency to amplitude conversion is applicable to single-SC FSK, but it may be challenging to make the frequency to amplitude conversion work well with multi-subcarrier FSK, where each frequency segment has multiple subcarriers.

	
	



Question 4-5: (FSK with frequency to amplitude conversion)
Observation 15 in [14] and observations 4-7 in [20] discuss the impact and/or complication of phase accuracy, phase shift, frequency drift of LO, etc on the design of frequency to amplitude conversion. Companies please share your view on these aspects.
	Company
	Comments

	vivo
	For analog quadrature frequency discriminator, we observe that the DC offset deteriorates the detection performance.

	ZTE, Sanechips
	Regarding quadrature frequency discriminator, in order to get a good performance of FM to AM conversion, value of phase shift,, should be carefully selected to make sure  and .
For FSK receiver using quadrature frequency discriminator, the reception performance will be degraded if lower power consumption oscillator, e.g., ring oscillator, is used as LO since the large frequency drift of the LO leads to a non-linear transfer from FM to AM by quadrature frequency discriminator
Therefore, for FSK with quadrature frequency discriminator, if the performance of FM to AM conversion can not be guaranteed, FSK performance would be impacted significantly.

	CATT
	These are implementation issues of LP-WUR and should not be discussed here.



Question 4-6: (FSK with frequency to amplitude conversion)
Observation 8 in [20] suggests that bandwidth between frequency carriers used for FSK transmission may not be used for other LP-WUSs or legacy NR transmission. Companies please comment whether you agree with this observation.
	Company
	Comments

	vivo
	If single filter is considered to filter multiple frequencies, it is better to leave bandwidth between frequency carriers used for FSK transmission blank to reduce interferences. 

	Intel
	It would be more simple design by assuming no other LP-WUS/NR signals in between two segments of FSK receiver. 

	ZTE, Sanechips
	FSK signal should firstly pass a BPF, the bandwidth of BPF should be at least include the bandwidth from  to , in order to ensure the performance of FM discriminator from FM to AM, the other frequency resources among this bandwidth may not be used for other LP-WUSs or legacy NR data transmission, unless additional guardband is defined. Therefore, it results in severe bandwidth utilization efficiency reduction.


	Huawei, HiSilicon
	Yes, it is recommended to a keep the “guard band” between the FSK carriers (and some of OOK carriers i.e., OOK-3) free of transmission. In order to allow for practical filters design and limit the inter carrier interferences. However, this is an advantage because it allows sending same amount of data as OOK for example with less interference in NR and give a possibility of power boosting (power not used for some sub-carriers will be redistributed on the other sub-carriers).  Given that, we cannot say in the AI the exact gains or losses of the corresponding modulations which is currently under discussions in AI 9.11.3 LP-WUS signal evaluation 

	CATT
	These are implementation issues of LP-WUR and should not be discussed here.

	Moderator
	My understanding is that this observation is for this architecture specifically, due to the use of FM to AM conversion. This is not even true for FSK using parallel OOK receivers. In that case, the bandwidth between two frequency segments can be very large, and only a certain guard band is needed on each side of a frequency segment, but otherwise the remaining bandwidth can still be used for other signals.

Based on the comments, the following is proposed:

Proposed observation 4-6: (FSK with frequency to amplitude conversion)
For the FSK architectures with frequency to amplitude conversion, the bandwidth between the frequency segments used for FSK transmissions may not be used for other LP-WUSs or legacy NR transmission in order to allow frequency to amplitude conversion to work properly.


	
	



[CLOSED] Question 4-7: (FSK with frequency to amplitude conversion)
Observation 13 in [14] suggests that the DC offset in analog quadrature FM discriminator deteriorates the detection performance. Companies please comment whether you agree with this observation.
	Company
	Comments

	vivo
	For analog quadrature frequency discriminator, in practice, the center frequency of the phase shift network may not be precisely aligned with the carrier frequency of the input FM signal, and thus, a DC offset will be generated which may cause blocking and increase the distortion level of the signal variation. The DC offset is a critical issue of this type of detector, which should be minimized. 

	Huawei, HiSilicon
	We do not agree with this proposal. DC offset is a common issue for Zero-IF receiver architecture for OOK/FSK and OFDM receiver. And there are solutions in order to improve the detection performance

	CATT
	These are implementation issues of LP-WUR and should not be discussed here.

	Moderator
	Given that the proponent did not consider it is important to continue to discuss this issue, this discussion is closed.




Architectures for OFDMA-based signals
Here are the companies’ proposals and observations regarding the architectures for OFDMA-based signals.
	[12] HW, HiSi
	Observation 5.	The zero-IF architectures can be extended to support sequence based LP-WUS with time domain correlation detector implemented in digital baseband processing.
Observation 6.	Initial calibration via the high accuracy clock of MR and periodical synchronization signal can be utilized for LP-WUR.
Observation 7.	Low power oscillator can be adopted in receiver for sequence based waveform with performance loss less than 1dB from ideal due to phase noise.
Observation 8.	Zero-IF architecture with digital baseband correlator for sequence-based waveform  can provide a relative power consumption of 0.15~0.2 with noise figure of 15dB.

Proposal 1: Zero-IF architecture for OFDMA based signal without FFT in baseband processing is captured in TR 38.869 as follows: 
	Aspects
	Details of receiver

	Receiver architecture type
	Zero-IF architecture for OFDMA based signal without FFT in baseband processing

	The support of band and/or carrier tuning
	Reusing matching network and RF bandpass filter of main radio

	Presence of a RF LNA
	With LNA to provide sensitivity improvement with power consumption of 75 μW

	Local oscillator
	Low accuracy oscillator
· Ring oscillator without RTC: max CFO 200 ppm, power consumption 120 μW
· Ring oscillator with RTC: max CFO 50 ppm, power consumption 170 μW

	Presence of PLL or FLL
	PLL is applied

	ADC
	Bit-width: M-bit (power consumption 13.8 μW)
Sampling rate: depending on LP-WUS bandwidth

	Interference rejection capability
	I/Q mixer is required.
In-band adjacent-channel interference: Based on BB LPF

	Assumed signal bandwidth and guard band
	Can support narrowband LP-WUS, e.g. 1.4~4MHz
Guard band should cover the CFO of LO on both sides.

	RF/IF/BB filter characteristics
	RF: Reusing RF BPF of main radio

	Baseband processing
	Sequence correlation 
Sequence based periodical time-frequency synchronization

	Assumed frequency band(s)
	Support at least all FR1 frequency bands

	Power consumption
	0.15~0.2 with RF LNA and multi-bit ADC

	Noise figure
	15 dB with RF LNA




	[14] vivo
	Proposal 5    The relative power consumptions of LP-WUR for OFDMA-based signals/channels detection are given as :
•	LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 0.01unit
•	LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 20, 40units

	[16] CATT
	Proposal 2: The power model of the OFDM-based receiver needs to be addressed comparing to that of NR receiver before the OFDM-based receiver is captured in TR as an example.

	[17] Intel
	Observation
•	OFDM-based receiver ends up with high power consumption due to the high requirement time/frequency synchronization for complex samples processing. 
•	Subjected to a performance target, the break-down for LNA, LO/PLL, ADC for power consumption should be carefully studied for the feasibility of OFDM-based receiver.

	[18] InterDigital
	Observation 4  Performance impact from power reduction and degree of power reduction by utilizing lower performance components in the OFDMA receiver is not clear.
Proposal 4  Consider relative power consumption of the OFDMA receiver as 1 unless detailed power consumption and corresponding performance degradation are specified.

	[19] Nokia, NSB
	Observation  10:  	Table 4 illustrates how power consumption savings that could be made for a LP-WUS OFDM receiver compared an OFDM receiver used to detect SSB. The major savings come from the reduced bandwidth, the reduced sampling rate and the reduction in the FFT size.  

Observation 11:	By using an OFDM based WUS, no additional HW would be needed for the device. This will also be simple to benefit from the WUS in dedicated mode without any HW modifications.

Proposal 4:    	Further study the OFDM modulation approach for LP-WUS and LP-WUR.

	[20] ZTE, Sanechips
	Observation 9: If DL synchronization can be ensured and detection accuracy of sequence-based OFDM signal LR receiver is close to that of MR receiver, the detection performance of ZC-sequence-based OFDM signal in time domain (without FFT) or frequency domain (after FFT) is similar. 
Observation 10: If timing error exists for sequence-based OFDM signal receiving in time domain (without FFT), a sliding correlation detection in a time window should be used to mitigate the influence of the time error. 
· As the increase of time window, the power consumption of sliding correlation detection will increase obviously. 
Observation 11: For sequence-based OFDM signal receiving, a high-accuracy oscillator and PLL/FLL should be used to mitigate the impact of frequency error on detection performance.
Observation 12: Larger ADC bits is needed for sequence-based OFDM signal of LP-WUS.
Proposal 4: For OFDM sequence-based receiver, further clarifications for following aspects are needed 
· oscillator and PLL/FLL
· ADC
· FFT
· LNA
· BB processing including correlation or not, buffer size

	[21] Samsung
	Proposal 6: The tradeoff between the performance gain and the power consumption should be carefully evaluated for the OFDMA-based receiver architecture.

