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Introduction
This document summarizes the contributions [1 - 19] for AI 9.11.1 and email discussions.
The issues in this document are tagged and color coded with [H] or [M].
Please refer to section 5 for remaining issues.
Evaluation methodologies
Issue 1: power model
Summary:
· for OOK/FSK-based receiver,
· WUR “OFF” power:
· ZTE: 0.001
· Vivo: 0.001
· Spreadtrum: 0.001/0.01
· WUR “ON” power:
· ZTE: 0.01,0.1,0.5 or 1
· Vivo: 0.01/0.05/0.1/0.5/1/2/4
· InterDigital：0.01/0.05/0.1/0.5/1/2/4
· Spreadtrum: 0.01/0.05/0.1/0.2/0.5/1/2/4
· for OFDM-based receiver,
· WUR “OFF” power:	Comment by vivo-Dongru: 单独弄一个表格。
· ZTE: 0.6
· Vivo: 0.05 or 0.5
· CATT: 1
· Spreadtrum:0.1
· Ericsson: 0.001~0.1
· Nokia: 0.8
· WUR “ON” power:
· ZTE: 10 or 30
· Vivo: 10 or 35
· MediaTek: 0.5, 1, 2, 4, 10
· CATT: 30
· InterDigital：10/20/30
· Spreadtrum: 10/20/30
· General:
· HW’s view (confirm the last meeting FL proposal):
Relative Power (unit) for LP-WUR OFF state: 0.001/ Y1/ Y2
Relative Power (unit) for WUR ON state: 0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30 (10/20/30 not used for OOK/FSK-based receiver)
· Qualcomm’s view: add power numbers of 0, 10, 20, and 30 for LP-WUR power consumption in LP-WUR On state; no hard mapping between power numbers and receiver architectures
· OPPO: Prioritize the case ‘LP-WUR on state’ is smaller than 1
· Samsung: Candidates of LR power model for higher power-consumed LR can be added. e.g., 10, 20, 40 for on-state of LR.
· 
Moderators’ proposals
[H] Proposals 1-v1:
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
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[1]
	0.001(Y0) / [TBD: 0.01or 0.05] (Y1) / [TBD: 0.1 or 0.5 or 0.6 or 0.8 or 1] (Y2)
	[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[2]	Comment by 沈晓冬: Using LP-WUR OFF value larger than LP-WUR ON value, or close to LP-WUR ON value should not be applicable. Can we re-format the table to preclude such case?

	0.01/0.05/0.1/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


· FFS: whether further categorization/sub-categorization is needed and how.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· [For evaluation, 10/20/30 for LP-WUR ON power state are not used for OOK/FSK-based receiver]
· [For evaluation, Y2 for LP-WUR OFF power state are not used for OOK/FSK-based receiver]
· FFS: LP-WUR power consumption values for FR2.
· 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)
· Note4: 
· For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; For other WUR Off value, oscillator option 1,2,3,4 can be assumed.
· Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization. 

----------------------------TP End-------------------------------------------

	Company
	Comments

	Xiaomi
	Fine with the proposal.

	
	

	
	



[H] Proposals 1-v2:
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
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[1]
	
0.001 / 
[0.02] / 
 [1% of ON Power value, only for 10/20/30, oscillation option 3/4, and not used for envelope detection based receiver] 


	[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[2]	Comment by 沈晓冬: Using LP-WUR OFF value larger than LP-WUR ON value, or close to LP-WUR ON value should not be applicable. Can we re-format the table to preclude such case?

	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


· FFS: whether further categorization/sub-categorization is needed and how.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver
· FFS: LP-WUR power consumption values for FR2.
· 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)
· Note4: 
· For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; For other WUR Off value, oscillator option 1,2,3,4 can be assumed.
· Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization. 

----------------------------TP End-------------------------------------------
[bookmark: _Hlk135802849][H] Proposals 1-v3
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
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[1]
	
0.001 / 
0.02/ 
 1% of ON Power value 0.1/0.2/0/.3, only for 10/20/30, oscillator option 3/4, and not used for envelope detection based receiver

	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


· FFS: whether further categorization/sub-categorization is needed and how.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· [For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver]
· Object: …
· [For evaluation, 10/20/30 for LP-WUR ON power state are not used for OFDM receiver without FFT]
· Object: IDC, vivo, ZTE, 


· [For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver]
· [For evaluation, [4?]/10/20/30 for LP-WUR ON power state are used for OFDM receiver when noise figure is less than [TBD:9, 10dB] or when synchronizing from a larger time/frequency offset (e.g. 50/200ppm)]
· Note: This assume MR noise figure = 7dB

· [For evaluation, 10/20/30 for LP-WUR ON power state are not used for OFDM receiver with FFT]

· FFS: LP-WUR power consumption values for FR2.
· 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)
· Note4: 
· For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; 
· [For WUR Off value 0.02, only oscillator option 1, 2 can be assumed and only RTC can beis maintained; ]
· [For other WUR Off value, oscillator option 1,2,3,4 can be assumed.]
· Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization. 

----------------------------TP End-------------------------------------------

[H] Proposals 1-v4
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
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[1]
	0.001 / 
0.02/ 
 1% of ON Power value 0.1/0.2/0.3, only for 10/20/30, [oscillator option 3/4, and ]not used for envelope detection based receiver
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


· FFS: whether further categorization/sub-categorization is needed and how.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver for LP-WUS monitoring.
· FFS: For evaluation, [4]/10/20/30 for LP-WUR ON power state are used for OFDM receiver when noise figure is less than [MR noise figure + 2.5dB] or when synchronizing from a larger time/frequency offset (e.g. 50/200ppm)
· FFS: For evaluation, 10/20/30 for LP-WUR ON power state are used for OFDM receiver when noise figure is less than [MR noise figure + 2.5dB], [0.2/0.5/1/2/4] for LP-WUS can be assumed for other NF values larger than [MR noise figure + 2.5dB]
· 

· FFS: LP-WUR power consumption values for FR2.
· 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)
· Note4: 
· For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; 
· [For WUR Off value 0.02, only oscillator option 1, 2 can be assumed and only RTC can beis maintained; ]
· [For other WUR Off value, oscillator option 1,2,3,4 can be assumed.]
· Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization. 

----------------------------TP End-------------------------------------------


	Company
	Comments

	
	

	
	

	
	



Proposals from contributions are as follows,
	ZTE
	Proposal 5: The relative power of MR ultra-deep sleep is 0.015 unit for LP-WUS power consumption evaluation.
Proposal 7: The relative power of OOK/FSK/OFDM based LP-WUS architecture is suggested as below.
· [bookmark: _Hlk135131407]for OOK/FSK-based receiver, the relative power of WUR on is 0.01,0.1,0.5 or 1 and relative power of WUR off is 0.001. 
· for OFDM-based receiver, the relative power of WUR on is 10 or 30 and relative power of WUR off is 0.6.


	vivo
	[bookmark: _Ref135067331]Proposal 6: The relative power consumptions of LP-WUR for OFDM-based signals/channels detection are given as
· LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 
· 10 units (reduced complexity OFDM receiver), 
· 35 units (normal OFDM receiver)
· LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 
· WUR-OFF value 0=0.001unit (Note: XO is not in ‘active mode’, memory is not kept, only RTC is running)
· WUR-OFF value 1=0.05unit (Note: XO is in ‘active mode’, assuming XO option 1/2)
· WUR-OFF value 2=0.5unit (Note: XO is in ‘active mode’, assuming XO option 3/4)
Hence, the power model for LP-WUR can be updated as below.
[bookmark: _Ref135067333]Proposal 7: For LP-WUR power evaluation, 
· Relative Power (unit) for LP-WUR OFF state: 0.001/0.05 or 0.5
· 0.001unit for receiver types based on envelope detection for MC-ASK and MC-FSK
· 0.05 or 0.5unit for receiver type based on OFDM
· Relative Power (unit) for LP-WUR ON state: 0.01/0.05/0.1/0.5/1/2/4/10
· 10 units for receiver type based on OFDM
· 0.01/0.05/0.1/0.5/1/2/4 units for receiver types for based on envelope detection for MC-ASK and MC-FSK

	Huawei
	Proposal 1: For LP-WUR power evaluation.
· Relative Power (unit) for LP-WUR OFF state,
· 	0.001/ Y1/ Y2
· FFS value(s) of Y1, Y2, where Y1 corresponds to oscillator option 1/2, and Y2 corresponds to oscillator option 3/4
· Relative Power (unit) for LP-WUR ON state,
· 0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· 10/20/30 for LP-WUR ON power state are not used for receiver types based on envelope detection for MC-ASK and MC-FSK, 
· For other values, the mapping between power value and receiver type are FFS
· Note: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.


	MediaTek
	[bookmark: _Toc135044965]For OFDM-based LPWUR, the relative "On" state power value can be 10 for 1 Rx, considering reduced FFT, PBCH processing, and relaxed LO requirements. This value of 10 accounts for both synchronization and measurement power consumption.
[bookmark: _Toc135044966]For OFDM-based LPWUR, the relative "On" state power values can be further reduced to 0.5, 1, 2, or 4 for LPWUS indication demodulation when synchronization and measurement are performed independently.


	Qualcomm
	Proposal 5: For study purpose, add following additional power numbers of 0, 10, 20, and 30 for LP-WUR power consumption in LP-WUR On state.
	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
	0/0.01/0.05/0.1/0.5/1/2/4/10/20/30
FFS: If other values are needed
	
	



Proposal 6: TR does not introduce hard mapping between power numbers and receiver architectures. TR uses qualitative description in comparing power consumption among different receiver architecture.

	CATT
	Proposal 5: The suggested power model for LP-WUR is as follows:
	Power State
	Characteristics
	Relative Power 
	Ramp-up time

	Periodic low power WUS
“ON” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO.  
	0.1
	
1ms

	Periodic low power WUS
“OFF” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO. Otherwise, the wakeup receiver is shut down.
	0.001
	

	Continuous low-power WUS monitoring
	Front end wakeup receiver with free-running clock in the active device or passive device monitoring of wakeup signals continuously.
	0.01
	



Proposal 6: The suggested power model for OFDM-based LP-WUR is as follows:
	Power State
	Relative Power 
	Total transition time
	Additional transition energy

	ON
	30
	20ms
	290Note

	OFF
	1
	
	

	Note: Similar definition as the additional transition energy in TR38.840.




	InterDigital
	Proposal 2: Confirm the relative power value 0.015 for Ultra-deep sleep of MR
Proposal 5: For relative power unit of LP-WUR on state, define three categories of candidate values. The candidate values for each category can be further discussed and the following categorization can be a starting point.  
· Cat 1: 0.01 and 0.05
· Cat 2: 0.1 and 0.5
· Cat 3: 1, 2 and 4
· Cat 4: 10, 20 and 30


	Spreadtrum
	Proposal 2: Add the power values 10/20/30 for LP-WUR on state without explicit relationship between them and receiver type or components.
Table 2: The relative power values for the LP-WUR
	
	Relative power (unit)
	Note

	Category 1 (Case 1)
	Off state: 0.001
	RTC

	
	On state: 0.01/0.05/0.1/0.2/0.5
	Oscillator, FLL
Residual frequency/time error is large
Example: envelope detection architecture

	Category 2 (low-complexity architecture in Case 2)
	Off state: 0.01
	Oscillator

	
	On state: 1/2/4
	Oscillator, FLL
Residual frequency/time error is medium
Example: Parallel envelope detection architecture

	Category 3 (high-complexity architecture in Case 2)
	Off state: 0.1
	Oscillator

	
	On state: 10/20/30
	Oscillator, PLL
Residual frequency/time error is medium
Example: OFDMA-bases signal/channel base (I/Q two branches) architecture


Proposal 4: The power values for LP-WUR on/off state can be modelled in 3 categories

	OPPO
	Proposal 1: For I-DRX cycle, the different value of “additional transition energy from ultra-deep sleep” will cause different conclusion of whether LP-WUR has power saving gain compared to I-DRX with PEI or not. Prioritize the case ‘LP-WUR on state’ is smaller than 1.
Proposal 2: Both “continuously monitoring” and “discontinuously monitoring” manner should be further studied.


	Samsung
	Proposal 4: Ramp-up time and transition energy from ‘off’ to ‘on’ states should be different according to the power level of ‘on’ state for LR.
· E.g., on state for 1/2/4 relative power unit, ramp-up time should not be neglected.
Proposal 5: To reflect the higher power consumption of receiver architectures for various waveform e.g., OFDMA-based signal, FSK waveform, the following approaches should be considered for LR power model.
· Company can use higher on/off power for LR, and the details for assumed receiver architecture should be provided.
· Candidates of LR power model for higher power-consumed LR can be added. e.g., 10, 20, 40 for on-state of LR.





Issue 2: frequency/time error model
In RAN1#112-bis, it is agreed
	Working Assumption
The following for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
· Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR is ON, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4 [Note2] (cumulating based on the frequency drift and not exceed maximum frequency error)
· The initial frequency offset when LP-WUR switches on can be set to the [FFS: maximum frequency error or a random value within the maximum frequency error] following the parameters of the oscillator option 1/2/3/4[Note2].
· When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.