	[22] MediaTek
	Observation 2	It is feasible to search a PSS signal with a 200ppm frequency error and 3.84MHz sampling rate, although it requires increased complexity.
Proposal 3	For OFDMA-based LPWUR, RAN1 should consider lowering the performance requirements for oscillator/PLL from 10ppm to 50 or 200ppm to reduce the RF power consumption.
Proposal 4	RAN1 should consider the LPWUR architecture which supports periodic PSS and SSS detection with a duty cycle operation, as well as aperiodic OOK payload demodulation.

	[23] Apple
	Observation 2: For the receiver architecture for OFDM-based signals/channels, it should be possible to reduce the power by ~90% compared to the main radio. Further power reduction is being investigated.

	[26] Ericsson
	Observation 1	LP-WUR active power in range of 1-5 relative power units could be feasible for OFDM-based LP-WUR

Proposal 1	Architectures that support RRM measurements using existing OFDMA based signals without requiring introduction of additional new ‘always on’ broadcast signals and/or new RRM measurements framework should be considered for LP-WUR.



It is still quite controversial regarding whether it is feasible to significantly reduce the power consumption for the receiver for OFDMA-based signals. Based on the discussions from the contributions, power consumption reduction compared to the main radio can be potentially achieved from the following aspects [12][19][22][23][26]:
· Low power LNA
· Lower accuracy LO
· Lower power LO/PLL is possible with degraded phase noise compared to the main radio.
· Lower power LO can be used for sequence detection with acceptable performance degradation due to phase noise.
· Multiple frequency can be searched, which increases the baseband processing complexity and power consumption.
· Periodic SS can be used to keep the time/frequency error to be relatively small.
· A sliding window can be used to cover the timing error to a certain extent.
· This increases the baseband processing complexity and power consumption.
· Smaller sampling rate and/or smaller bit-width for ADC
· Baseband processing can be much simpler compared to the main radio.
· For sequence-based WUS, if sequence correlation is done in time domain, FFT can be removed.
· If FFT is used, the FFT size may be reduced.

Question 5-1: (OFDMA-based signal)
Companies please provide your views on the above aspects that can potentially reduce the power consumption of the receiver architecture for OFDMA-based signal.
	Company
	Comments

	MTK
	We have evaluated PSS detection via LPWUR, and the following observations are found
· Lower accuracy LO, e.g., 200ppm, is possible with the price of additional processing complexity for the initial synchronization. 
· Smaller sampling rate and bit-width for ADC, e.g., 4 bit and 3.84MHz, is possible 
· Sequence correlation can be done in the time domain, and FFT can be removed. 
· Sequence candidates for the sequence correlation can be generated by the MR, which reduces the additional processing complexity.

	vivo
	Regarding the RF frontend, we observe that the power consumption can be reduced by relaxing hardware requirements, i.e., using low end LNA by cost of higher noise figure, lower accuracy LO w/wo PLL by cost of higher frequency error, higher phase noise and I/Q mismatch. To cope with the lower accuracy from the RF frontend, additional BB processing is needed, i.e., to search much more hypothesis for sequence detection, this will also significantly increase power consumption of BB processing. Furthermore, the power consumption reduction level and the corresponding performance degrading level from the relaxed hardware is still not clear, i.e., the mapping rule between the power consumption reduction level and the performance degradation level.

Regarding the power consumption of the simplified BB processing part, it is not clear what ratio it takes among the total power consumption. Even for BB processing itself, it is not clear how the power consumption distributed in ADC, FFT, and other processing such as correlation operation. Therefore, it is difficult for us to estimate the power reduction for OFDM receivers from the simplified designs for the modules in RF frontend and BB part. 

The relative power consumptions of LP-WUR for OFDMA-based signals/channels provided in our contribution are mainly from the absolute power values provided by the optimized OFDM receiver in the literature survey and the relative power defined for RedCap UEs.  
•	LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 0.01unit
•	LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 20, 40units

	Intel
	It is still not clear on the breakdown for the reduction of power consumption of each component. There is no clear view on the total power consumption too. 

	Spreadtrum
	Share the similar view as MTK.

	ZTE, Sanechips
	It is not clear what is the meaning of Lower accuracy LO, smaller sampling rate, smaller bit-width for ADC, simpler baseband, and reduced FFT size.  A quantized example should be given.

	QC
	There could be two types of OFDM receiver architecture; time domain based and frequency domain based. The former consumes lower power than the latter. The freq/time sync requirement could be relaxed by appropriate design including e.g., SCS, CP overhead, etc.

	SONY
	We generally agree with the observations above.

	Samsung 
	From our perspective, the following aspect can be applied to reduce the power consumption of the receiver architecture for OFDMA-based signal, which can be shown as:
· Lower accuracy LO, which may introduce additional frequency errors in the LR;
· Smaller sampling rate and/or smaller bit-width for ADC, however, the waveform distortion and the spectrum aliasing should be avoided.
· Baseband processing can be much simpler compared to the main radio.
For the Periodic SS, we want to know if it refers to LP-SS? Although LP-SS can be used to keep the time/frequency error to be relatively small, it brings some additional power consumption in LR. But in the other hand, the LP-SS can further reduce the power consumption of RRM measurement in MR. Therefore, the power consumption of the whole receiver is reduced.

	Huawei, HiSilicon
	Regarding 
· Multiple frequency can be searched, which increases the baseband processing complexity and power consumption.
Why LP-WUR should search multiple frequencies, and do we need such capability for OOK and FSK receivers ? 

	Ericsson1
	Agree with the points in the list from FL. For last bullet, following can be added.
· Baseband processing can be much simpler compared to the main radio.
· For sequence-based WUS, if sequence correlation is done in time domain, FFT can be removed.
· If FFT is used, the FFT size may be reduced.
· Lower latency/processing time requirements compared to MR baseband


	CATT
	We are not convinced about the statement without any justification of the Low-power components used to achieve the same detection performance of OFDM signals as MR.  OFDM waveform is very sensitive to the frequency offset and Doppler.   The component with most power consumption in OFDM architecture is the FFT engine.   Even though the power consumption of other components could be reduced, the overall OFDM receiver would have very high  power consumption.

	MTK
	@CATT: The full 1024-point FFT engine may not be needed. Depending on the LPWUS BW and SCS, the small engine could be 144-point FFT. That saves some DBB processing.
@HW: OOK waveform is insensitive to CFO, thus searching multiple frequencies may not be needed. But FSK waveform would have impact because CFO causes error in the SNR estimation to perform envelope detection.
@SS: To our understanding, periodic SS can be OOK/OFDMA sequences. LPWUR can maintain T/F tracking to monitor given monitoring occasions to prevent almost continuous monitoring (e.g., once per slot) and blind detection (e.g., no timing/frequency information and LPWUR needs multiple hypothesis to detect LPWUS timing boundary)



[CLOSED] Question 5-2: 
A combination of OOK-based and OFDMA-based LPWUR was proposed in [22], which supports periodic PSS and SSS detection with a duty cycle operation, as well as aperiodic OOK payload demodulation. Companies please provide your views on this proposal.
	Company
	Comments

	MTK
	Assume LPWUR can reuse PSS and SSS to perform synchronization and RRM measurement. However, it is not possible to achieve power consumption of less than 1mW if the receiver is always on. Therefore, it is suggested that RAN1 should study how to perform synchronization and RRM measurement less often, for example, every 1 second. Additionally, it is recommended to monitor LPWUS continuously or at least once per OFDM slot to support RRC CONNECTED use cases.

	vivo
	From our understanding, it is not power efficient to perform OOK detection via OFDM receiver. 

	Nordic
	If 10ppm LO it is unclear what would be power consumption.  The case where 200ppm LO is shared, then MR assistance is needed. Also it seems search complexity increases.  If LP-SS is of low periodicity   OOK-based  LP-SS overhead (vs PSS) will significantly reduce. 127 long sequence with OOK-4 would fit into 3slots.  

	Intel
	The combined solution basically support both architecture of OOK and OFDM which may result in even larger complexity and power consumption. 

	Nokia, NSB
	A hybrid approach as suggested is not precluded.
What we feel should be emphasized and studied more, is the unique ability of the OFDMA based receiver to be used to offload RRM measurements from the MR, thereby further reducing the power used by the MR.

	Spreadtrum
	Share the similar view as MTK. “periodic PSS and SSS detection” in Question 5-2 should be “periodic PSS and SSS processing”, since there is no blind detection for periodic signal. The sliding window can be used to overcome the large time error.
On the other hand, OFDMA-based signal with phase information or I/Q two branches architecture should be used for synchronization especially for frequency error estimation. OOK-based signal without phase information of 1 branch architecture is not good for synchronization and even ineffective for frequency error estimation. It is common understanding that time error comes from frequency error, so it is better that periodic synchronization is frequency error correction. 

	ZTE, Sanechips
	The detailed diagrams can be present for discussion. We are open to discuss the combination architecture. However, the precondition would be the OFDM receiver has the power saving gain if the time/frequency error , and RRM measurement are taken into account.

	QC
	If OFDM receiver can periodically monitor LP-SS in duty cycled manner, then, why not use it to monitor LP-WUS as well in duty cycled manner. It is not clear why LP-WUS should be monitored in continuous manner while LP-SS is monitored in duty cycled manner to achieve synchronization. The motivation and benefit of such combination is not very clear.

	SONY
	It is reasonable to consider this proposal, given that this is a study item. It is important that the LP-WUR can work in a cellular system and reception of PSS and SSS would facilitate such cellular operation.

	LGE
	It seems that such combination type architecture will be quite complicated to handle different types of received signals. To us, it is unclear what the potential advantages can be obtained over the disadvantages caused by high complexity.

	Samsung
	We would like to further clarify the transmission procedure of periodic PSS and SSS. Since the OOK-based and OFDMA-based LPWUS are received by LR, are the periodic PSS and SSS transmitted in OFDMA-based method like legacy NR signals, or also transmitted with OOK modulation in time domain? If only OFDMA-based PSS and SSS are supported, why does the payload require extra OOK modulation? What are the benefits of this combination?

	Ericsson1
	We support further study of architectures that can detect/measure PSS/SSS periodically while monitoring/detecting OOK/FSK-based LP-WUS in a lower-power mode. 

	CATT
	We don’t see the need of the study without further detail being shown for any agreed LP-WUR architecture.

	Moderator
	Thanks everyone for the comments. This is the first time such an idea was proposed and discussed. This is good feedback for the proponent to consider further, and companies can also take time to think more about the proposal. For this meeting, the moderator suggests closing the discussion.




ACS requirements
It was discussed in the previous meeting whether existing ACS requirements should be assumed, and no agreement was reached.
RAN1 recently received the reply LS from RAN4, which says “ACS values from current UE specifications are used as a starting point for discussion to evaluate LP-WUR performance”. It would be reasonable for RAN1 to follow RAN4’s assumption and assume the existing ACS requirements before RAN4 provides any further update.

Proposal 6-1: (ACS)
RAN1 assumes existing ACS requirements [and in-band/out-of-band blocker requirements] specified in RAN4 for the UE receiver should be satisfied by LP WUR in the study, until RAN4 provides feedback suggesting otherwise.

	Company
	Comments

	MTK
	Okay

	vivo
	We understand that currently RAN4 is studying the requirements on the adjacent channel interference and/or adjacent subcarrier interference rejection for LP-WUR, where the definition may be different with ACS requirements as the throughput is not available for LP-WUS. 
Furthermore, whether such requirements can be satisfied or not depends on not only the filter characteristics of receiver, but also the guard gap placed on each side of LP-WUS, which can be jointly considered in RAN 4. 
Therefore, proposal 6-1 is not needed and the related issues can be handled by RAN 4. 

	Intel
	We are not sure what is the exact impact to RAN1 study by this proposal. Does it imply a sophisticated filtering at LR in LLS, or explicit modelling of adjacent channel interference in LLS, or increased power consumption of LR?

	Nokia, NSB
	Work ongoing in RAN4 on this question (see Monday offline comment below).
Probably best to wait to defer this agreement to RAN4.

Recommended WF 
· The following aspects can be starting point for further discussions
· Framework in RAN4 that the ACS and ASCS value can be evaluated based on the following aspects. 
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency
· Guard RB size within LP-WUS channel bandwidth
· RF impairment can also be considered
· Coverage as well as coexistence can also be considered.
· Averaged power antennation at ACS or ASCS frequency range
· FFS whether SINR of the wanted signal at detector input is needed.
· FFS whether use ICS to instead ASCS
· FFS on details of coexistence study (if needed) of LP-WUS


	ZTE, Sanechips
	Okay.

	QC
	RAN4 needs to define a new condition for ACS requirement of LP-WUS – not in terms throughput but in terms of miss detection rate, for example. Whether such requirement should or can be met or not is receiver design choice. RAN1 should further study whether current ACS requirement can be met with reasonable assumption on complexity/power/etc.

	LGE
	We are not sure this proposal needs to be agreed explicitly. It is not very clear which issue is directly related to RAN1 discussion when we agree on Proposal 6-1. We would appreciate it if proponent could explain a bit more about the derivative issue from RAN1 perspective.

	Samsung 
	Agree 

	Huawei, HiSilicon
	The existing ACS is concept between carriers. However, currently for the in-band deployment of LP-WUS, the interference typically comes from adjacent RBs/REs in the same cell instead of from adjacent carriers. Therefore, the concept of ACS cannot be reused directly to the LP-WUS design.
In our opinion, for in-band deployment, Adjacent Sub-Carrier Selectivity (ASCS) discussed in RAN4 is more suitable as the metric for blocker requirements.

In general, the point is that RAN1 should not use ACS values substituted into ASCS instead, and should keep ACS for use only between carriers.

We suggest to modify the proposal as follows:
Proposal 6-1: (ACS)
RAN1 assumes existing ACS requirements between carriers [and in-band/out-of-band blocker requirements] specified in RAN4 for the UE receiver should be satisfied by LP WUR in the study, until RAN4 provides feedback suggesting otherwise.


	CATT
	We are OK with the proposal.

	MTK
	Okay. It may be enough by removing the context in the brackets. [and in-band/out-of-band blocker requirements].



General
Based on the comments to the proposals in Section 4.3, the moderator thinks it is good to discuss and decide how to move forward.
[High Priority] Question 7-1: 
The main output expected from this AI is the relative power consumption and the corresponding noise figure for different receiver architectures. Please comment on what you consider as a good way to move forward towards making some conclusions.
· Option 1: Capture an overall range for the relative power consumption and the corresponding noise figure based on companies’ input
· Option 2: Company’s input on the relative power consumption and the corresponding noise figure is captured in the TR separately. Observations are drawn based on the input.
· Details include e.g. 
· Creating a template for companies to fill in the power, noise figure, and some important assumptions.
· Do we automatically capture the input from all companies in the TR, or we will still discuss what to be captured?
· …
· …

	Company
	Comments

	Nokia, NSB.
	For both options 1 and 2, we expect the numbers provided will be very difficult to fairly compare, especially given the limited time left, because:

(a) They are not based on common reference models,  eg quality of LO, presence of AGC, use of duty cycle, MR measurement offloading etc 
(b) They are not linked with other fundamental KPIs like sensitivity
(c) There are relatively few companies (so far), supplying meaningful numbers


For power consumption, given the issues we list above, we wonder if RAN1 should also consider an Option 3 for the power consumption, based on Qualcomm’s earlier suggestion (copied below), to simply capture qualitatively the relative power consumption, 

“Instead of capturing relative power numbers “[0.1-1]”, we could qualitatively describe its power consumption relative to other receiver architecture;
· The relative power consumption of the homodyne receiver architecture is typically larger than RF envelop detector, yet smaller than that of OFDM receiver.
“

For noise figures, at least from the values presented thus far for the OOK architectures, there seems to be some close alignment already, so maybe option 1 would suffice for Noise Figures.

If option 3 is too radical, we’d lean towards option 2, where companies at minimum clearly state their architecture assumptions.

	MTK
	Option 2. Observations are drawn based on the input from all companies.

	Huawei, HiSilicon
	We slightly prefer option 2. Where the template for companies to fill in the power, noise figure, and some important assumptions. Is taken from previous agreement that we have on what to report for each receiver under study (agreement in the figure below). 
Regarding this question “Do we automatically capture the input from all companies in the TR, or we will still discuss what to be captured?” we think also the agreement below answer it as well. 




	vivo
	From our understanding, a combination of option 1 and 2 is better to reflect the study outcome under this AI, i.e., companies can report the power, noise figure, and some important assumptions according to the template as indicated in option 2, and based on companies’ input, deriving an overall range for the relative power consumption and the corresponding noise figure summarized into observations are necessary as groups’ study outcome as indicated in option 1. 