	TBD: value(s)
	For both LP-WUR OFF and ON
· Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 or option 3/4[Note2]. RTC can be used too. 
· Frequency offset calculation can follow the parameter of the oscillator option 1/2 or option 3/4[Note2] (cumulating based on the second value in the value pair and not exceed maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
· Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


[Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power]
FFS: Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2, option 1/2 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD1
Note3: The clock error (of both RTC and LO) could be improved to be less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.



· On timing and frequency error modelling

Huawei
For Model 1 of frequency error, Fr is:
a) 0.1 ppm, if MR can assist to calibrate LP-WUR to correct the frequency error 
b) 5 ppm, if LP-WUR can only correct the frequency error based on LP-WUS synchronization signal

MTK: Assume a residual frequency error (Fr) less than 2 ppm, as one-shot detection should not achieve a 0.1 ppm residual frequency error.

Nokia
· Using RTC (e.g. with 32kHz), would seem mostly appropriate only for determining the approximate time for waking the LR (from OFF to ON) and different clock could be needed for determining the sampling timing and RF frequency for the actual reception. To enable feasible operation with designs where lower rate clock is used as a ‘sleep clock’ to preserve power and additional clocks are used for actual reception, the LP-WUS design would need to enable the UE to re-acquire the timing and frequency synchronisation before LP-WUS reception is needed.
· Consider LP-WUS designs options that support use of preamble (at least) for timing synchronisation in a LP-WUS or have LP-SS sent prior LP-WUS.


Moderators’ suggestion is as follows,
	Issues
	Proposals

	 [Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power]
	Suggest to remove []

	FFS: Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2, option 1/2 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD1
	Suggest the following

Note2: 


	TBD: value(s)
	Suggest to be >0.001


[H] Proposals 2-v1:
Confirm the following WA with the following changes
Working Assumption
The following for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
· Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR is ON, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4 [Note2] (cumulating based on the frequency drift and not exceed maximum frequency error)
· The initial frequency offset when LP-WUR switches on can be set to the [FFS: maximum frequency error or a random value within the maximum frequency error] following the parameters of the oscillator option 1/2/3/4[Note2].
· When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.

	TBD: value(s)
>0.001
	For both LP-WUR OFF and ON
· Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 or option 3/4[Note2]. RTC can be used too. 
· Frequency offset calculation can follow the parameter of the oscillator option 1/2 or option 3/4[Note2] (cumulating based on the second value in the value pair and not exceed maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
· Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


[Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power]
FFS: Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2, option 1/2 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD1
Note3: The clock error (of both RTC and LO) could be improved to be less than max ppm error of option 1,2,3,4 with clock calibration based on sync signal such as LP-SS or preamble.
	Company
	Comments

	
	

	
	

	
	



Issue 3: LR Ramp-up time
Summary:
10ms: Nokia, ZTE(FFS for OFDM based WUR), vivo (for WUR ON power more than 1 unit), MTK (for WUR ON power more than 1 unit)
1ms or 5ms: vivo (LP-WUR ON is no more than 1 unit)
1ms or 20ms: CATT (20ms is the total transition time and adopted for OFDM based WUR)
No larger than 5ms: MTK (LP-WUR ON is no more than 1 unit)
1ms,5ms,20ms: Spreadtrum


[H] Proposals 3-v1:
· When the relative power of LP-WUR ON is [TBD: no more than 1unit or cat1] 
· The ramp-up time from LP-WUR ‘OFF (0.001unit) to ‘ON is assumed as [TBD: 1ms / 5 ms] for evaluation. 
· When the relative power of LP-WUR ON is [TBD: more than 1unit or cat2], 
· The ramp-up time from LP-WUR ‘OFF’ (0.001unit) to ‘ON’ is assumed as [TBD: 10 ms / 20ms] for evaluation. 
· Other values are not precluded for evaluation.

	Company
	Comments

	Xiaomi
	Generally fine with the proposal. 
At least for cat1, 0ms should be considered as an option. In some extremely simple LP WUR designs, the ramp-up time can be ignored.

	
	

	
	




Proposals from contributions are as follows,
	Nokia
	Table 2. WUR power consumption assumptions
	LP-WUR
	Relative power 

	Transition time and energy
(if applicable)

	LP-WUS monitoring, always-on receiver 
	 [0.1]*
	

	LP-WUS monitoring, duty cycled receiver
	Monitoring: [4.0] or [12.0]
Off: [0.001]
	{ 10ms, TLR, ramp-up *(PON - POFF)/2 }

	[]* : Values are preliminary and to be considered further based on the LP-WUR architecture discussion.




	vivo
	[bookmark: _Ref135067330][bookmark: _Ref127562205][bookmark: OLE_LINK15]Proposal 5: Transition time between LP-WUR ‘ON’ and ‘OFF’ states can be assumed as:
· 10ms, when the relative power of LP-WUR ON is more than 1 unit;
· 1ms or 5ms, when the relative power of LP-WUR ON is no more than 1 unit.

	ZTE
	Proposal 8: For LP-WUS power consumption evaluation, the 10ms ramp-up time of WUR could be used as the starting point.
· FFS the transition energy and ramp-up time for receiver for OFDM based receiver.

	MediaTek
	[bookmark: _Toc135044967]For LP-WUR ON relative power of no more than 1 unit, a ramp-up time of no larger than 5 ms. For LP-WUR ON relative power greater than 1 unit, a ramp-up time of no less than 10 ms.

	Spreadtrum
	Proposal 5: The ramp-up time for LP-WUR can be modelled in 3 categories, e.g. 1ms, 5ms and 20ms 

	Samsung 
	Proposal 4: Ramp-up time and transition energy from ‘off’ to ‘on’ states should be different according to the power level of ‘on’ state for LR.
· E.g., on state for 1/2/4 relative power unit, ramp-up time should not be neglected.






Issue 4: Sync/re-sync assumption
Summary: 
· at least 3SSBs: vivo, ZTE, MediaTek, CATT (note: The LP-WUR timing could not be used as the reliable reference timing for MR receiver);
· Qualcomm: X= 20ms or 50ms.
· Spreadtrum: 3/6/9 SSB
· FUTUREWEI: MR Sync Alt 1: PSS/SSS search for, e.g., [40, 80, 120]ms, with no LP-WUS assistance.
MR Sync Alt 2: No PSS/SSS search with LP-WUS assistance.
· InterDigital：support up to 10 SSBs for FR2 as well as FR1


[M] Proposals 4-v1:
· TBD

	Company
	Comments

	FL 
	In last, FL provide the following two questions
· Q1: Do you think the number of SSB depending on whether LP-WUR assist the MR in time and frequency synchronization? [DOCOMO][Huawei][Nokia]
· Q2: Do you think whether RRM for MR is performed for sync/resync process? [Intel]

Based on that, Q3 is asked
Q3: which is preferred for you, 
· Alt 1: Companies to report assumptions asked in Q1 and Q2 and the number of SSBs for sync/re-sync for MR
· Alt 2: Companies to report assumptions asked in Q1 and Q2, agree on value(s) for each case
· Alt 3: Companies to report the number of SSBs for sync/re-sync for MR without clarifying anything.

The answer to Q3 is as follows,

Q3:
· Alt 1: Ericsson, Spreadtrum, vivo, Nokia, Intel(2nd), Huawei(2nd)
· Alt 2: Futurewei, Spreadtrum, CATT, MTK, vivo, Intel, Huawei

Therefore, FL suggest to up to companies to report.

	Xiaomi
	For Q2, we do not really understand the question. Does it mean, each time UE do synchronization by MR, then UE will do RRM measurement by MR?
From our understanding, MR can do relaxed RRM measurement if LP WUR can support some RRM measurement function. And for relaxed RRM measurement, it should has its own criteria on how often and how long it is measured, if it can overlaps with the sync/resync process, than RRM measurement and sync/resync process can be done in one shot, otherwise, RRM measurement should be done separately.

	
	



Proposals from contributions are as follows,
	vivo
	[bookmark: _Ref127527372]Table 1. The assumptions of Sync/re-sync time and energy
	
	Sync/re-sync time [ms]
	Sync/re-sync energy [ms*units]

	Number of SSBs for sync/re-sync =3[1]
	60
	2180

	Number of SSBs for sync/re-sync =5[1]
	100
	3340

	Note 1: 10ms average continuous detection for SSB at the beginning of sync/re-sync time is assumed.
Note 2: LP-SS reception are not assumed to assist MR sync/re-sync after wake- up from ultra-deep sleep.



[bookmark: _Ref118739974][bookmark: _Ref127562174]Proposal 4: For sync/re-sync time and energy, assumptions shown in Table 1 can be considered.

	ZTE
	Proposal 6: For LP-WUS power consumption evaluation, at least 3 SSBs are required for sync/re-sync when main radio wakes up from the state of ultra-deep sleep.

	MediaTek
	[bookmark: _Toc135044969]For FR1 evaluation, number of SSBs for sync/re-sync for MR can be at least 3 for AGC settling.

	Qualcomm
	Proposal 4: Use the following values for additional X time units required for sync/re-sync of the MR:
· X = 50 ms for low SNR
· X= 20 ms for high SNR

	CATT
	Proposal 7:  For MR in out-of-sync, at least 3 SSBs are needed for acquiring Time/Frequency synchronization after wakeup triggered by LP-WUR.
Proposal 8：The LP-WUR timing could not be used as the reliable reference timing for MR receiver to reduce the number of SSB required for the synchronization when MR receiver is out-of-sync with the network.

	InterDigital
	Proposal 3: For total time for sync/re-sync of MR, support up to 10 SSBs for FR2 as well as FR1

	Spreadtrum
	Proposal 1: 3/6/9 SSBs for sync/re-sync for ultra-deep sleep can be assumed for different channel condition respectively.

	FUTUREWEI
	Proposal 5: Further study the following two alternatives for MR’s (re-)synchronization after LP-WUS detection.
MR Sync Alt 1: PSS/SSS search for, e.g., [40, 80, 120]ms, with no LP-WUS assistance.
MR Sync Alt 2: No PSS/SSS search with LP-WUS assistance.



Issue 5: other Link-level simulation assumptions
· FAR
InterDigital propose to confirm previous Working Assumption.
Nokia:
· Regardless of the considered reference channel and receiver baseline for LP-WUS coverage, operation different type of deployments should be ensured.
· The cost (for LR and LP-WUS design) of reaching higher coverage should be carefully weighted against the benefits of being able to utilize the LP-WUS at full cell coverage.

· On timing and frequency error modelling

Huawei
For Model 1 of frequency error, Fr is:
c) 0.1 ppm, if MR can assist to calibrate LP-WUR to correct the frequency error 
d) 5 ppm, if LP-WUR can only correct the frequency error based on LP-WUS synchronization signal

[bookmark: _Toc135044970]MTK: Assume a residual frequency error (Fr) less than 2 ppm, as one-shot detection should not achieve a 0.1 ppm residual frequency error.

Nokia
· Using RTC (e.g. with 32kHz), would seem mostly appropriate only for determining the approximate time for waking the LR (from OFF to ON) and different clock could be needed for determining the sampling timing and RF frequency for the actual reception. To enable feasible operation with designs where lower rate clock is used as a ‘sleep clock’ to preserve power and additional clocks are used for actual reception, the LP-WUS design would need to enable the UE to re-acquire the timing and frequency synchronisation before LP-WUS reception is needed.
· Consider LP-WUS designs options that support use of preamble (at least) for timing synchronisation in a LP-WUS or have LP-SS sent prior LP-WUS.

· On phase noise modelling
Huawei propose to Adopt the phase noise model defined by IEEE 802.11ba for LP-WUS study.

· Interference modelling
Huawei
· Regarding the adjacent subcarrier interference, on resources mapped with PDSCH, the random 16-QAM symbols can be mapped on the REs of the PDSCH to model the neighboring subcarrier interference.
· Regarding other cell interference, it can be modelled by considering one or two neighboring cells to transmit random 16QAM symbols on REs within the cell bandwidth in the link simulation. 

· Noise Figure
Samsung: The presence of LNA should be reflected to select the NF value for link budget evaluation.
[bookmark: _Toc135044971]MTK: Consider a 12dB noise figure for evaluating OOK/FSK-based LP-WURs, balancing performance, power consumption, and coverage requirements.

· Others
interDigital propose to Change the optional delay spread of 1000ns to 100ns.
Huawei propose not to consider PAPR as a KPI for LP-WUS design
· For WUS, gNB is not expected to use a separate PA to send LP-WUS. On the other hand, when LP-WUS is transmitted, it is usually transmitted together with other NR legacy signals in other frequency locations. In this case, the PAPR is not only impacted by LP-WUS, but also impacted by other NR legacy signals. Due to the limited BW of LP-WUS (<= 5MHz is recommended as agreed in RAN1 #112bis-e), the dominate part of PAPR will be other NR legacy signals instead of LP-WUS. Compared with other metrics, PAPR is not a critical issue.
Sony
· Use the outcome of discussion on LP-WUR architecture and create a table between the LP-WUR architecture, its noise figure and power consumption for a fair evaluation of LP-WUS/WUR.