	InterDigital
	In our understanding, vivo’s suggestion is the option 1 from the FL and we are also fine with the option 1. There’s no need to explicitly capture companies inputs in the TR. 

	Moderator
	In this meeting, I took Option 1 when formulating the proposals, because there was very limited input from companies.

Only having qualitative analysis may not an option (or at least not a good option), because this AI is supposed to provide the relative power consumption for power saving evaluation in 9.11.1. If we do not have any quantitative numbers, we fail our task here in some sense.

Regardless of whether we go with Option 1 or Option 2, the first step is still to collect input from companies. I will create a template for it.
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Appendix A: Agreements from previous meetings
RAN1#110bis-e
Conclusion
RAN1 does not intend to mandate the implementation of any specific type(s) of LP WUR architecture at the UE.
· Note: this does not prevent RAN4 from defining requirements for LP WUR in the normative phase.

Agreement
Study at least the following three types of receiver architectures for LP-WUR:
· Architecture with RF envelope detection 
· Heterodyne architecture with IF envelope detection
· Homodyne/zero-IF architecture with baseband envelope detection
· Note: The details of each type of receiver architecture are discussed separately.
· Note: Above receiver architectures are considered suitable for OOK modulation. Some of the architectures 
can be applicable for other modulations such as FSK.

Agreement
Study the architecture with RF envelope detection based on at least the following diagram for LP-WUR.
· The RF signal is converted into baseband signal directly via an RF envelope detector.
· There is no Local Oscillator (LO) and no Phase-Locked Loop (PLL).
· 1-bit or multi-bit ADC is applied.
· Some component(s), e.g., RF LNA and/or BB AMP, can be optionally applied.
· High-Q matching network and/or RF BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· FFS the support of band and/or carrier tuning
[image: Diagram

Description automatically generated]

Agreement
Study the heterodyne architecture with IF envelope detection based on at least the following diagram for LP-WUR.
· The RF signal is down converted into IF signal via an RF mixer with a LO. The IF signal is converted into baseband signal via an IF envelope detection.
· There may be one or multiple IF stages depending on design.
· The choice of the LO is one of the major factors that determines the power consumption.
· Lower power consumption can be achieved by relaxing the accuracy and stability requirements of the LO. However, such increased frequency offset and phase noise should be taken into account in the design and evaluation.
· FLL (frequency locked loop) may replace PLL for non-coherent detection.
· 1-bit or multi-bit ADC is applied.
· High-Q matching network and/or RF BPF and/or IF BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· Some component(s), e.g., RF LNA and/or IF AMP and/or BB AMP, can be optionally applied.
· Image rejection filter or an image rejection mixer is required.
· FFS the support of band and/or carrier tuning
· FFS the choice of IF frequency range
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Agreement
Study the homodyne/zero-IF architecture with baseband envelope detection based on at least the following diagram for LP-WUR.
· The RF signal is directly down converted into baseband signal via an RF mixer with a LO. 
· Baseband envelope detection can be done either in analog domain or in digital domain depending on design, which is not explicitly shown in the diagram.
· The choice of the LO is one of the major factors that determines the power consumption.
· Lower power consumption can be achieved by relaxing the accuracy and stability requirements of the LO. However, such increased frequency offset and phase noise should be taken into account in the design and evaluation.
· FLL (frequency locked loop) may replace PLL for non-coherent detection.
· 1-bit or multi-bit ADC is applied.
· High-Q matching network and/or RF BPF and/or BB BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· No image rejection filter is required.
· Some component(s), e.g., RF LNA and/or BB AMP, can be optionally applied.
· FFS the support of band and/or carrier tuning
[image: A picture containing text, clock, device
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Agreement
Further study the receiver architectures for FSK, with two examples shown below:
· Example 1: parallel OOK receivers and a comparator circuit, e.g.,
· [image: A picture containing text, clock, screenshot

Description automatically generated]
· Each path can be implemented using either of [the architecture with RF envelope detection,] heterodyne architecture with IF envelope detection, or homodyne/zero-IF architecture with baseband envelope detection.
· Example 2: using an FM-to-AM detector [or an FM detector]
· Alt 1: Use an analog FM-to-AM detector with a similar architecture as for OOK (e.g. heterodyne or zero-IF architecture), except that the envelope detector is replaced by a FM-to-AM detector.
· Analog FM-to-AM detector can be implemented at least in BB or low-IF.
[image: ]
· Alt 2: Use a FM-to-AM detector [or an FM detector] implemented in digital domain after ADC, with a heterodyne or zero-IF architecture.
· Digital FM-to-AM detector implementation can be considered as part of digital baseband processing.
· Here is an example of using zero-IF architecture: [image: A picture containing text, clock
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· The FM-AM detector can be implemented using a frequency discriminator, which converts frequency variations into amplitude changes. It can be implemented in either analog domain (as in Alt 1) or digital domain (as in Alt 2).
· One example, as shown in the figure below, is a conventional quadrature FM discriminator. It multiplies received frequency modulated signal with a phase shifted version, followed by a low pass filter. The amplitude of the output signal is proportional to the frequency of the input signal.
· [image: Diagram

Description automatically generated]
· Note: Other architectures are not precluded.


Agreement
For the analysis of a receiver architecture, companies are encouraged to provide at least the following (when applicable):
· Details of the receiver 
· Receiver architecture type
· Assumed modulation/waveform/coding
· Presence of a RF LNA / IF AMP / BB AMP, and the corresponding gain, if any
· Local oscillator
· Type of oscillator and the corresponding frequency accuracy/drifting
· Handling of time/frequency impairments
· Presence of PLL or FLL
· ADC: sampling rate, bit-width
· Assumed signal bandwidth and guard band, and frequency location within a carrier (including whether it is fixed or can be flexible)
· RF/IF/BB filter characteristics (e.g. type of filter, order, cut-off frequency/frequencies), if any
· Baseband processing (e.g., sequence correlation detection / decoding, other signal processing, if any)
· Assumed frequency band(s) and the support of band and/or carrier tuning
· Duty cycle handling of WUS and other signals (if any)
· Interference rejection capability (including both adjacent-channel interference and interference from adjacent subcarriers occupied by legacy NR signals or other LP WUS)
· Handling of inter-cell interference
· Whether there is any mobility support function, e.g. measurement capability
· Performance metrics
· Power consumption during active monitoring/reception and during off state (and breakdown if possible)
· Noise figure
· Sensitivity/coverage
· Data rate
· FFS: other performance metrics for, e.g., cost/complexity, interference rejection capability and inter-cell interference handling
· Note: The performance and design of receiver architecture is expected to be dependent on WUS design. This list can be updated later when the discussion on WUS signal/procedure design (AI 9.13.3) starts.

RAN1#111
Agreement
Include the following in the LS to RAN4:
RAN1 kindly asks RAN4 to take RAN1 agreements into account, study at least the LP WUR architectures that RAN1 identifies and provide feedback, potentially considering the aspects including but not limited to:
· The reasonable assumption on adjacent channel selectivity (ACS) assumption for the study and the impact on the LP WUR architectures and signal design
· The impact of adjacent subcarrier interference suppression/rejection on the LP WUR architectures if LP WUS is multiplexed with other signals/channels in frequency, including e.g. 
· The necessity of guard band (if needed, the minimum guard band) between LP WUS subcarriers and adjacent subcarriers
· Whether it is feasible to have LP WUS location flexible within the carrier
· The feasible noise figure(s) for each type of LP WUR architectures
· Impact, if any, LP-WUS transmission on existing gNB emissions/compliance requirements
· The potential RF impairments to be considered include e.g. timing error, frequency error, image impact, LO leakage (DC offset) and flicker (1/f) noise
· Whether certain LP WUR architectures can support multi-band capability
· Note: RAN1 may or may not identify further architecture(s) for the study.
Include all agreements on 9.13.2. Mention that other agreements have been made in other AIs. Final LS is in R1-2212999.
Draft LS in 2953

Agreement
The following observation to be captured in TR38.869:
For the architecture with RF envelope detection,
· It can achieve relatively low power consumption due to the removal of LO/PLL.
· Interference suppression for adjacent channel interference requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
· Interference suppression for interference from legacy NR signals and/or other LP WUS on adjacent subcarriers, if performed in RF, requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
· The support of multiple bands and/or carriers may require multiple high-Q matching networks and/or RF BPFs or multiple off-chip components.
· RF LNA can be applied to improve sensitivity, with the cost of additional power consumption.
· The noise figure can be relatively high.