Samsung and Xiaomi provide some LLS evaluation results, which are to be handled in AI 9.11.3.


[H] Proposals 5-1-v1:
Confirm the following WA in RAN1#112-bis
Working Assumption
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple LP-WUS attempts/trials,
· UE have N attempts within T, 
· Company to report (FAR target, T, N)
· For example, 
· if UE makes a single decision based on multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
· if UE performs decoding in a monitor occasion, a single decoding is considered as ONE trial/attempt.
· If UE performs N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design.

[M] Proposals 5-2-v1:
· As start point, adopt the phase noise model defined by IEEE 802.11ba for LP-WUS study
· Change the assumption of delay spread from optional 1000ns to optional: 100ns, considering the agreed values of 300ns and 1000ns result in larger delay spans than the CP length for 30kHz SCS.
· Regarding the adjacent subcarrier interference, on resources mapped with PDSCH, the random 16-QAM symbols can be mapped on the REs of the PDSCH to model the neighboring subcarrier interference.
· Regarding other cell interference, it can be modelled by considering one or two neighboring cells to transmit random 16QAM symbols on REs within the cell bandwidth in the link simulation.

[Close][H] Proposals 5-3-v1:
· For LP-SS with 320ms * X periodicity, 1 slot (30kHz) *Y and 3 - 5MHz * Z time-frequency occupation, with 8 beams*W and 20MHz*T system bandwidth, the system overhead is no more than 0.4% * Y * Z * W / X / T. 
· Reference setting for further study on LP-SS performance (including sync and/or measurement), 
· Set 1: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 320ms periodicity, 
· Set 2: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 160ms periodicity,
· Note: the overhead for the above reference sets are derived based on the above formula.

	Company
	Comments

	Xiaomi
	Fine

	
	

	
	

	
	

	
	





[Close]Issue 6: target Coverage
In RAN1#112bis-e [6], the following agreement was made for NR channels for target coverage of LP-WUS.
	Agreement
RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
· Option #1: PDCCH for paging
· Option #2: PUSCH for message3
· FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
· The final design will jointly consider the coverage with other KPIs
· FFS additional detail assumptions for NR channels, e.g., the message size for MSG3 and etc.


InterDigital: 
· PUSCH for message 3 was proposed as PUSCH is the bottle neck channel in NR. In addition, it is pointed out that the UE receiving LP-WUS can finalize RACH procedure after receiving LP-WUS if the LP-WUS has comparable coverage with PUSCH and receive PDCCH by MR.

Huawei:
· Among all the procedures in IDLE/INACTIVE mode, the bottleneck channel is PUSCH for Msg3. If the coverage of LP-WUS is better than Msg3 and if a UE is in a location within LP-WUS’s coverage but out of Msg3’s coverage, though the UE can receive LP-WUS it cannot finish random access successfully. Therefore, it is enough that LP-WUS has comparable coverage as NR PUSCH for Msg3.
· RAN1 to identify in TR the techniques/configurations to get comparable coverage as PUSCH for Msg3, and the additional techniques/configurations to get comparable coverage as PDCCH for paging, respectively for further decision regarding the coverage target of LP-WUR.
[bookmark: _Toc135044972]MTK: Evaluate LP-WUS to achieve coverage comparable to NR PUSCH for Msg3.

ZTE: 
· If the coverage target for LP-WUS is PDCCH, it would cause more resource overhead.
· For 4GHz and 2.6GHz scenario, MIL performance gap between NR bottleneck channel and msg3 is more than 13dB.
· For 4GHz and 2.6GHz scenario, MIL performance gap between NR bottleneck channel and PDCCH is more than 19dB.
· since the current NW deployment is based on the bottleneck channel. Therefore, bottleneck channel also should be considered for the coverage target.
· For LP-SS, separated coverage target should be studied.

Qualcomm: RAN1 strives to design LP-WUS to have a similar coverage as NR [PDCCH] channel.
[bookmark: _Toc115467236][bookmark: _Toc115442438][bookmark: _Toc118667391][bookmark: _Toc134980232][bookmark: _Toc115467237][bookmark: _Toc115442439]Ericsson: For coverage evaluations, LP-WUS/WUR designs that strive to match the coverage for NR PDCCH should be considered.
· Msg3 LLS Assumptions
Nokia and Huawei propose to Use the same channel spesific assumptions for PUSCH for message3 as in TR38.830
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	SCS
	30kHz for TDD, 15kHz for FDD.

	HARQ configuration
	For eMBB, whether HARQ is adopted is reported by companies. 
For VoIP, w/ HARQ.
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.




Moderators’ observation is as follows,
Evaluate LP-WUS to achieve coverage comparable to NR 
· Msg3 
· MTK, Huawei, Interdigital
· Paging PDCCH 
· Qualcomm, Ericsson
· Others: PUSCH
· ZTE

[H] Proposals 6-1-v1:
Use the same channel specific assumptions as defined in TR38.830 for reference PUSCH for message3, i.e.,
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	SCS
	30kHz for TDD, 15kHz for FDD.

	HARQ configuration
	For eMBB, whether HARQ is adopted is reported by companies. 
For VoIP, w/ HARQ.
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.




	Company
	Comments

	Xiaomi
	Fine

	
	

	
	

	
	

	
	



Others
· Latency for target use case:
ZTE: Clarify the latency definition for different RRC states.
· Consideration or evaluation assumption for resource overhead and NW power consumption:
Ericsson: Impact of LP-WUS/WUR operation on NW Energy Efficiency should be considered 
Huawei: LP-SS and LP-WUS cause marginal overhead; LP-WUS do marginal impact to NW energy consumption.
ZTE:Discuss the LP-WUS transmission assumption and capture how to calculate the system overhead in the TR,
vivo, Sony, Nokia
InterDigital: NW power consumption/energy efficiency is not adopted as a performance metric.
· Number of UE in each group:
CATT: less than 8
Ericsson: 10
Spreadtrum：company report
· Duty cycle assumptions for LP-WUS or LP-SS:
ZTE including duty cycle length, monitoring window length
FUTUREWEI
· Latency defination:
ZTE: both consider legacy PO and dynamic PO
FUTUREWEI: the latency is defined as the average time between the arrival of data at gNB and the UE’s completion of MR synchronization upon detection of a corresponding LP-WUS
Samsumg: The latency for RRC_CONNECTED state is defined as the time interval between the data arrival time at the gNB and the time of the first UE specific data channel reception.
Huawei: latency is the time interval between the data arrival time and the time of the first RO UE can transmit PRACH.
· Continuous or duty cycle monitoring of LP-WUS
ZTE: support both of the monitoring manners of LP-WUS
	ZTE
	Proposal 3: Clarify the latency definition for different RRC states.
· Minimum latency requirement for RRC CONNECTED mode is in the order of milliseconds
· Minimum latency requirement for RRC IDLE/INACTIVE mode is in the order of seconds 
Proposal 4: Discuss whether to set a target or minimum requirement for power saving gain, system overhead and NW power consumption.

Proposal 9: For power evaluation, 
· the monitoring window for LP-SS could be assumed as {0.25ms, 0.5ms, 1ms, 2,ms, 4ms} and the monitoring window for SSB/PSS/SSS could be assumed as {2ms, 4ms}.
· the monitoring window for duty cycled LP-WUS could be assumed as {1ms, 2ms, 4ms, 16ms} and the monitoring window for LP-WUS based on OFDM receiver for NR signal could be assumed as {1ms ,2ms}
· the monitoring periodicity for duty cycled LP-WUS could be assumed as 1.28s. 

Proposal 12: For latency evaluation, both legacy PO and dynamic PO should be considered for LP-WUS.
Proposal 13: For latency evaluation, both continuous monitoring and duty cycle monitoring can be considered for LP-WUS.
Proposal 15: Discuss the LP-WUS transmission assumption in idle/inactive mode for evaluation and capture how to calculate the system overhead in the TR.
Table 5. Assumptions for system overhead evaluation
	Connections
	1,000,000 (device/km2)

	System bandwidth
	100M

	ISD with 3 sectors
	500m, 1732m

	SCS
	15KHz, 30KHz

	LP-SS assumption
	Periodicity{160ms, 320ms}
· Time domain resources:7 symbols 
· Frequency bandwidth: 5MHz

	LP-WUS assumption
	· Time domain resources:N2 symbols:1, 7, 14
· Frequency bandwidth 5MHz

	Assumption for UE specific wake-up
	· Number of beams:1,4,8
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28

	Assumption for group specific wake-up
	· Number of beams:1,4,8
· Number of UEs in a group: 4, 8

	Note: If always-on monitoring is assumed, the LP-SS may not be needed



Proposal 16: Consider the above assumptions in the Table 5 for system overhead evaluation.
Proposal 17: Discuss the evaluation assumptions for BS power consumption	Comment by vivo-Dongru: LP-SS 和 SSB之间的offset
· Whether introduce Offset for LP-SS with SSB.
· Periodicity or offset for duty cycled LP-WUS


	Nokia
	Observation 1: Use case determines the latency requirement, and is agnostic to RRC state and device type.
Proposal 1: 	Down prioritize the sidelink related studies for time being.
Proposal 2:		Consider implications to network energy efficiency in studied LP-WUS related designs.
Proposal 3: 	LP-WUS design and LP-WUR architecture should support flexible placement in frequency domain.
Proposal 4:		The wake-up signal design and wake up receiver architecture defined, allows efficient reuse of gNB hardware for signal generation.
Proposal 5:		The LP-WUS/WUR design should ensure that legacy receiver performance is not affected and efficient multiplexing with existing NR signals and channels is possible to limit the resource reservation.
Proposal 6:		Coverage and mobility implications should be accounted for in LP-WUS design and LP-WUR architecture assumptions.
Observation 13: Overhead analysis should be considered for different LP-WUS designs and LP-WUR architectures, accounting any guard needed.
Observation 14: The possible latency impact of LP-WUS should be accounted in system level modelling when e.g. XR traffic is analysed. 
Observation 15: Planned Rel-18 enhancements, such as support of non-integer DRX periods aligned with XR frame rates, should also be accounted in the system level evaluations.

	Huawei
	Proposal 3: Do not consider PAPR as a KPI for LP-WUS design, considering it is not a critical issue for LP-WUR.
Proposal 4:	Adopt the phase noise model defined by IEEE 802.11ba for LP-WUS study.
[bookmark: _Hlk135140845]Proposal 5:	If UE is not required to monitor a PO after wake-up, latency is the time interval between the data arrival time at the gNB, and the time of the first RO UE can transmit PRACH in after LP WUS detection.
Proposal 6:	The FAR of LP-WUS is no larger than 0.1% per DRX cycle.
Proposal 9:	In in-band deployment, the additional overhead due to LP-SS and LP-WUS transmission in a NR cell is considered to be marginal, compared with NR resource overhead transmitted in empty load. .
Proposal 10:	For evaluation on impact of network energy consumption, empty load case is considered as the first step.
Proposal 11:	Impact of LP-WUS to network energy consumption is marginal.

	MediaTek
	[bookmark: _Toc135044974]Study a combined receiver approach comprising both OOK-based and OFDMA-based receivers to leverage the advantages of both types of receivers.
[bookmark: _Toc127546038][bookmark: _Toc135044976]RAN1 to consider LP-WUR-assisted SSSG switching in RRC CONNECTED, where UE is configured with one SSSG for LR to monitor LP-WUS and another SSSG for MR to monitor DCI.  

	Ericsson
	Proposal 1	Following should be considered in the evaluations:
•	Applicability of RRC IDLE/INACTIVE vs. RRC CONNECTED mode operation of LP-WUS/WUR considering latency requirements and expected data activity for different use cases mentioned in the SID.
•	Feasible latency at which LP-WUR can wake up MR while still providing power saving gain.
Proposal 2	Include ‘latency’ as a use case characteristic for IoT, Wearables, and eMBB.
Proposal 3	For evaluations, use N=10 and the resulting range of RG={10%, 1%, 0.1%, 0.01%} for the per group paging probability.
Proposal 4	The following general framework should be considered for WUS evaluations:
•	Transmission of LP-WUS should not require new gNB hardware and should not trigger new emissions/compliance requirements for gNBs.
•	It should be possible to dynamically reuse unused LP-WUS resources for other NR transmissions (i.e., dedicated time/frequency resource reservation for WUS should be avoided).
•	It should be possible to multiplex LP-WUS with other NR transmissions in time or frequency domain without causing interference.
•	LP-WUS is transmitted on Uu interface from gNB to UE.
Proposal 6	Impact of LP-WUS/WUR operation on NW Energy Efficiency should be considered especially if LP-WUS transmissions require significantly more time/frequency resources compared to PDCCH or require additional always-on transmissions (e.g., LP-SS) from gNB. 
Observation 2	 The average number of false alarms increases with increasing WUR active time.

	Qualcomm
	Proposal 1: For LP-WUR study, prioritize the use case of IoT Idle mode with low latency and low power requirement.
Proposal 2:
· Latency requirement for IoT Idle mode cases including e.g., industrial wireless sensors, controllers, actuators and etc.
· Order of seconds
· Latency requirement for wearable Idle mode cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· Order of seconds
· Latency requirement for eMBB Idle mode cases including e.g., smart phones and etc.,
· Order of seconds
· Latency requirement for eMBB/XR Connected mode cases including
· Order of milliseconds
Proposal 3: Following KPIs are evaluated: data rate, false wakeup probability (due to grouping and false alarm), and misdetection probability.


	CATT
	[bookmark: OLE_LINK81][bookmark: OLE_LINK82]Proposal 1:  The LP-WUS used as the paging early indication (PEI) only consume 1/10000 power of DCI format 2_7 (DCI-based PEI) for UEs in RRC_IDLE/INACTIVE mode.
Proposal 2:  LP-WUS is used in place of the PO indication is not appropriate because it requires UE-specific LP-WUS to carry the paging indication for the group of UEs and associated paging information with unique ID in the registration area.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK85]Proposal 3:  The LP-WUS as the wakeup indication could reduce detection power consumption of DCI format 2_6 and SSB. Moreover, it can also be applied to the UEs without DRX configuration as the application of DCI format 2_7 restricted by DRX.
Proposal 4: The number of UE in the same group should not be more than 8 for i-DRX and e-DRX with RE, REF below 0.1% for LP-WUS as the PEI. 

	InterDigital
	Proposal 1: NW power consumption/energy efficiency is not adopted as a performance metric.

	FUTUREWEI
	Proposal 1: For a LP-WUS carrying a UE unique ID, the latency is defined as the average time between the arrival of data at gNB and the UE’s completion of MR synchronization upon detection of a corresponding LP-WUS
Proposal 2: Consider ignoring the impact of system information update on IDLE/INACTIVE state latency due to its infrequent occurrence as part of paging procedure.
Proposal 4: Confirm the working assumption on FAR target and consider MR’s DRX cycle or LP-WUR’s duty cycle as the reference time duration for ‘always-on’ and ‘duty-cycled’ monitoring modes, respectively.


	samsung
	Proposal 2: The latency for RRC_CONNECTED state is defined as the time interval between the data arrival time at the gNB and the time of the first UE specific data channel reception.
Proposal 6: Study how to reduce the average latency when LP-WUS is introduced.


	xiaomi
	Proposal 1: For RRC idle/inactive state, two use cases can be considered for evaluation:
Case 1, LP WUS combined with legacy paging mechanism;
Case 2, LP WUS combined with enhanced paging mechanism.
Proposal 2: For RRC connected state, four use cases can be considered for evaluation:
Case 1, LP WUS used as DCP;
Case 2, LP WUS used during C-DRX on duration;
Case 3, LP WUS combined with PDCCH skipping;
Case 4, LP WUS used without C-DRX/PDCCH skipping.

	LG
	Proposal: Update the following latency characteristic for target use cases.
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· Latency for RRC IDLE/INACTIVE mode is in the order of seconds
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· Latency for RRC IDLE/INACTIVE mode is in the order of seconds
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· Latency for RRC CONNECTED mode is in the order of milliseconds
· Latency for RRC IDLE/INACTIVE mode is in the order of seconds




RRM measurement
	vivo
	[bookmark: _Ref127562210]Proposal 8: For RRM measurement assumptions in RRC idle/inactive mode, the following options can be considered.
· Option 1: RRM measurement is only performed by MR as in legacy releases.
· Option 2: MR performs relaxed RRM measurement every X I-DRX cycles (e.g. X can be 10 or larger). Additionally, LP-WUR may also perform assistant RRM measurement based on periodic lower power signal e.g., LP-SS. 
· Option 3: MR does not perform RRM measurements and RRM measurement is completely offloaded to LP-WUR.

	MediaTek
	[bookmark: _Toc135044968]For LP-WUR using SSB to decode OOK-based LP-WUS, candidate SSB monitoring periodicities can be 40ms, 80ms, 160ms, 320ms, 640ms, or 1280ms, depending on functionalities and operation modes.

	Apple 
	Observation 3: For idle/inactive UEs, the frequency of RRM measurements performed by the MR needs to be sufficiently low to achieve power saving gain. For MR transition energy of 15000, the RRM should not be performed more frequently than once every 5 cycles. For MR transition energy of 40000, the RRM should not be performed more frequent than once every [20] cycles.






	Company
	Comments

	
	

	
	

	
	

	
	

	
	




[bookmark: _Toc529948047]Evaluation results
· Summary of the evaluation results (Click Here)  -> All the results with Text proposals are provided in this document
· Excel sheet for collecting power/latency evaluation (Click Here)
· Excel sheet for collecting coverage evaluation (Click Here)
Note 1: you can find these attachments in the RAN1#113 draft folder. 
Note 2: For LLS results, please refer to 9.11.3


R1-2305953	Summary of evaluation results #1	Moderator(vivo)

[bookmark: _GoBack]
Discussing of the evaluation results and observation for LP-WUS/WUR
Providing the draft TPs to include the 
· Evaluation results for power / latency / coverage / overhead / network power consumption for LP-WUS/WUR
· Observations for each of the part


Online session

[bookmark: _Hlk135865554][H] Proposals 1-v4
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
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[1]
	0.001 / 
0.02/ 
 1% of ON Power value 0.1/0.2/0.3, only for 10/20/30, [oscillator option 3/4, and ]not used for envelope detection based receiver
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


· FFS: whether further categorization/sub-categorization is needed and how.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver for LP-WUS monitoring.
· FFS: For evaluation, 10/20/30 for LP-WUR ON power state are used for OFDM receiver when noise figure is less than [MR noise figure + 2.5dB], [0.2/0.5/1/2/4] for LP-WUS can be assumed for other NF values larger than [MR noise figure + 2.5dB]
· FFS: LP-WUR power consumption values for FR2.
· 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)
· Note4: 
· For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; 
· [For WUR Off value 0.02, only oscillator option 1, 2 can be assumed and only RTC can beis maintained; ]
· [For other WUR Off value, oscillator option 1,2,3,4 can be assumed.]
· Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization. 
----------------------------TP End-------------------------------------------
[H] Proposals 2-v1:
Confirm the following WA with the following changes
Working Assumption
The following for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
· Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR is ON, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4 [Note2] (cumulating based on the frequency drift and not exceed maximum frequency error)
· The initial frequency offset when LP-WUR switches on can be set to the [FFS: maximum frequency error or a random value within the maximum frequency error] following the parameters of the oscillator option 1/2/3/4[Note2].
· When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.

	TBD: value(s)
>0.001
	For both LP-WUR OFF and ON
· Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 or option 3/4[Note2]. RTC can be used too. 
· Frequency offset calculation can follow the parameter of the oscillator option 1/2 or option 3/4[Note2] (cumulating based on the second value in the value pair and not exceed maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
· Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


[Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power]
FFS: Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2, option 1/2 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD1
Note3: The clock error (of both RTC and LO) could be improved to be less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.

[H] Proposals 3-v1:
· When the relative power of LP-WUR ON is [TBD: no more than 1unit or cat1] 
· The ramp-up time from LP-WUR ‘OFF (0.001unit) to ‘ON is assumed as [TBD: 1ms / 5 ms] for evaluation. 
· When the relative power of LP-WUR ON is [TBD: more than 1unit or cat2], 
· The ramp-up time from LP-WUR ‘OFF’ (0.001unit) to ‘ON’ is assumed as [TBD: 10 ms / 20ms] for evaluation. 
· Other values are not precluded for evaluation.


void
Summary of the previous agreements
RAN1#110bis-e
For future meetings on LP WUS:
Use the following terminology for future discussion,
· Main radio (MR): the Tx/Rx module operating for NR signals/channels apart from signals/channel related to low-power wake-up
· LP-WUR (LR): The Rx module operating for receiving/processing signals/channel related to low-power wake-up.
 
Agreement
For evaluation, 1 Rx chain for LP-WUS receiver is baseline.
 
Agreement
Both RRC IDLE/INACTIVE and CONNECTED modes are to be studied as part of the LP-WUS/WUR SI. 
· FFS: Further prioritization if needed during the study item.
 
Agreement
Take the following power model for main radio for evaluation in LP-WUS/WUR SI,
· For IoT and wearable cases, reuse TR38.875 power model as baseline.
· For eMBB and other cases, reuse TR38.840 power model as baseline.
· Introduce ‘Ultra-deep sleep’ power state for main radio of UEs with LP-WUS receiver 
· FFS: The details of ‘Ultra-deep sleep’ power state
 
R1-2210512	FL summary#2 of evaluation on low power WUS	Moderator (vivo)
 
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


 Note1: 
· 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.],
· FFS: X and whether/how to have different values depending on other factors, e.g., signal-to-noise ratio
· Companies can report the assumption of X in the initial evaluation.
· Ramp up and down energy includes power for ramp-up and ramp-down. Energy consumption for sync/re-sync is separately calculated.
· 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. 
· FFS whether/how to define ramp-down time, whether to separately describe the ramp-down energy consumption
Note 2: the power state transitions in this table refer to transitions between ultra deep sleep state and active / micro sleep state.
Note 3: The values inside of ‘[ ]’ are to be used as starting point of future study on 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 R18 LP-WUS/WUR power evaluation in RRC connected mode, the following can be considered, 
· XR traffic model with evaluation methodologies and assumptions captured in TR 38.838. 
· eMBB traffic model with evaluation methodologies and assumptions captured in TR 38.840
· Heartbeat traffic models in 3GPP TR 38.875.
· Other models are not precluded.
Company to further provide the followings,
· Parameters (e.g., frame rate, data rate, jitter range, DRX configurations and etc if needed.)
· How to use LP-WUS, e.g., LP-WUS to trigger/adapt PDCCH monitoring
· Other details if any
 
Agreement
· For LP-WUS coverage evaluation, the noise figure of LP-WUR is 
· Options : [9, 12, 15, 18, 21, 24], Other values can be reported by companies
· FFS: how to determine the NF option.
· The values provided is for the purpose of studying coverage of LP-WUS, and it can be further revisited depending on the receiver architecture discussion.
 
Agreement
For the performance evaluations of LP-WUS candidate designs, it is assumed that
· The miss-detection rate (MDR) of LP-WUS [1%],
· The false-alarm rate (FAR) of LP-WUS
· [0.1%, 1%, 10%]
· Other values are not precluded for studying reported by companies
· Note: if LP-WUS for wake-up indication consists of two parts or even multiple parts, the proposed MDR/FAR should take into account the reception performance of the two or more parts jointly
· The above values applied in both RRC CONNECTED and IDLE/INACTIVE mode.
· FFS FAR requirement based on the study outcome of the impact of FAR on power consumption / power saving gain / system overhead
· FFS: Note: FAR should be evaluated both in the absence of gNB transmissions and in the presence of transmissions from gNB. Proponent to provide the details.
 
Agreement
For system impact analysis, the following performance metrics are considered to be provided,
	Performance Metric
	Note

	System overhead
	expressed as percentage of used part of all REs for LP-WUS (including guard band or time or others resource used for LP-WUR if any) among all resources
Other assumptions related to the system overhead analysis can be reported, e.g., the LP-WUR raw data rate evaluated in the coverage evaluations.

	FFS: Capacity impact
	[Evaluate the system capacity impact due to introducing of LP-WUS]

	FFS: NW power consumption / Energy Efficiency
	[Impact of LP-WUS/WUR operation on gNB energy consumption as performance metric in system impact analysis.]


 For power and latency evaluation of the LP-WUS, the following performance metrics are considered to be provided.
	 Performance Metric
	Note

	Power consumption
	Relative power consumption in units. The power consumption includes main radio and LP-WUR. For comparison, the relative power consumption and evaluation period for baseline schemes should also be provided, as well as the power saving gain (i.e., percentage of power consumption reduction of the proposed power saving scheme from the baseline scheme).

	Latency
	For IDLE/INACTIVE state, the latency is the time interval between the data arrival time at the gNB and the time of the first PO UE can [monitor/detect] the paging message
· FFS: if UE is not required to monitor a PO after wake-up, e.g., latency is the time interval between the data arrival time at the gNB and the time UE transmits the PRACH after LP-WUS detection.
· sync/re-sync for main radio is included
For CONNECTED state, TBD

	FFS: UPT
	FFS
Note: it is for connected mode purpose.