Agreement
The following observation to be captured in TR38.869:
For homodyne/zero-IF architecture with baseband envelope detection,
· For the support of band and/or carrier tuning, the band and/or carrier tuning can be achieved via tuning the LO frequency.
· The matching network and RF BPF for LP WUR may or may not reuse those of the main radio.
· It is more effective and less complex to use BB BPF/LPF instead of high-Q matching network and/or RF BPF to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· Using FLL instead of PLL consumes less power, but it may result in larger frequency error.
· It can suffer from LO leakage (DC offset) and flicker (1/f) noise. The impact may be alleviated by using BB BPF in some cases.
· RF LNA can be applied to improve sensitivity, with the cost of additional power consumption.
· The baseband envelope detection can be done in either analog domain (before ADC) or digital domain (after ADC).

Agreement
The following observation to be captured in TR38.869:
For heterodyne architecture with IF envelope detection,
· For the support of band and/or carrier tuning, the band and/or carrier tuning can be achieved via tuning the LO frequency.
· The matching network and RF BPF for LP WUR may or may not reuse those of the main radio.
· It is more effective and less complex to use IF BPF instead of high-Q matching network and/or RF BPF to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· Using FLL instead of PLL consumes less power, but it may result in larger frequency error. 
· The IF frequency can be properly selected to avoid LO leakage (DC offset) and flicker (1/f) noise.
· Image rejection can be done via either image rejection filter or image rejection mixer.
· Image rejection filter can be done in either RF or IF, which may require high-Q filter.
· Image rejection mixer requires two-branch (I/Q) mixing with good matching in gain and phase, which consumes additional power.
· RF LNA and/or IF AMP can be applied to improve sensitivity, with the cost of additional power consumption.

RAN1#112
Agreement
Study the parallel receiver architectures (as examples that can be captured in the TR) for FSK based on the following diagrams:
· Parallel homodyne architecture receiver
[image: C:\Users\z00526220\AppData\Roaming\eSpace_Desktop\UserData\z00526220\imagefiles\FB35D129-2AE3-49DF-8504-BE521D4B21A1.png]
· The observations made for homodyne/zero-IF architecture with baseband envelope detection in RAN1#110b/111 are also applicable here.
· Parallel heterodyne architecture receiver
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· The observations made for heterodyne architecture with IF envelope detection in RAN1#110b/111 are also applicable here.
· Note: Other architectures are not precluded.
· The OOK receiver architectures agreed for study in RAN1#110bis-e are also examples that can be captured in the TR

Agreement
Study the receiver architectures (as examples that can be captured in the TR) for FSK with frequency to amplitude conversion based on the following diagrams:
· Homodyne architecture receiver with frequency to amplitude conversion
· I/Q branches are required for frequency to amplitude conversion in digital BB.
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· Heterodyne architecture receiver with frequency to amplitude conversion
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· Companies provide the exact type FFS what type(s) of frequency to amplitude conversion being is studied.
· Note: Other architectures are not precluded.


Agreement
For OFDMA-based signals/channels, study the receiver architectures based on the following diagrams:
· I/Q branches are required for digital BB processing.
· Digital BB processing may or may not include FFT (companies to provide details on how).
· For sequence-based OFDM signals/channels, digital BB processing includes sequence correlation in either time domain (without FFT) or frequency domain (after FFT).
· Proponent companies should at least provide details on power consumption reduction compared to the MR regarding the RF and digital BB processing.
· Companies are encouraged to provide the break-down for the components.
· The potential power reduction compared to the main radio may come from e.g.:
· Lower performance LNA/amplifier
· Oscillator/PLL with relaxed performance requirements
· ADC with lower sampling rate and smaller bit-width
· Reduced BB processing complexity compared to the MR
· Companies are encouraged to provide the performance analysis corresponding to the considered power consumption considering the impact of e.g. phase noise, I/Q mismatch.
· Companies to report whether the LP WUR is assumed to share components with MR. In case of component sharing, the potential impact on the MR ultra-deep sleep state should be considered.
· Companies to report the possible number of information bits
· In addition, companies should consider the power consumption in the OFF state and the transition energy.
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Agreement
For the study on LP WUR architecture, power consumption relative to the deep sleep state of the MR is provided.
· Deep sleep state of non-RedCap UE should be assumed

Appendix B: Proposals from contributions
[12]	R1-2302340		Discussion on architecture of LP-WUS receiver	Huawei, HiSilicon
	Observations:  
Observation 1. OOK-1 and OOK-4 can utilize the receiver architectures for OOK agreed in RAN1#110bis‑e.
Observation 2. OOK-2 can be received by receiver architectures with parallel envelope detection, which is similar as FSK receiver agreed in RAN1#112. 
Observation 3. The relative power consumption for each additional branch for analogue/digital envelope detection will be round 0.01 and 0.02 respectively for OOK receiver with parallel envelope detection. 
Observation 4. Receiver for FSK with parallel envelope detectors enables frequency error correction, when assisted by a suitable reference signal.
Observation 5. The zero-IF architectures can be extended to support sequence based LP-WUS with time domain correlation detector implemented in digital baseband processing.
Observation 6. Initial calibration via the high accuracy clock of MR and periodical synchronization signal can be utilized for LP-WUR.
Observation 7. Low power oscillator can be adopted in receiver for sequence based waveform with performance loss less than 1dB from ideal due to phase noise.
Observation 8. Zero-IF architecture with digital baseband correlator for sequence-based waveform  can provide a relative power consumption of 0.15~0.2 with noise figure of 15dB.
Observation 9. ACS is not proper to be directly used to LP-WUS, since it relates to the interference rejection between carriers, while LP-WUS is usually deployed in-band.

Proposals:
Proposal 2: Capture the following in TR 38.869: 
The expected relative power consumption value of each receiver architecture with single branch of envelope detection with proper trade-off between components power consumption and performance can be:
· 0.05 for receiver architecture with RF envelope detection with noise figure of 20 dB
· 0.1 for receiver heterodyne architecture with IF envelope detection with noise figure of 15 dB
· 0.09 for zero-IF architecture with baseband envelope detection with noise figure of 15 dB

Proposal 3: Capture the following relative power consumption value in TR 38.869:
· Receiver for FSK with parallel envelope detector enables frequency error correction, when assisted by a suitable reference signal.
· The expected relative power consumption value of each receiver architecture with proper trade-off between components power consumption and performance can be as follow:
· A 2-branch parallel receiver architecture consumes similar power as a 2-branch parallel receiver for OOK signal with the same noise figure.
· Each additional branch for analogue/digital envelope detection will be round 0.01 and 0.02 respectively.

Proposal 4: The zero-IF architecture with baseband FM-to-AM detection is characterized in TR 38.869 as follows:
· I/Q frequency mixer is required for FM-to-AM detector.
· FM-to-AM detector enables frequency offset estimation and correction.
· The relative power consumption is about 0.12 if FM-to-AM detector is used with noise figure of 15 dB.

Proposal 5: The heterodyne architecture with IF FM-to-AM detection is characterized in TR 38.869 as follows:
· FM-to-AM detector enables frequency offset estimation and correction.
· The relative power consumption is about 0.1 with noise figure of 15 dB.

Proposal 6: Zero-IF architecture for OFDMA based signal without FFT in baseband processing is captured in TR 38.869 as follows: 
	Aspects
	Details of receiver

	Receiver architecture type
	Zero-IF architecture for OFDMA based signal without FFT in baseband processing

	The support of band and/or carrier tuning
	Reusing matching network and RF bandpass filter of main radio

	Presence of a RF LNA
	With LNA to provide sensitivity improvement with power consumption of 75 μW

	Local oscillator
	Low accuracy oscillator
· Ring oscillator without RTC: max CFO 200 ppm, power consumption 120 μW
· Ring oscillator with RTC: max CFO 50 ppm, power consumption 170 μW

	Presence of PLL or FLL
	PLL is applied

	ADC
	Bit-width: M-bit (power consumption 13.8 μW)
Sampling rate: depending on LP-WUS bandwidth

	Interference rejection capability
	I/Q mixer is required.
In-band adjacent-channel interference: Based on BB LPF

	Assumed signal bandwidth and guard band
	Can support narrowband LP-WUS, e.g. 1.4~4MHz
Guard band should cover the CFO of LO on both sides.

	RF/IF/BB filter characteristics
	RF: Reusing RF BPF of main radio

	Baseband processing
	Sequence correlation 
Sequence based periodical time-frequency synchronization

	Assumed frequency band(s)
	Support at least all FR1 frequency bands

	Power consumption
	0.15~0.2 with RF LNA and multi-bit ADC

	Noise figure
	15 dB with RF LNA



Proposal 7: Study the requirement of interference rejection capability for adjacent sub-carriers, considering the size of guard band and the filter implementation.