Companies to report baseline scheme, e.g., PO monitoring with i-DRX, e-DRX, with or without PEI
Companies to report the power consumption / power saving gain considering the FAR impact , latency considering MDR impact
Other performance metrics (e.g., mobility) can be reported by companies (if any)
 
Agreement
The following is assumed for RRC IDLE/INACTIVE evaluation,
	Parameters
	Value

	i-DRX cycle length
	1.28s and other values not precluded and reported by companies, consider both with PEI/ without PEI

	e-DRX cycle length
	20.48s, 61.44s and other values not precluded, company to report which value(s) are used.  Note: ‘ultra-deep sleep’ state can be assumed for eDRX whenever necessary for baseline UE

	Number of POs in Paging Frame
	1

	Number of DRXs per PTW
	4

	Number of SSB before PO / PEI
	1, 2 or 3, (used for e.g., AGC adjustment, T/F tracking, serving cell and intra-F measurement)
company to report which value(s) are used
Note: the assumptions is for MR wakes from ‘Deep sleep’

	Sync/re-sync after ultra-deep sleep
	companies to report the timeline of sync/re-sync and X value, X is the time for sync/re-sync

	RRM Measurement
	Company to report whether and how the RRM measurement is assumed, e.g., whether RRM performed by main radio or LP-WUR, whether RRM is relaxed or not.

	LP-WUS monitoring
	Option 1: continuously monitoring
Option 2: discontinuously monitoring, with [T] ms as the period for complete an on-and-off cycle, and [D] ms as the active time for monitoring LP-WUS every cycle.

	Traffic
	Option 1 (baseline):
Per UE paging rate (R_E)= ([1%]) or ([0.1%]) or ([0.01%]) or ([0.001%]) within duration Y, [FFS Y is an i-DRX cycle length or an absolute time duration length]
· R_G denotes as the group paging rate and R_E denotes as UE paging rate, and 1-R_G=(1-R_E)^N, where N is the number of UEs in the group, and N is [TBD]
· FFS: how (R_G, R_E) for e-DRX derived from
 
FFS: Option 2 (optional):
Reusing TR 38.875 heart beat traffic model
	Model
	FTP3

	Packet size
	100 Bytes

	Mean inter-arrival time
	60s (per UE paging rate≈2%)


 
Model RRC connection phase power consumption as follows,
	RRC connection duration
	[30ms]

	Relative energy consumption of RRC connection block (Relative power x ms)
	[=3000]


 
Other options are not precluded can be reported by companies.

	Others
	Reported by companies


 
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

RAN1#111
Agreement
For system impact analysis, the following performance metrics are considered to be provided,
	Performance Metric
	Note

	System overhead
	expressed as percentage of used part of all REs for LP-WUS (including guard band or time or others resource used for LP-WUR if any) among all resources
Other assumptions related to the system overhead analysis can be reported, e.g., the LP-WUR raw data rate evaluated in the coverage evaluations.

	Capacity impact
	Evaluate the system capacity impact due to introducing of LP-WUS
Note: it is for UEs which are in connected mode. Definition is the same as in XR TR.

	FFS: NW power consumption / Energy Efficiency
	[Impact of LP-WUS/WUR operation on gNB energy consumption as performance metric in system impact analysis.]


For power and latency evaluation of the LP-WUS, the following performance metrics definitions provided for future study
	 Performance Metric
	Note

	Power consumption
	Relative power consumption in units. The power consumption includes main radio and LP-WUR. For comparison, the relative power consumption and evaluation period for baseline schemes should also be provided, as well as the power saving gain (i.e., percentage of power consumption reduction of the proposed power saving scheme from the baseline scheme).

	Latency
	For IDLE/INACTIVE state, 
· the latency is the time interval between the data arrival time at the gNB and the time of the first PO UE can monitor the paging message
· alternatively, if UE is not required to monitor a PO after wake-up, company to report detailed procedure and definition of the latency
. In RAN1#111, there are no definitions being precluded
· sync/re-sync for main radio is included


	UPT
	The definition is the same as in [TR38.840]
Note: it is for connected mode purpose.


Companies to report baseline scheme, e.g., PO monitoring with i-DRX, e-DRX, with or without PEI
Companies to report the power consumption / power saving gain considering the FAR impact, latency considering MDR impact
Other performance metrics (e.g., mobility) can be reported by companies (if any)
 
Agreement
Update the IDLE/INACTIVE state traffic model option 1 as follows and remove traffic model option 2,
· The traffic arrival is modeled as a Poisson Arrival Process where inter-arrival times are exponentially distributed, the mean arrival time is P = YREF / RE, REF, where
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· FFS: Value of N
· For LP-WUS
· Both per group and UE paging can be assumed.
Note：
· For i-DRX with i-DRX cycle duration Y second, 
· Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· For e-DRX with K i-DRX cycles duration, L PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
· Per UE paging probability is
· RE = 1 – (1 – RE, REF )(K-L)Y/YREF for the first i-DRX cycle within the PTW
· RE = 1 – (1 – RE, REF )LY/YREF for each of the remaining L-1 i-DRX cycles within the PTW
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· L=4 (as agreed in RAN1#110bis)
 
Agreement
For MR, at least for FR1 evaluation,
· Number of SSBs for sync/re-sync for MR is up to 10
· Companies to report timeline and energy consumption
· Companies to provide feasibility analysis for transition time and transition energy with aim to converge to one or two set of values in RAN1#112
 
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#112
Conclusion:
The FAR definition does NOT include the impact of the falsely alarmed for wake-up due to the detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group

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.

Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (15000, 400ms)
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.

Agreement
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	Case 1: 1 Rx for Redcap
Case 2: 2 Rx
Case 3: 4 Rx
Company to report which case is being used. Further decision on antenna assumption for coverage is FFS.

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Reference data rates for MR eMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

	Reference PDCCH configuration
		SCS
	30kHz for TDD, 15kHz for FDD.

	Aggregation level
	8, 16

Company to report which case is being used. Further decision on aggregation level for coverage is FFS.

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER,




	Pathloss model (select from LoS or NLoS)
	Urban: NloS
Rural: NloS and LoS

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns, optional: 1000ns and companies to provide descriptions for such scenarios
Rural: 300ns
Rural with long distance: 30ns

	UE velocity
	Urban: 3km/h 
Rural: 3km/h, FFS: 120km/h (optional 30km/h) for outdoor

	Number of antenna elements for BS
	-	Urban: 192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
-	Rural: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
-	Rural: 16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	gNB architectures to study:
-	2 or 4 TXRUs for 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.
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





Working Assumption
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm]
	20


· Company to report how to use the clocks for LR on/off states 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· For Option 3/4, 
· FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state, 
· e.g., option 3/4 is not applicable
· when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or, 
· when LR monitoring power less than [TBD] power unit, 
· Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
· If MR is in other state than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared 
· Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
· Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal, 
· The following are examples for consideration, other approaches are not precluded,
· Model 1:
· The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
· When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
· T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
· FFS: Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm).
· Model 2: random frequency drifting, FFS details
· Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal, 
· The following are examples for consideration, other approaches are not precluded,
· Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
· The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
· The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
· The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]

· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
· FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr
· Model 2: random time drifting, FFS details
· FFS: Phase noise model
RAN1#112-bis-e
R1-2304076	FL summary #1 of evaluation methodologies on LP-WUS/WUR	Moderator (vivo)

Agreement
Update as followings for the e-DRX paging probability
Note:
· For i-DRX with cycle duration Y second,
· Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
· For e-DRX with K i-DRX cycles duration, PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
· Per UE paging probability is
· RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF for the first i-DRX cycle within the PTW
· RE = 1 – (1 – RE, REF )Y/YREF for each of the remaining L-1 i-DRX cycles within the PTW
· L=4

Agreement
Update the additional transition energy from [TLR, ramp-up *(PON+POFF)/2] to [TLR, ramp-up *(PON-POFF)/2] for LP-WUR power model.
· Note: this assumes the power consumption during the transition time is sum of additional transition energy and LP-WUR OFF energy, e.g., similar definition as the additional transition energy in TR38.840
 
Working Assumption
For Model 1 of frequency error, Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm), 
· Companies to report Fr and important assumptions for achieving Fr, e.g., if MR can assist to calibrate LP-WUR to correct the frequency error or if LP-WUR can only correct the frequency error based on LP-WUS synchronization signal

R1-2304150	FL summary #2 of evaluation methodologies on LP-WUS/WUR	Moderator (vivo)

Agreement
The period of synchronization signal that LP-WUR used for at least power evaluation can be
· Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
· For evaluations assuming LP-SS
· {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
· Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
· Other values are not precluded
Note: companies to report the purpose of the synchronization signal along with evaluations, e.g. can be for LR synchronization (i.e., time and/or frequency tracking) and/or measurement.
Working Assumption
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple LP-WUS attempts/trials,
· UE have N attempts within T, 
· Company to report (FAR target, T, N)
· For example, 
· if UE makes a single decision based on multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
· if UE performs decoding in a monitor occasion, a single decoding is considered as ONE trial/attempt.
· If UE performs N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design.

Agreement
RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
· Option #1: PDCCH for paging
· Option #2: PUSCH for message3
· FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
· The final design will jointly consider the coverage with other KPIs
· FFS additional detail assumptions for NR channels, e.g., the message size for MSG3 and etc.

Agreement
Confirm Alt 2 in the following agreement and update as follows
Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (15000, 400ms) as baseline
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.

Agreement
Confirm the WA from RAN1#112 and update as followings
Working Assumption
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm], 
FFS: RTC frequency drift [ppm/s]
	(20  FFS:[0.1])
	 


· Company to report how to use the clocks for LR on/off states 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state.
· For Option 3/4, 
· FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state,
· e.g., option 3/4 is not applicable
· when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or, 
· when LR monitoring power less than [TBD] power unit, 
· Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
· If MR is in other state than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared
· Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
· Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal,
· The following are examples for consideration, other approaches are not precluded,
· Model 1:
· The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
· When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
· T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
· FFS: Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm).
· Model 2: random frequency drifting, FFS details
· Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal,
· The following are examples for consideration, other approaches are not precluded,
· Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
· The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
· The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
· The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]

· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach
· FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr
· Model 2: random time drifting, FFS details
· FFS: Phase noise model

Working Assumption
The following for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
· Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR is ON, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4 [Note2] (cumulating based on the frequency drift and not exceed maximum frequency error)
· The initial frequency offset when LP-WUR switches on can be set to the [FFS: maximum frequency error or a random value within the maximum frequency error] following the parameters of the oscillator option 1/2/3/4[Note2].
· When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.

	TBD: value(s)
	For both LP-WUR OFF and ON
· Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 or option 3/4[Note2]. RTC can be used too. 
· Frequency offset calculation can follow the parameter of the oscillator option 1/2 or option 3/4[Note2] (cumulating based on the second value in the value pair and not exceed maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
· Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


[Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power]
FFS: Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2, option 1/2 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD1
Note3: The clock error (of both RTC and LO) could be improved to be less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.




SID
RP-222644
The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 
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Annex: Comments in the email discussion

	#
	Proposals
	Companies comments
	FL comments

	8
	[H] Proposal 1C-2-v3:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ [Y, e.g., Y>=0.1 or 0.01]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For cat1a, clock error option 3 or 4 is assumed,
o    FFS for cat1b, clock error option 1 or 2 is assumed
o    For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; For WUR Off value Y, option 1,2,3,4 can be assumed.
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
 
 
[H] Proposal 1C-2-v4:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ [Y, e.g., Y>=0.1 or 0.01]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
[o    10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    For other values, the mapping between power value and receiver type are FFS]
 
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained;
o     For WUR Off value >= Y1, option 1,2 can be assumed. FFS: Y1
o     For WUR Off value >= Y2, option 3,4 can be assumed. FFS: Y2
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
 
[H] Proposal 1C-2-v5:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ [Y, e.g., Y>=0.1 or 0.01]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
o    Alt1:10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    Alt2: 10/20/30 for LP-WUR ON power state are not used for receiver types for MC-ASK and MC-FSK, 
o    For other values, the mapping between power value and receiver type are FFS
 
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For WUR Off value 0.001, oscillator option 1, 2, 3, 4 and /FLL/PLL are not assumed and only RTC is maintained;
o     For WUR Off value >= Y1, option 1,2 can be assumed. FFS: Y1
o     For WUR Off value >= Y2, option 3,4 can be assumed. FFS: Y2 and whether Y1=Y2 or not
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
 
 
[H] Proposal 1C-2-v6:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ [Y, e.g., Y>=0.1 or 0.01]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
o    Alt1:10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    Alt2: 10/20/30 for LP-WUR ON power state are not used for receiver types based on envelope detection for MC-ASK and MC-FSK, 
o    For other values, the mapping between power value and receiver type are FFS
 
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For LP-WUR Off value 0.001, oscillator option 1, 2, 3, 4 and /FLL/PLL are not assumed and only RTC is maintained; Only RTC is running during sleep. Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power.
o     For WUR Off value >= Y1, option 1,2 can be assumed. FFS: Y1
o     For WUR Off value >= Y2, option 3,4 can be assumed. FFS: Y2 and whether Y1=Y2 or not
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
 
[H] Proposal 1C-2-v7:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ Y1/ [Y2], [FFS value of Y1, Y2 e.g., 0.1, 0.01, 0.005]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
o    Alt1:10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    Alt2: 10/20/30 for LP-WUR ON power state are not specializedused for receiver types based on envelope detection for MC-ASK and MC-FSK, 
o    For other values, the mapping between power value and receiver type are FFS
 
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For LP-WUR Off value 0.001, oscillator option 1, 2, 3, 4 and /FLL/PLL are not assumed and only RTC is maintained; Only RTC is running during sleep. Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power.
o     For WUR Off value >= Y1, option 1,2 can be assumed. FFS: Y1
o     For WUR Off value >= Y2, option 3,4 can be assumed. FFS: Y2 and whether Y1=Y2 or not
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
	Intel: We are OK for the proposal relative power 10/20/30 for OFDM receiver. We are also fine to introduce parameter Y. 
Note4 overlaps with the sub-bullet for Option 3/4’in the second bullet in Proposal 1A-v-v1. It is better to have a single proposal
 
 
 
Ericsson: Not OK with below part in the proposal second FFS point. We suggest to remove it.
FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
 
 
Huawei, HiSilicon: we have a couple comments as following:
1.  0.2 should be added considering we have proposal of sequence based receiver with power of 0.2;
2.  We don’t need the sub-bullet of “10/20/30 for LP-WUR ON power state are used for OFDM receiver”. It is anyway to be handled by AI 9.11.2. And we actually have some proposal of OFDM based receiver, i.e. sequence based detection, to be with power consumption smaller than 1.
3.  Thanks for adding the note5, but we should still clarify that all the values in the table is the power consumption for LP-WUS monitoring based on the following agreement. Therefore, Note 5 should be updated with the green revisions to “Note5: the power consumption value of LP-WUR ON is for LP-WUS monitoring, and Up to companies to report whether same or different values with justifications are assumed for WUS monitoring and time/frequency synchronization.
	Agreement
-        The following power model for LP-WUR/WUS evaluation is considered,
o    Relative power unit for LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring:
o    [0.001]
o    Relative power unit for LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 
o    [0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4]
o    Other values are not precluded to be evaluated.
o    FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
…….