[13]	R1-2302391	Discussion on low power wake up receiver architectures	Panasonic
	Proposal 1: For the receiver architectures agreed for further study, it is proposed to support proper AGC training, t/f synchronization and RRM measurement for at least serving cell, with more considerations of the detailed components.
Observation 1: Better band and/or carrier tuning and time/frequency tracking performance may benefit the LP-WUR power saving with less searching time.
Proposal 2: To facilitate power saving, the LP-WUS design should consider the tradeoff of system flexibility and requirement on the LP-WUR operation of time/frequency tracking.
Proposal 3: The candidate of LP-WUS frequency location should be designed to be reduced for complexity reduction.
Observation 2: The potential guard band between LP-WUS subcarriers and adjacent subcarriers should consider both candidate LP-WUR architectures and LP-WUS sensitivity performance requirement.
Observation 3: LP-WUR with better sensibility may reduce the active time for LP-WUS reception and requires less system overhead.
Proposal 4: Baseband should only support basic processing, e.g. MC-OOK/FSK demodulation and sequence correlation. For more complicated channel estimation based coherent detection and channel decoding, more justification is needed in the discussion of LP-WUS design.
Proposal 5: For the design of LP-WUS, only heterodyne and homodyne/zero-IF architecture should be taken into account for power model and requirement study, although the UE with RF envelope detector architecture is not prevented in implementation.



[14]	R1-2302507	Discussion on low power wake-up receiver architecture	vivo
	Observation 1  Design on low-power WUR architecture is a trade-off of power consumption, sensitivity and data rate.
 Observation 2 Achievable sensitivity of low-power WUR should be investigated along with the supported data rate.
Observation 3  Due to demanding a band specific high-Q RF BPF, the receiver architecture with amplitude detection at RF is more suitable for devices supporting single band.
Observation 4  The reported sensitivity for receiver architecture with amplitude detection at RF in the literatures[5][6][7]is -56.5dBm~-86dBm with data rate serval kbps to hundred kbps under power consumption less than 1 uw to 10s of uw.
Observation 5  For heterodyne architecture with IF envelope detection, the power consumption can be reduced by replacing  a high accuracy LO with a medium accuracy LO, and the frequency offset caused by the frequency error of the LO can be further studied.
Observation 6  The reported sensitivity for heterodyne architecture with IF envelope detection in the literatures[8][9] is -83dBm~-97dBm with data rate tens of kbps to several Mbps under power consumption hundreds of uw.
Observation 7    For homodyne/zero-IF architecture with BB envelope detection,  low-power solution on flicker noise and DC offset issue should be studied. 
Observation 8 The reported sensitivity for homodyne/zero-IF architecture with baseband envelope detection in the literature[10][11] is -91.5dBm to  −92.6dBm with data rate tens of kbps to hundreds of kbps under power consumption hundreds of uw.
Observation 9 For FSK receiver based on parallel OOK receivers with a heterodyne or zero-IF architecture, the frequency gap between two adjacent frequencies or two adjacent frequency sets should be not smaller than two times of the max frequency offsets. 
Observation 10 For FSK receiver based on parallel OOK receivers with a heterodyne or zero-IF architecture, at least two times of the max frequency offsets within the frequency gap shall not be used by other DL signals/channels or other WUS signals.
Observation 11 For FSK receiver based on parallel OOK receivers, interference rejection performance highly depends on  whether the interferences across 2M frequencies or frequency sets are coherent or not.
Observation 12  A high precise phase shifting network is necessary to discriminate frequency deviation.
Observation 13 The DC offset in analog quadrature FM discriminator deteriorates the detection performance.
 Observation 14  A sensitivity level of around -70dBm with data rate several kbps under power consumption several milli watts is achieved by analog quadrature FM discriminator. 
Observation 15  For FSK receiver based on frequency to amplitude conversion, it does not work for multi-subcarrier FSK detection.
Observation 16  For FSK receiver, it is difficult to utilize soft information in correlation-based sequence detection for FSK carrying M bits.
Observation 17  The reported values of OFDM receiver with low power consumption mainly fall into level of  tens of milliwatts.
Proposal 1: The main radio and low-power WUR exchange information between each other, such as 
· Low-power WUR gets initial configurations from the main radio (received from gNB configuration)
· Low-power WUR can indicate ‘wake-up’ to the main radio
· Low-power WUR can pass additional decoded messages to the main radio, these messages are processed and parsed in the main radio but agnostics to the low-power WUR
Proposal 2:  Study the metric for representing the sensitivity at certain data rate for low-power WUR, e.g., the sensitivity normalized to data rate.
Proposal 3:  The relative power consumtion of LP-WUR ‘on’ state for OOK detection are 0.01x~0.1x unit for RF envelope detection,  0.1x~1x unit for heterodyne architecture with IF envelope detection, and 0.1x~1x unit for homodyne/zero-IF architecture with BB envelope detection.
Proposal 4:  The relative power consumtion of LP-WUR ‘on’ state for FSK detection are 0.01x~1x unit for parallel RF/IF/BB envelop detection based receiver and 1x unit for frequency to amplitude conversion based receiver.
Proposal 5    The relative power consumptions of LP-WUR for OFDMA-based signals/channels detection are given as :
· LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 0.01unit
· LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 20, 40units
 Proposal 6    Study multi-bit ADC, i.e., resolution and sampling rate by considering both power consumption budget and detection performance.



[15]	R1-2302571	Discussion on low power WUS receiver	OPPO
	Observation 1: SID of LP-WUS includes the target use cases of IoT and wearables. Other use cases are not precluded.
Observation 2: Power consumption, coverage and SNR targets are under discussion in LP-WUS evaluation agenda item. 
Observation 3: The evaluation of required guard band size is needed for the coexistence with legacy channels and signals.
Observation 4: Same SCS used of LP-WUS as SCS used for other NR transmissions is assumed. Different SCS for LP-WUS is FFS. 
Proposal 1: To further evaluate the RF aspects of LP-WUR architecture, IoT/wearables/smartphone UE types are all considered for LP-WUR design.
Proposal 2: Both common and separate band for LP-WUS are considered for the evaluation of RF aspects of LP-WUR architecture.
Proposal 3: For the evaluation of RF aspects of LP-WUR architecture, FR1 is considered as first priority frequency range.
Proposal 4: In-band power boosting of LP-WUS should be evaluated for the evaluation of RF aspects of LP-WUR architecture.



[16]	R1-2302688	Low-Power WUS receiver Architectures and its performance	CATT
	Observation 1: For adjacent channel leakage, MC-ASK with CP-OFDM waveform is more sensitive to the PAPR comparing to that of FSK with CP-OFDM waveform and OFDM-based signal waveform.
Observation 2: For adjacent channel injection, OFDM-based signal waveform has better adjacent channel injection performance than that of MC-ASK/MC-FSK with CP-OFDM waveform but with extreme high receiver complexity and higher power consumption when FFT process is required at the LP-WUR.
Observation 3: For co-existence with NR channels/signals, all of the waveforms to each receiver architecture have good co-existence performance with NR channels/signals.
Observation 4: ASK modulation brings lower detection complexity and power consumption than FSK modulation and OFDM.
Observation 5: OOK and FSK modulations can bring same data rate performance with same assumption on the number of bits (M≥1) carried within one OFDM symbol, SCS and encoding. 
Observation 6: The design of LP WUS would affect the signal detection.
Proposal 1: The waveform and modulation schemes should be selected with the target in minimizing power consumption of the low-power wakeup receiver.
Proposal 2: The power model of the OFDM-based receiver needs to be addressed comparing to that of NR receiver before the OFDM-based receiver is captured in TR as an example.



[17]	R1-2302816	Discussion on LP-WUS receiver architecture	Intel Corporation
	Observation
· OFDM-based receiver ends up with high power consumption due to the high requirement time/frequency synchronization for complex samples processing. 
· Subjected to a performance target, the break-down for LNA, LO/PLL, ADC for power consumption should be carefully studied for the feasibility of OFDM-based receiver.
Proposal 1: 
· The target power consumption of LP-WUS is selected in range 100uW – 1mW
Proposal 2: 
· A proper data rate for PUSCH for the bottleneck channel determination should be discussed
· The coverage of LP-WUS should be better than NR PUSCH



[18]	R1-2302828	Discussion on LP-WUS receiver architectures	InterDigital, Inc.
	Observation 1  The RF envelope detection receiver architecture is suitable for single-band applications where battery life is critical (sub-μW power consumption) and, yet limited sensitivity and selectivity are acceptable. Current sub-μW receiver sensitivity levels are at -80dBm or above.
Observation 2  Using a low-power ring oscillator for the heterodyne receiver can significantly reduce the LO stage power consumption at the cost of an increase in frequency error/offset. Typical power consumption reported for this architecture ranges from 100’s of μW to a few mW.
Observation 3  The zero-IF architecture has a lower component count than the heterodyne but is susceptible to DC-offset and flicker noise. Low-cost and power efficient solutions should be considered. Typical power consumption reported for this architecture are similar to the heterodyne above.
Observation 4  Performance impact from power reduction and degree of power reduction by utilizing lower performance components in the OFDMA receiver is not clear.