4.  for the bullet “For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; For WUR Off value Y, option 1,2,3,4 can be assumed.”: a) option 1/2 and option 3/4 should be separated listed, considering they have very different assumption of frequency error and drift. E.g. if Y=0.1, it is sure that option 1/2 can be used because 0.1 is the same as power value of ON state, where option 1/2 can be used. B) For the detailed value of Y, if we just have examples in square brackets, we prefer to keep it as FFS .
Apple
OK in principle.
On “10/20/30 for LP-WUR ON power state are used for OFDM receiver”, I assume the intention is to say these values are not to be used for other receiver types. But it may be misunderstood as OFDM receiver can only take these values. Suggestion:
“10/20/30 for LP-WUR ON power state are not applicable to the receiver architectures for MC-OOK and MC-FSK.”
For the highlighted note on oscillator, is the intention to say that “For WUR Off value 0.001, oscillator is assumed to be not running and only RTC is maintained”?
 
MTK: Agree to add 0.2 considering we have proposed an OOK-OFDMA hybrid receiver with a power of 0.225.
 
 
Nokia: In principle fine, but noting that, if Proposal 1D-2-v2 is agreed, should be accounted in this.
 
HW&HiSi#2 on Proposal 1C-2-v4
 
1.  On the updated wording regarding the power value of  “10/20/30”, the current wording is still not clear enough from our point of view. we would be fine with Apple’s proposal with some revision: “10/20/30 for LP-WUR ON power state are not applicable to the receiver architectures of envelope detection for MC-OOK and MC-FSK.”
ZTE/Sanechips
We are fine and think 10/20/30 is only applied for OFDM based receiver.
                                                     
It is not true that the OFDM receiver can use other relative power, e.g., 1. If it is possible, please clarify how to achieve this.
 
ZTE, Sanechips: We think 10/20/30 for OFDM based receiver should be kept. If 9.11.2 discuss the relatibe power for each architecture, the agreement in 9.11.1 also can be the reference. Some further clarification is clarified in the draft folder document.
 
MTK2: We wonder why 10/20/30 cannot be used for MC-OOK and MC-FSK. It should be the opposite that “at least 0.01/0.05/0.1 cannot be used for OFDM receivers.”
 
QC: We think it is not good having hard restriction for power numbers and receiver types. We propose to remove as follows.
[o 10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
On Note 4, we are fine to add one more values. For simplicity, we propose to add one value with following clarification.
0.001:  Only RTC is running during sleep. But, any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power.
[0.005]:   Option 1,2,3,4 can be assumed (always on LO).
 
 
Apple2 (on v4)
OK in principle.
It appears that the sub-bullet in bracket or any proposed modification is still controversial. In this case, we would suggest removing it. We do not think it adds much value at this point. The power consumption will be discussed in 9.11.2 anyway.
On note 4, we can be fine with it. But want to confirm if our understanding is correct: for WUR Off value 0.001, oscillator/FLL/PLL is assumed to be not running. So when WUR wakes up, it starts from the maximum frequency offset?
 
Xiaomi:  OK in principle. For WUR ON value, we do not think that restrictions are necessary for 10/20/30 and these restrictions can be reported by companies as additional assumptions.
 
HW&HiSi#3 on Proposal 1C-2-v4:
@FL2, our previous comments is 10/20/30 is NOT applicable to envelope detection of OOK/FSK. But it seems companies cannot align with the bullet of “10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel, For other values, the mapping between power value and receiver type are FFS]”. We prefer to remove it as suggested by Qualcomm and Apple. Agree with Apple that the power consumption mapping shall be discussed anyway in 9.11.2.
 
Ericsson2 (on v5): Prefer QC suggested updates to Note 4. As mentioned earlier, power mapping to different LP-WUR architectures can be done after there more convergence in 9.13.2  agenda item.
 
 
QC (on V5): As pointed out by Eicsson2, We think hard restriction is not necessary and boundary/mapping between is arbitrary at this stage. Instead, we prefer to have qualitative description/comparison of power consumption values across different receiver types.
o    Alt1:10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    Alt2: 10/20/30 for LP-WUR ON power state are not used for receiver types for MC-ASK and MC-FSK, 
o    For other values, the mapping between power value and receiver type are FFS
 
 vivo2: 
Regarding the values 10/20/30, we think the justification to add them on is that receivers for OFDMA signals/channels have been agreed in the last meeting. We don’t see the any justification of these values for envelop detection for MC-ASK and MC-FSK. We are ok with either alt 1 or alt2, but we don’t agree to add 10/20/30 arbitrarily without solid justification. 
For the other values, we are ok to discuss further the mapping between power value and receiver type.
 
HW&HiSi#4：
In Alt.2, it should be “Alt2: 10/20/30 for LP-WUR ON power state are not used for receiver types based on envelope detection for MC-ASK and MC-FSK”, because we can be sure that envelope detection shall not have this high value. But maybe the receiver type with 10/20/30 can have a way to detect MC-ASK and CM-FSK. 
However, our first preference is remove the purple part considering there are too many misalignment here. it is better to be discussed in detail in AI 9.13.2.
 
Intel: 
We are OK for the bullet on relative power 10/20/30. 
On Note4, option 3/4 may be only applicable when both conditions of off power and on power are met. We prefer the following update to align with 1A-4-v3. The first two sub-bullets are fine
o     For WUR Off value >= Y2, option 3,4 can be assumed when the condition on LR on value if agreed is also met. FFS: Y2 and whether Y1=Y2 or not
 
 
Apple3 (on v6)
We can be fine with purple text, and we are also fine with removing purple text completely, as this discussion is overlapping with the discussion under AI 9.11.2.
A clarification question: is it correct that Y value is applicable to any type of receivers, if the receiver intends to keep LO/FLL/PLL running during WUR off?
We think the highlighted yellow text related to option 1/2/3/4 should be removed from this proposal because it is related to the oscillator and covered in the next proposal, so that we do not have two places discussing the same issue.
 
Samsung:
1) We prefer to remove purple text as suggested by other companies. We think that there is no sufficient discussion in 9.11.2 yet to provide information for mapping from power values to LR architecture.
Proper power value not only for OFDM receiver but MC-OOK/FSK receiver can be provided together after discussion in 9.11.2. Therefore, it is enough to keep the second FFS without purple text.
2) In the table, a column for transition energy can be updated according to the agreement from the last online GTW session. Transition energy→Additional transition energy, and [TLR, ramp-up *(PON+POFF)/2]→[TLR, ramp-up *(PON-POFF)/2].
3) We also think that we can remove the overlapped information in proposal #8 and #10. Note 4 in proposal #8 and Table (+Note 2) are partially overlapped. The mapping between the oscillator state and power value can be handled in proposal #10, not proposal #8.
 
vivo3:  We prefer to keep either Alt 1 or Alt 2 in purple, as it provides justification on why we add 10/20/30 in this meeting. HW’s modification on Alt 2 is ok to us.
We fully agree we can further discuss the mapping between the set of  power values to LR receiver architecture types as indicated by the last purple bullet, however, what we discuss here is to add new values 10/20/30, and solid justification is needed. 
If companies hesitate to add alt 1 or alt 2 here for providing justification, we suggest not to add 10/20/30 and leave the discussion to next meeting.  
 
MTK3
1.       Architecture mapping can be done in AI 9.11.2, where recommendations about relative power and noise figure will be discussed properly. No need to consider any mapping/limitation here. We suggest removing 10/20/30 for LP-WUR ON power state are not specializedused for receiver types based on envelope detection for MC-ASK and MC-FSK,
2.       Why Y1/Y2. If more options are needed, it is sufficient to say FFS: other values
 
 
vivo 4:
       For alt 2, we prefer the previous version ‘10/20/30 for LP-WUR ON power state are not used for receiver types based on envelope detection for MC-ASK and MC-FSK’, we think it is good enough to not preclude the case that the receiver type with 10/20/30 can have a way to detect MC-ASK and MC-FSK.  Furthermore, when we look at the relative power values for OFDM receiver proposed by companies in this meeting,, 10, 20, 40 are typically proposed, that’s why we add 10/20/30 here. We insist  alt 1 or alt 2 is needed to provide the justification for adding 10/20/30. 
       For Y1, Y2, we share similar view with HW that the 2nd and 3rd bullet in note 4 should be kept to provide illustration, however, for the values of Y1 and Y2, we prefer to discuss them further by considering detailed hardware accuracy and performance requirement. Therefore, we suggest to delete the examples, [FFS value of Y1, Y2 e.g., 0.1, 0.01, 0.005]
CATT –
Since we don’t have agreement on the power model of OFDM receiver, we should reuse the power model of sequence detection (e.g., CSI-RS with value 100) in Rel-16 TR38.840.   Similarly, the power model and transition time for the off state of LP-WUR for OFDM waveform should reuse the deep sleep power model before we agree on the power model of OFDM waveform.  
Please adding the following values with note 
         Off – value [1] is used for OFDM receiver
         ON – value [100] is used for OFDM receiver 
 
Apple4 (on v7)
If Alt is to be kept, “specialized” is a confusing term. We would prefer the previous wording, or removing it completely. On vivo’s comments, we do not necessarily need to capture all the justifications in the agreements. We did not provide any justification when agreeing to the earlier set of power values either. The mapping will need to be done anyway, and there is no way around it. Maybe it is a bit unnecessary concern in my view.
On the Y1, Y2, originally Y1, Y2 were included in the brackets, but now only Y2 is in the brackets. Maybe a typo here?
If we are not providing any description for Y1 and Y2 here, it may be better not to differentiate here, and if needed, details can be added in the next proposal.
Suggestion: “0.001/ [Y, FFS value(s) of Y]”
 
 
QC on v7:
We think the evaluation methodology should allow wide range of power numbers which we can freely evaluate regardless of choice of receiver architectures. The range should be wide enough to cover all the receiver types in study and the allowed set of values within the range should be limited to reduce required evaluation workload and allow easy comparison across data points from different companies. 
The mapping from specific values to certain receiver types are second issue, probably could be done in 9.11.2. We think 9.11.1 should provide evaluation methodology only so that companies can freely evaluate various values, rather than enforcing certain type of mapping.
Therefore, we think the purple text are not necessary in this sense. Please remove all purple text other than last FFS.
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
o    Alt1:10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    Alt2: 10/20/30 for LP-WUR ON power state are not specializedused for receiver types based on envelope detection for MC-ASK and MC-FSK, 
o     The mapping between power values and receiver type are FFS in 9.11.2. 
 
For Off power, we can simply as follows. Please remove Y1, Y2, etc.. given that Note 4 is now removed.
0.001/ FFS e.g., 0.005, 0.01
 
	FL1:
 
@Ericsson, Apple, Huawei, clearly the intension of adding 10/20/30 is for OFDM receiver for MC-OOK/FSK. However to move forward, FL add [] for the sub-bullet. And add FFS for other values. 
 
@Huawei,
(1) added 0.2
(3) no need to say the WUR ON power is only for monitoring, the T/F sync power value can be picked up from these values and reported by companies if they use different values.
(4) Make sense. Suggest separate bullet for option 1/2 and 3/4. Please check v4
 
 
FL2:
@MTK, the value 0.2 is already in V4
@Nokia, OK
@Huawei, not sure which is not clear. Are you going to suggest 10/20/30 for OOK/FSK? I don’t see any intension to do so.
By adding the setence ‘For other values, the mapping between power value and receiver type are FFS’, for the rest of other values 0.01/0.05/0.1/0.2/0.5/1/2/4, I is still open to discuss the mapping.. if you have any concerns, I think we can consider to remove the [].
 
FL doesn’t change anything  in the previous v4.
 
FL3:
Again, I would like to note that the intension we discuss to add 10/20/30 is because in the last meeting we agree to study OFDM receiver. It make no sense to add 10/20/30 for any OOK/FSK based on my observation from contributions or practical usage.
So as a matter of fact, I do not see any wrong if 10/20/30 is for OFDM receiver. If people really wants to discuss whether 10/20/30 is for OFDM receiver or can be applicable for OOK/FSK for evaluation in 9.11.2, I can remove 10/20/30 now and wait until discussion in 9.11.2 to finalize. As the FL, I would like to move us forward instead of waiting for the next meeting(the last second meeting for SI in RAN1). In V5, I listed two Alternatives for 10/20/30 and let’s see which one is preferred by companies. Please companies be constructive and practical.
 
 
@Apple2, My understanding is same with you. for WUR Off value 0.001, oscillator/FLL/PLL is assumed to be not running. So when WUR wakes up, it starts from the maximum frequency offset. 
I updated note4 to address your comment
 
@Qualcomm, I also add FFS for whether Y1=Y2 or not to address your another comment
 
 
Please see [H] Proposal 1C-2-v5
 
FL6
Two comments are addressed.
1.       Regarding Note 4, 
For LP-WUR OFF 0.001, modified according to Qualcomm’s suggestion (also preferred by E///)
For LP-WUR OFF Y, Qualcomm’s revision (one Y value) and Huawei’s revision (two Y value) are different. And the Y value are quite divergent. So FL suggest to keep the current text which are open for the number of Y and its value . 
 
(2)Regarding Alt1/2, based on the suggestion from Xiaolei’s revision on Alt 2. FL provide the compromise proposal V6
 
Please see [H] Proposal 1C-2-v6
 
FL7
@Apple3, Yes, Y value is applicable to any type of receivers
@Apple3, Huawei, 
 
Would it be OK to move the sub-bullets of note4 in proposal#8 to proposal#10. 
Sub-bullet 1 of note 4 has been addressed by note1 in proposal#10
Sub-bullet 2 and 3, I modified 0.001/ Y1/ [Y2], [FFS value of Y1, Y2 is e.g., 0.1, 0.01, 0.005], and option 3/4 part are moved to proposal #10 note 2
-         Note4:
o    For LP-WUR Off value 0.001, oscillator option 1, 2, 3, 4 and /FLL/PLL are not assumed and only RTC is maintained;Only RTC is running during sleep. Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power.
o     For WUR Off value >= Y1, option 1,2 can be assumed. FFS: Y1
o     For WUR Off value >= Y2, option 3,4 can be assumed. FFS: Y2 and whether Y1=Y2 or not
 
Based on that, please see FL7 and corresponding updated proposals.
 
I modified the following part 
 
	Off[1]
	0.001/ Y1/ [Y2], [FFS value of Y1, Y2 is e.g., 0.1, 0.01, 0.005]


 
@ Samsung, vivo
To compromise and proceed, I suggest the Alt 2 with the following changes, hope this is acceptable.
I don’t think open another discussion for 10/20/30 specialized for envelope detector is necessary (in the contribution not mentioned at least). The reason we’re here discussing 10/20/30 is because we agree to study OFDM receiver last meeting. Otherwise, we may not need to discuss 10/20/30 at all.
 
10/20/30 for LP-WUR ON power state are not specializedused for receiver types based on envelope detection for MC-ASK and MC-FSK, 
 
Please see Proposal 1C-2-v7
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	[H] Proposals 1A-4-v2:
Confirm the WA for the followings
Working Assumption
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm]
	20


•    Note1. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain for receiving LP-WUS
•    Company to report how to use the clocks for LR on/off states
-        The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state.
-        For Option 3/4,
  FFS applicability when LP-WUR ON power is less than[TBD] power unit
  FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state, 
  e.g., option 3/4 is not applicable
  when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or,
  when LR monitoring power less than [TBD] power unit,
  Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
-        If MR is in other state than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
  assumptions important for achieving performance by using MR clock for LR should be declared
  Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
· Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal,
  The following are examples for consideration, other approaches are not precluded,
  Model 1:
· The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
· When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
· T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
· FFS: Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm).
  Model 2: random frequency drifting, FFS details
· Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal,
  The following are examples for consideration, other approaches are not precluded,
  Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
· The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
· The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
· The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]
<image002.png>
· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach
· FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr
  Model 2: random time drifting, FFS details
· FFS: Phase noise model
 
 
[H] Proposal 1A-4-v3
Confirm the WA for the followings and update as follows
Working Assumption
•    For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm], 
RTC frequency drift [ppm/s]
	(20 , FFS:[0.1])


•     Note1. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain for receiving LP-WUS
•    Company to report how to use the clocks for LR on/off states
-         The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
-         For Option 3/4, 
  FFS applicability when LP-WUR ON power is less than[TBD] power unit
  FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state, 
  e.g., option 3/4 is not applicable
  when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or, 
  when LR monitoring power less than [TBD] power unit, 
  Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
-         If MR is in other state than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
  assumptions important for achieving performance by using MR clock for LR should be declared 
  Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
•    Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal, 
  The following are examples for consideration, other approaches are not precluded,
  Model 1:
•    The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
•    When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
•    T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
•    FFS: Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm).
  Model 2: random frequency drifting, FFS details
•    Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal, 
  The following are examples for consideration, other approaches are not precluded,
  Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
•    The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
•    The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
•    The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]
<image003.png>
•    T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
•    FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr
  Model 2: random time drifting, FFS details
•    FFS: Phase noise model
•    The following usage of the clock is assumed for LP-WUR OFF/ON
	LP-WUR OFF power
	Assumptions

	0.001
	When LP-WUR OFF
-         Time offset cumulated in the off period cannot be calculated by option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR switches to ON
-         Frequency offset calculation follows option 1/2 and option 3/4[Note2](first value in the value pair). 

	Y
-         value(s) are TBD
	For both LP-WUR OFF and ON
-         Time offset cumulated in the off period can be calculated by option 1/2 and option 3/4[Note2]. RTC can be used too. 
-         Frequency offset calculation follows option 1/2 and option 3/4[Note2](cumulating the second value in the value pair until reaching maximum). 


 
Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power
Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=[TBD2]
Note3. The clock error (of both RTC and LO) could be improved beyond less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.
 
[H] Proposal 1A-4-v4
Confirm the WA for the followings and update as follows
Working Assumption
•    For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm], 
RTC frequency drift [ppm/s]
	(20 , FFS:[0.1])


•     Note1. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain for receiving LP-WUS
•    Company to report how to use the clocks for LR on/off states 
-         The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
-         For Option 3/4, 
  FFS applicability when LP-WUR ON power is less than[TBD] power unit
  FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state, 
  e.g., option 3/4 is not applicable
  when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or, 
  when LR monitoring power less than [TBD] power unit, 
  Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
-         If MR is in other state than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
  assumptions important for achieving performance by using MR clock for LR should be declared 
  Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
•    Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal, 
  The following are examples for consideration, other approaches are not precluded,
  Model 1:
•    The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
•    When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
•    T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
•    FFS: Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm).
  Model 2: random frequency drifting, FFS details
•    Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal, 
  The following are examples for consideration, other approaches are not precluded,
  Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
•    The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
•    The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
•    The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]
<image003.png>
•    T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
•    FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr
  Model 2: random time drifting, FFS details
•    FFS: Phase noise model
•    Working assumption: The following is example for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
-          Time offset cumulated in the off period cannot be calculated based on the parameter of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When at the time point LP-WUR switches from OFF to ON
-          Frequency offset calculation can follow the parameter of the oscillator option 1/2 and option 3/4[Note2] (first value in the value pair). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
-          Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration
When LP-WUR is ON:
-         Frequency offset and time offset calculation can follow the parameter of the oscillator option 1/2 and option 3/4[Note2] (cumulating based on the second value in the value pair and not exceed maximum frequency error)

	Y
-         value(s) are TBD
 
>0.001
	For both LP-WUR OFF and ON
-          Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 and or option 3/4[Note2]. RTC can be used too. 
-          Frequency offset calculation can follow the parameter of the oscillator option 1/2 and or option 3/4[Note2] (cumulating based on the second value in the value pair until reaching maximum and not exceed maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
-         Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


 
Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power
[Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2]
Note3. The clock error (of both RTC and LO) could be improved beyond less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.
	Intel: the sub-bullet ‘for Option 3/4’in the second bullet has overlap with Note4 in Proposal 1C-2-v3. It is better to have a single proposal
 
Ericsson: Following part should be deleted if confirming the WA given inputs provided to this meeting regarding clock power consumption. i.e., as follows
-         For Option 3/4,
  FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state, 
  e.g., option 3/4 is not applicable
  when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or,
  when LR monitoring power less than [TBD]power unit, 
 
MTK: Using Oscillator error to model CFO is not enough. To maintain stable frequency output, at least FLL/PLL cannot be turned off, which is power-consuming. Suggest adding a note below.
option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies
Note. At least FLL/PLL cannot be turned off for LR to support options 1/2/3/4.
 
Nokia: A question for clarification, that for RTC case we should assume always random offset at 20ppm range upon LR wake-up?
 
 Samsung: According to the proposal #8, some options for oscillator cannot be assumed for WUR off-state. In our understanding, it means that oscillator is turned off and frequency drift of oscillator cannot be used for calculation of time/frequency error such as Model 1 in the proposal #10. Therefore,  we suggest to add Note for clarification, “Note: assumption for frequency drift cannot be used when the oscillator is assumed to be turned off”
 
QC: We are find removing red FFS related to option 3 and 4.
 
Apple: we are getting a bit confused on how it works. Assuming the LR OFF power of 0.001, do we assume oscillator is still running, just FLL/PLL are turned off? I think everything should be turned off, except for the RTC. In this case, what happens when the LR is turned on again? Maximum frequency offset should be assumed? Then the drifting model does not apply any more.
 
QC: We think t/f drifting model will apply to RTC clock. Depending on design, LO could be always on or shutdown during sleep duration. The FLL/PLL could start when LP-WUR wakes up to ON duration. The power of LO/PLL/FLL should be already included in LP-WUR On power.
 
Intel: considering 1C-2 and 1A-4 jointly, we think it ends up behaviors of 4 combinations in the following table. We add our current understanding in the table now. 
 
	 
	On power < [TBD]
	On power >= [TBD]

	Off power 0.001
	         Time offset cumulated in the off period cannot be calculated by option 1/2/3/4. RTC should be used
         Frequency offset when LP-WUS switches to on follows option 1/2 (first value in the value pair). FFS option 3/4
	         Time offset cumulated in the off period cannot be calculated by option 1/2/3/4. RTC should be used
         Frequency offset when LP-WUS switches to on follows option 1/2/3/4 (first value in the value pair).

	Off power Y (e.g., Y>=0.1 or 0.01)
	         Time offset cumulated in the off period can be calculated by option 1/2. RTC can be used too [*1]. FFS option 3/4. 
         Frequency offset when LP-WUS switches to on follows option 1/2 (cumulating the second value in the value pair). FFS option 3/4
	         Time offset cumulated in the off period can be calculated by option 1/2/3/4. RTC can be used too. [*2]
         Frequency offset when LP-WUS switches to on follows option 1/2/3/4 (cumulating the second value in the value pair).


*1: since RTC is better, so RTC can be used by UE
*2: up to UE to select a better way, the accuracy is option 3/4 < RTC < option 1/2
 
Ericsson2: “FFS applicability when LP-WUR ON power is less than[TBD] power unit” and the other note on FLL/PLL are not needed. The architecture agenda item already covers clock accuracy vs. power consumption study.
 
QC : We think Note 1 is not sufficient. We suggest to remove Note 1 or add additional Note 2 and 3 w/ following modification.
[ Note1. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain always on for when monitoring receiving LP-WUS. (Always on monitoring)
Note2. FLL/PLL could be turned on only when LP-WUR is on for LP-WUS monitoring (duty cycled monitorig). 
Note3. The clock error (of both RTC and LO) could be improved beyond max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.]
 
For completeness of model, we suggest to add drift of 0.1(ppm/sec) for RTC
RTC max frequency error [ppm]: (20, 0.1)
 
Samsung2: We have a similar question with Apple. We want to know and clarify how to calculate time/frequency error model for duty-cycle based LP-WUS monitoring when oscillator/FLL/PLL can be turned off during LR off-state.
 
Apple2: 
QC’s proposal on adding drift for RTC seems to make sense, to cover the cases where the LO is off.
But I am still not sure that I completely understand the model. Intel’s table seems to be a good starting point for clarification.
Our preference would be not to confirm the WA before understanding these details.
 