Proposal 1  Consider relative power consumption of the RF envelope as 0.002.
Proposal 2  Consider relative power consumption of the Heterodyne with IF envelope detection receiver as 0.2.
Proposal 3  Consider relative power consumption of the Heterodyne with IF envelope detection receiver as 0.2.
Proposal 4  Consider relative power consumption of the OFDMA receiver as 1 unless detailed power consumption and corresponding performance degradation are specified.



[19]	R1-2302891	Low Power WUS receiver architectures	Nokia, Nokia Shanghai Bell
	Observation 1:   	Tuneable filters capable of providing a RF envelope detector architecture with the flexibility to support multiband bands along with sufficient adjacent subcarrier suppression for fading in low SNR conditions, are not readily available. 
Observation 2:	The RF Envelope detector receiver architecture does not require a reference oscillator or PLL/FLL if the baseband processing section is not considered as a part of the LP-WUR architecture. If a baseband processing/state machine is considered as part of the architecture, then there is a need for a reference clock to ensure reliable processing and sampling of the ADC.

Observation 3:       	For the Zero-IF receiver and the Heterodyne receiver architecture with IF Envelope detection, the uncertainty of the reference oscillator will affect the ability of the receiver to maintain the ideal centre frequency. Any offset from the ideal centre frequency offset will degrade the LP-WUR performance, due to NR data being included in the receiver pass band. 

Observation 4:	The size of the guard bands needed are linked to how effectively the receiver architecture can minimise frequency drift.    

Observation 5:        A frequency control loop can be added to the Zero-IF receiver and the Heterodyne receiver architectures to improve their ability to reduce the maximum amount of frequency drift expected.

Observation 6:  	The RF Envelope detector receiver architecture filter with multi-carrier capability, is dependent on the support of a tuneable filter. The accuracy of the tuneable filter required to support reasonable guard bands will require unrealistically high component tolerances for most applications.

Observation 7:     	To keep same total bandwidth, the guard-band bandwidth is decreased relative to the comparable MC-OOK modulation approach. 

Observation 8:	The 1.44 MHz modulation bandwidth for MC-FSK within a 5 MHz bandwidth, enables wider guardbands to be applied, thereby simplifying the complexity of the filters required.

Observation 9:	The estimated power consumption for the MC-FSK parallel receiver architectures is expected to be approximately 30% higher than the comparable MC-OOK receivers.
Observation 10:  	Table 4 illustrates how power consumption savings that could be made for a LP-WUS OFDM receiver compared an OFDM receiver used to detect SSB. The major savings come from the reduced bandwidth, the reduced sampling rate and the reduction in the FFT size.  

Observation 11:	By using an OFDM based WUS, no additional HW would be needed for the device. This will also be simple to benefit from the WUS in dedicated mode without any HW modifications.

Observation 12:  	For accurate wakeup time for a LP-WUR, the reference time needs to be continuously adjusted/corrected

Observation 13:	In Table 5 by applying an ADC with a bit depth of 4-8 bits, it will be possible to accommodate fading and gain control.

Proposal 1:	To ensure fair comparison of power consumption between the various receiver architectures under consideration, a standard model for the baseband section should be applied in the current consumption budget, that defines what functional blocks are to be assumed (e.g. AGC, time/frequency control)
Proposal 2:	A maximum level of frequency drift that an architecture can tolerate, is defined and accounted for in the dimensioning of the signal and associated guard bands.

Proposal 3:	Study of the RF Envelope detector receiver architecture is deprioritised.

Proposal 4:    	Further study the OFDM modulation approach for LP-WUS and LP-WUR.

Proposal 5: 	Introduce a time control loop in the evaluation of the LP-WUR. The introduction of a sync sequence as a part of the WUS and/or Beacon should be considered.

Proposal 6: 	Study further the AGC as a part of the receiver architecture for the LP-WUR to support mobility and fading.



[20]	R1-2302949	LP-WUS receiver architectures	ZTE, Sanechips
	Observation 1: For Ring Oscillator with maximum frequency error of 200ppm@2.6GHz, if single-SC FSK with SCS=30KHz is used for LP-WUS transmission, about 35 times of BW required for the single-SC FSK should be allocated for guardband to mitigate the influence of up to 520KHz frequency offset. It will cause extremely low frequency efficiency.
Observation 2: For Multiple-SCs FSK transmission with parallel receiver architecture, the reception performance of 2-bits FSK is obviously worse than that of 1-bit FSK.
Observation 3: Frequency to amplitude conversion receiver architecture could be applicable for single-SC FSK.
Observation 4: For frequency to amplitude conversion receiver architecture, the conversion design must ensure obvious amplitude difference between multiple frequency ranges, where each frequency range is composed with potential frequency locations of FSK received signal caused by frequency drift of LO. In this way, the design of the conversion is much more complicated.
Observation 5: For single-SC FSK transmission and frequency to amplitude conversion receiver architecture, it will cause extremely low frequency efficiency.
Observation 6: Regarding quadrature frequency discriminator, in order to get a good performance of FM to AM conversion, value of phase shift,, should be carefully selected to make sure  and .
Observation 7: For FSK receiver using quadrature frequency discriminator, the reception performance will be degraded if lower power consumption oscillator, e.g., ring oscillator, is used as LO since the large frequency drift of the LO leads to a non-linear transfer from FM to AM by quadrature frequency discriminator.
Observation 8: For FSK receiver using quadrature frequency discriminator, bandwidth between frequency carriers used for FSK transmission may not be used for other LP-WUSs or legacy NR transmission.
Observation 9: If DL synchronization can be ensured and detection accuracy of sequence-based OFDM signal LR receiver is close to that of MR receiver, the detection performance of ZC-sequence-based OFDM signal in time domain (without FFT) or frequency domain (after FFT) is similar. 
Observation 10: If timing error exists for sequence-based OFDM signal receiving in time domain (without FFT), a sliding correlation detection in a time window should be used to mitigate the influence of the time error. 
· As the increase of time window, the power consumption of sliding correlation detection will increase obviously. 
Observation 11: For sequence-based OFDM signal receiving, a high-accuracy oscillator and PLL/FLL should be used to mitigate the impact of frequency error on detection performance.
Observation 12: Larger ADC bits is needed for sequence-based OFDM signal of LP-WUS.

Proposal 1: Single-SC FSK signal is not pursued for parallel receiver architecture.
Proposal 2: For Multiple-SCs FSK transmission with parallel receiver architecture, 1-bit FSK is prioritized.
Proposal 3: For FSK receiver using quadrature frequency discriminator, the following issues can be further clarified
· How to get a preferred shifted phase value;
· Bandwidth requirement of FSK;
Proposal 4: For OFDM sequence-based receiver, further clarifications for following aspects are needed 
· oscillator and PLL/FLL
· ADC
· FFT
· LNA
· BB processing including correlation or not, buffer size



[21]	R1-2303151	Receiver architecture for LP-WUS	Samsung
	Proposal 1: The coverage of LP-WUS should be consistent with the legacy signal of the main receiver. 
Proposal 2: The power consumption of the separate WUR should be reduced dramatically compared with main radio.
Proposal 3: Study synchronization and interference issue in LP-WUS reception.
Proposal 4: Study the impact of the tradeoff between sensitivity, data rate and power consumption in the process of WUR designing.
Proposal 5: Considering the uncertain performance gain with more power consumption, the receiver architecture with FSK modulation can be deprioritized.
Proposal 6: The tradeoff between the performance gain and the power consumption should be carefully evaluated for the OFDMA-based receiver architecture.
Proposal 7: Considering the feasibility and the performance requirements of WUR architecture, the receiver architecture with RF envelope detection can be deprioritized.
Proposal 8: Considering the interference resiliency and sensitivity of LP-WUS, the heterodyne architecture with IF envelope detection architecture and the homodyne/zero-IF architecture with baseband envelope should be evaluated based on a tradeoff between power consumption and the performance.
Proposal 9:  Study the possibility to reuse RF Section of the main radio for the heterodyne architecture with IF envelope detection architecture and the homodyne/zero-IF architecture with baseband envelope.
Proposal 10: Continuous monitoring may not work due to the interference between MR and LP-WUR.  
Proposal 11: Further study the relative power consumption and the noise figure of the LP-WUS based on the value defined for evaluation according to different types of receiver architecture, e.g., the relative power consumption for the architecture with RF envelope detection can be [0.01/0.05/0.1], the relative power consumption for the homodyne/zero-IF architecture with baseband envelope can be [0.5/1], and the relative power consumption for the heterodyne architecture with IF envelope detection architecture can be [1/2/4].
Proposal 12: Further study the noise figure of the LP-WUS based on the value defined for evaluation, which can be [9, 12, 15, 18, 21, 24].



[22]	R1-2303333	Low power WUS receiver architectures	MediaTek Inc.
	Observation 1	Using I/Q branches rather than a single in-phase branch in the homodyne/zero-IF architecture with baseband envelope detection can improve the system's resilience to multi-path channels and frequency errors.
Proposal 1	RAN1 should consider adding I/Q branches in the homodyne/zero-IF architecture with baseband envelope detection to improve the system's robustness and handle multi-path channels and frequency errors caused by low accuracy LO and not using PLL.
Proposal 2	The power consumption of adding I/Q branches to a zero-IF architecture can be comparable to that of FSK receivers, at around 0.05, 0.1 and 0.5, respectively.
Observation 2	It is feasible to search a PSS signal with a 200ppm frequency error and 3.84MHz sampling rate, although it requires increased complexity.
Proposal 3	For OFDMA-based LPWUR, RAN1 should consider lowering the performance requirements for oscillator/PLL from 10ppm to 50 or 200ppm to reduce the RF power consumption.
Proposal 4	RAN1 should consider the LPWUR architecture which supports periodic PSS and SSS detection with a duty cycle operation, as well as aperiodic OOK payload demodulation.



[23]	R1-2303506	On low power wake-up receiver architectures	Apple
	Observation 1: ACS requirements may have significant impact on the RF components in the WUR (e.g. better linearity for LNA, lower phase noise for LO/PLL, larger dynamic range for ADC) and the corresponding power consumption.
Proposal 1: RAN1 assumes existing ACS requirements specified in RAN4 for the UE receiver should be satisfied by LP WUR in the study, until RAN4 provides further guideline.
Proposal 2: For Option OOK-3 (multi-tone single-bit OOK), study the receiver architectures based on the following diagram.
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Proposal 3: De-prioritize the study on the architecture with RF envelope detection.
Observation 2: For the receiver architecture for OFDM-based signals/channels, it should be possible to reduce the power by ~90% compared to the main radio. Further power reduction is being investigated.



[24]	R1-2303613	Receiver architecture for LP-WUS	Qualcomm Incorporated
	Proposal 1: The goal of UE architecture study is to investigate the feasibility of different architecture options and identify whether they can meet 3GPP LP-WUR design target.

Observation 1:
· Degraded sensitivity of RF-ED receiver could limit the coverage of LP-WUS
· RF-ED receiver has difficulty in supporting multi band due to the necessity of band specific high Q RF filter, which is very difficult to achieve.

Proposal 2: Capture the following assessment for RF-ED.
· Degraded sensitivity of RF-ED receiver could limit the coverage of LP-WUS.
· RF-ED receiver has difficulty in supporting multi band due to the necessity of band specific high Q RF filter, which is difficult to achieve due to high impact on RFFE.


Observation 2: Low IF has better sensitivity (coverage) than RF-ED for the same data rate.

Observation 3: From the given analysis, the RF-ED receiver requires larger overhead (or lower data rate) than Low IF to achieve equivalent sensitivity (coverage).

Observation 4: From the given analysis, the RF-ED with always-on WUS monitoring scheme requires higher power consumption than Low IF to achieve equivalent sensitivity (coverage).

Observation 5: RAN1 should jointly work with RAN4 for WUS design, and receiver architecture study, and understanding RF requirements.

Proposal 3: 3GPP RAN1 determines the design target of LP-WUR for WAN application.

Proposal 4: RAN1 strives to design LP-WUS to have a similar coverage as NR [PDCCH] channel.

Observation 6: 50mWms of energy consumption for LP-WUS monitoring every 2.56sec is equivalent to 20uW of additional average power consumption.

Observation 7: Duty cycling is effective method in achieving low average power consumption for R18 LP-WUR for WAN application, helping to meet tough cellular requirements.

Proposal 5: RAN1 supports duty cycling of WUS monitoring for LP-WUS monitoring for power saving.

Proposal 6: RAN1 support the offloading of RRM measurement activity from main radio to LP-WUR.



[25]	R1-2303729	Discussion on low power WUS receiver architectures	NTT DOCOMO, INC.
	Observation 1: The target coverage of LP-WUS should be clarified for further discussion
Proposal 1: Study the flexibility of multiple-band operation for LP-WUS while keeping the reasonable cost/complexity of LP WUR.
Proposal 2: LP-WUS deployment scenarios (e.g., target coverage, necessity of interference rejection, and multiple-band operation) should be clarified for further de-prioritization of LP-WUR architecture
Proposal 3: The existing ACS requirement should be reused as a start point for further LP-WUR performance evaluation.



[26]	R1-2303760	Low power WUS receiver architectures	Ericsson
	Observation 1	LP-WUR active power in range of 1-5 relative power units could be feasible for OFDM-based LP-WUR

Proposal 1	Architectures that support RRM measurements using existing OFDMA based signals without requiring introduction of additional new ‘always on’ broadcast signals and/or new RRM measurements framework should be considered for LP-WUR.
Proposal 2	LP-WUR architectures should:
•	Consider feasibility of operation in macro-cellular scenarios.
•	Support FDM/TDM multiplexing of WUS with other NR transmissions.
•	Support band and carrier tuning and flexible frequency location within a carrier.
•	Strive to enable similar coverage for LP-WUS as for Paging PDCCH.
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Agreement   -   The following power models are used ‘ Ultra - deep sleep ’  power state for main radio for evaluation  

Power State  Relative Power  (unit)  Ramp - up and down transition  energy (Note1):   (unit multiplied by ms)  Ramp - up time  Time for sync/re - sync  

Ultra - deep  sleep  [0.015]  [2000 ~ 40000]   -   Study to converge on candidate  numbers to use for evaluation   -   FFS: other values and reported by  companies.   -   FFS: down - selection of the values,    -   companies are encouraged to  provide  details for down - selection  [400ms], FFS:  100ms  X  
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Agreement   For   evaluation   of   the   coverage   of   LP - WUS,   the   methodology   and   assumptions   in   R17   CovEnh   SI   (described   in   TR38.830)   is   reused   as   baseline.      MIL   is   used   as   the   metric   for   LP - WUS   coverage   evaluation      urban   (2.6GHz/4GHz),   rural(700MHz)   scenario   for   FR1   are   considered   to   be   evaluated,   o thers   (e.g.,   FR2)   are   not   precluded.   Note:   For   IoT/wearables   devices,   refer   to   R17   Redcap   SI   TR38.875   if   the   assumptions   differ   from   TR38.830.   Companies   report   any   other   assumptions   which   differ   from   the   TR38.875/   TR38.830,   e.g.,   Tx   and   Rx   loss   Companies   are   encouraged   to   compare   LP - WUS   with   at   least   PDCCH   for   paging,   PUSCH,   others   are   not   precluded.   FFS:   Target   coverage   of   LP - WUS  
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Agreement   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   FFS: Whether FR2 is included i n the scope of LP - WUS SI  
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For the analysis of a receiver architecture, companies are encouraged to provide at least the following (when

applicable):

*  Details of the receiver

o

ocooo o0o0o0

oo

o
o

o
o

Receiver architecture type
Assumed modulation/waveform/coding
Presence of aRF LNA / IF AMP / BB AMP, and the corresponding gain, if any
Local oscillator
= Type of oscillator and the corresponding frequency accuracy/drifting
Handling of time/frequency impairments
Presence of PLL or FLL
ADC: sampling rate, bit-width
Assumed signal bandwidth and guard band, and frequency location within a carrier (including
whether it is fixed or can be flexible)
RE/IF/BB filter characteristics (e.g. type of filter, order, cut-off frequency/frequencies), if any
Baseband processing (e.g., sequence correlation detection / decoding, other signal processing, if
any)
Assumed frequency band(s) and the support of band and/or carrier tuning
Dauty cycle handling of WUS and other signals (if any)
Interference rejection capability (including both adjacent-channel interference and interference
from adjacent subcarriers occupied by legacy NR signals or other LP WUS)
Handling of inter-cell interference
Whether there is any mobility support function, e.g. measurement capability

e Performance metrics

o

ocooo

Power consumption during active monitoring/reception and during off state (and breakdown if
possible)

Noise figure

Sensitivity/coverage

Data rate

FFS: other performance metrics for, e.g., cost/complexity, interference rejection capability and
inter-cell interference handling

»  Note: The performance and design of receiver architecture is expected to be dependent on WUS design.
This List can be updated later when the discussion on WUS signal/procedure design (A1 9.13.3) starts.
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