Intel: 
Thanks moderator adding the new last bullet. We are generally fine with it. some clarification questions
-         Not sure to how to understand ‘additional’ LO/FLL/PLL. Is it for the following two cases, 1) LO/FLL/PLL is off in LR off state and 2) a different/better LO/FLL/PLL is switched on in LR on state?
-         Is there a case for LR that LO is still on, but FLL/PLL is off? Not sure if we miss some part of Note2 in QC’s reply. If there is such case, can we assume same value pair (frequency error, frequency drift) in option 1/2/3/4 for 1) LO is on + FLL/PLL is off, and 2) LO/FLL/PLL are all on ？
 
Apple3: (on v3)
I wonder if time offset should always follow the RTC, even if the oscillator/FLL/PLL is running? I thought RTC is used to control the timing, and the oscillator control the frequency. Of course RTC can also have timing correction after receiving sync signal, and then it drifts until receiving the next sync signal.
 
HW&HiSi#5 on Proposal 1A-4-v3：
1.       We think the following condition of “When LP-WUR switches to ON” is not clear. Only at the time point when LP-WUR switches from off to on, the frequency error is based on the first value in the value pair. When LP-WUR is on after synchronization with either LS-SS or SSB or assist from the MR, the frequency error is the Fr cited in the agreed formula “Fd (ppm)=ΔF (ppm) +Fr(ppm)”, which is the residual frequency error.
	When LP-WUR switches to ON
Frequency offset calculation follows option 1/2 and option 3/4[Note2] (first value in the value pair).


2.       If we want to list all cases, we should also list the case when LP-WUR is on.
3.       The claim of “(cumulating the second value in the value pair until reaching maximum)” in the second row of the table is not accurate. LP-WUR can use LP-SS or SSB to synchronize and not necessarily reaching maximum frequency offset. 
4.       I added also time error in some place of the table.
5.       Why we restrict the sentence of “For both LP-WUR OFF and ON, Time offset cumulated in the off period can be calculated by option 1/2 and option 3/4[Note2]. RTC can be used too.” to off period only, the timing error in ON state should be also taken into account considering the frequency is not accurate and therefore the sampling is not accurate.
6.       Regarding Note2: “Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=[TBD2]”, is there some typo here? There are two values compared with one TBD2 value.
7.       There are Y1/Y2 in proposal 8, so the table should be also updated accordingly, e.g. change “option 1/2 and option 3/4” or “option 1/2 or option 3/4” depending on the value of Y.
I am not sure whether it is good idea to try to list all the cases within this short time email discussion, but I tried to make some revisions as below:
 
•    The following usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
-          Time offset cumulated in the off period cannot be calculated by option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When at the time point LP-WUR switches from OFF to ON
-          Frequency offset calculation follows option 1/2 and option 3/4[Note2](first value in the value pair). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
-          Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration
When LP-WUR is ON:
-          Frequency offset and time offset calculation follow option 1/2 and option 3/4[Note2] (cumulating based on the second value in the value pair)

	Y1 or Y2
-          value(s) are TBD
	For both LP-WUR OFF and ON
-          Time offset cumulated in the off period can be calculated by option 1/2 and or option 3/4[Note2]. RTC can be used too. 
-          Frequency offset calculation follows option 1/2 and or option 3/4[Note2] (cumulating based on the second value in the value pair until reaching maximum). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
-          Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration

	 
	 

	 
	 


 
Samsung:
1) We think that the last table for the usage of the clock can be assumed as one example for LP-WUR OFF/ON given various implementations are possible. So, we suggest the following revision, “As one example, Tthe following usage of the clock can be isassumed for LP-WUR OFF/ON“. 
Also, we want to suggest some wording change in the table as follows:
	LP-WUR OFF power
	Assumptions

	0.001
	When LP-WUR OFF
-         Time offset cumulated in the off period cannot be calculated bybased on the parameter of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR switches to ON
-         Frequency offset calculation can follows the parameter of the oscillator option 1/2 and option 3/4[Note2] (first value in the value pair). (cumulating frequency drift the second value in the value pairuntil reaching maximum frequency error).

	Y
-         value(s) are TBD
	For both LP-WUR OFF and ON
-         Time offset cumulated in the off period can be calculated based on the parameter of the oscillator by option 1/2 and option 3/4[Note2]. RTC can be used too. 
-         Frequency offset calculation can follows the parameter of the oscillator option 1/2 and option 3/4[Note2] (cumulating frequency drift the second value in the value pair until reaching maximumfrequency error). 


Otherwise, we are not sure whether Note1/3 are necessary.
2) We are not sure that we can align the understanding on the clock error modeling for oscillator off duration within the limited discussion time. So we prefer to keep it as working assumption and continue discussion based on the given table in the next meeting if it is hard to align company’s view.
 
MTK2: For the case of LP-WUR OFF power > 0.001, we cannot justify clock assumption given a relative power range. For example, what the assumption should be for LP-WUR OFF power = 0.0011. we suggest considering the case of 0.001 only.
 
vivo 4: regarding the LP-WUR OFF power > 0.001, we think a rough range may not help, we prefer to change back to ‘value(s) are TBD’ and discuss the values later as in proposal 8.
 
CATT:
The frequency drift is derived from  frequency stability and clock rate, which is at least the sampling rate as follows, <image006.png>.   We don’t think that we need to have the frequency drift value in the evaluation assumption when we have defined the frequency stability in ppm.  We need to define the clock frequency, e.g., 4 GHz, instead.  
 
Apple4 (on v4):
We are fine with the overall direction, but prefer to keep the entire proposal as the WA instead of just the example, as companies are still exploring how to evaluate. Also, it seems rather strange to have a WA on an example.
We also wonder if the description can be improved a bit more for clarify (see below for some suggestions). What seems to be missing is the initial assumption for time offset when WUR switches on for OFF power of 0.001. Does it follow RTC or use the max freq error of the oscillator? If it follows the max freq, it can be quite large. But it seems also strange to use RTC if the subsequent tracking is done based on the oscillator.
We think the notation of Y is still needed to connect it to the previous proposal.
We wonder if Note 1 is for the first case with OFF power of 0.001, where LO/FLL/PLL is assumed to be not running in OFF state. Should clarify.
We also suggested some changes to Note2 to capture the discussion related to Y1 and Y2 in the previous proposal.
Maybe Note3 is no longer needed?
 
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
-         Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
 
When LP-WUR is ON
-         The initial frequency offset when LP-WUR switches on can be set to the maximum frequency error following the parameters of the oscillator option 1/2/3/4[Note2].
-         During the ON duration, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4 (cumulating based on the frequency drift and not exceed maximum frequency error)
-         When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.
 



	FL1:
@Intel, @Ericsson, removing ‘for option 3/4…’ But the last sub-bullet is related to whether Oscillator option 3/4 is applicable for WUR ON power. It is not covered in Proposal 1C-2. FL suggest to keep it
 
 
FL2
@MTK, the added note is not clear since some ED detector doesn’t need to have PLL/FLL?
 But I understand your intension, perhaps we can modified a bit saying
 
Note. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain for receiving LP-WUS
 
@Samsung, I think what you proposed is relavant to the [H] Proposal 1C-2-v4. For example, if the WUR OFF is 0.001, the frequency drifting is not assumed to be used for calculating time/frequency error. 
We can solve this in that proposal or later. Since the value Y in H] Proposal 1C-2-v4is not yet done.
 
Now changed to [H] Proposals 1A-4-v2
 
FL4
Thanks Intel for the summary,  As suggested also by Apple, maybe we need more clarification. Therefore I suggest to take it for further discussion, e.g., 
-         start from Intel’s table for further clarification. 
-         Also discussing Qualcomm’s RTC assumption for adding drifting 0.1ppm/s
 
FL6
@Qualcomm, revised RTC (20,FFS:0.1) according to Qualcomm’s suggestion. Companies please consider and provide comments.
 
@Intel, Thanks Intel for the clarification. Basically it’s true proposal1C-2 and 1A-4 can be discussed jointly.
 
I provide a version including note4 in proposal1C-2 if companies are OK to discuss here.
 
Also I added some clarification.
-         Note 1 and 3 is suggested from Qualcomm. 
-         Note 2 is following the principle as in Proposal#8(Note4), i.e., option 3/4 is assumed when power is larger than a value
 
Please see [H] Proposal 1A-4-v3
 
FL7
@Apple3, my understanding is that time offset is not  follow the RTC if the oscillator/FLL/PLL is running. 
When WUR OFF is Y, Time offset cumulated in the off period can be calculated by option 1/2 and option 3/4[Note2]. RTC can be used too. 
 
@Huawei3, 
1.       I agree. the reason I didn’t capture the related cases for residual frequency is because we have agree that in another agreement. But I would be fine to your revision if no one against.
2.       OK to add
3.       The original intension ‘until reaching maximum’ is to be assistant to ‘When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error’
4.       Ok
5.       OK
6.       Modified according to your comment (6) and (7)
@Samsung,
Fine to make it example and WA
Regarding the comments to Note2, my observation is that it is related to the following assumptions,
-         Assumption 1: 5ppm/10ppm(option3/4) and 50ppm/200pm(option1/2) has same minimum required power 
-         Assumption 2：5ppm/10ppm(option3/4) and 50ppm/200pm(option1/2) has different minimum required power
Different companies may have different opinions so far as I observed. Maybe we can keep note2 in [] now and further come back in the next meeting.
 
@All,
Merged the change from Huawei and Samsung,
 
Please see [H] Proposal 1A-4-v4


 



	#
	Proposals
	Companies comments
	FL comments

	1
	Proposal 1D-1-v1:
Update as followings for the e-DRX paging probability
Note:
-         For i-DRX with cycle duration Y second,
o    Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
-         For e-DRX with K i-DRX cycles duration, PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
o    Per UE paging probability is
  RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF for the first i-DRX cycle within the PTW
  RE = 1 – (1 – RE, REF )Y/YREF for each of the remaining L-1 i-DRX cycles within the PTW
o    L=4
 
	 
	FL: This proposal was sent in the email last Friday.

	2
	[M] Proposal 1D-2-v2:
Update the additional transition energy from [TLR, ramp-up *(PON+POFF)/2] to [TLR, ramp-up *(PON-POFF)/2] for LP-WUR power model.
-         Note: this assumes the power consumption during the transition time is sum of additional transition energy and LP-WUR OFF energy, e.g., similar definition as the additional transition energy in TR38.840
 
	 
	FL: This one is sent in the email last Friday.

	3
	[M] Proposals 2C-v3(after Friday offline):
RAN1 further consider the design of strives to design LP-WUS to have a similar coverage as NR channel X. The NR channel X is
-         Option 1: PDCCH for broadcast
-         Option 2: PUSCH, 
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-         FFS other options
-         The final design will jointly consider the coverage target with other KPI
 
 
[M] Proposals 2C-v4:
RAN1 further study the designs/techniques consider the design of LP-WUS to have a similar coverage as NR channel X. The NR channel X is
-        Coverage option #1: PDCCH for broadcast paging
-        Coverage option #2: PUSCH, 
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-        FFS other options
-        The final design will jointly consider the coverage target with other KPIs
 
[M] Proposals 2C-v5:
RAN1 further study the designs/techniques of LP-WUS to have a similar comparable coverage as NR channel X. The NR channel X is
-        Coverage option #1: PDCCH for paging
-        Coverage option #2: PUSCH, 
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-        FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
-        The final design will jointly consider the coverage with other KPIs
 
 [M] Proposals 2C-v6:
RAN1 further study the designs [target]/techniques of LP-WUS to have a  comparable coverage as NR channel X. The NR channel X is
-        Coverage option #1: PDCCH for paging
-        Coverage option #2: PUSCH, 
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-        FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
-        The final design will jointly consider the coverage with other KPIs
-        FFS additional detail assumptions for NR channels
 
[M] Proposals 2C-v7:
RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
-        Option #1: PDCCH for paging
-        Option #2: PUSCH, 
o    FFS PUSCH for data with data rate defined in the coverage SI or PUSCH for message3
-        FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
-        The final design will jointly consider the coverage with other KPIs
-        FFS additional detail assumptions for NR channels,  e.g., the date rate for PUSCH, the message size for MSG3 and etc.
	Ericsson: Not OK. LP-WUS impacts paging PDCCH and so RAN1 should consider designs that can match paging PDCCH coverage. We do not follow why LP-WUS designs that aim to have significantly worse coverage than PDCCH for paging should be considered. If companies want to study trade-offs, we are OK with below formulation.
 
RAN1 to further consider study the design ofstrives to design LP-WUS to have a similar coverage as NR channel X. The NR channel X is
-         Option 1: PDCCH for paging broadcast
-         Option 2: PUSCH for msg3, 
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-         FFS other options
-         The final design will jointly consider the coverage target with other KPIs
 
Huawei, HiSilicon: as we commented during the offline, two targets could be even considered as compromise to move forward, i.e. the study item identifies techniques of LP-WUS to have a similar coverage with the two targets. Some revisions are suggested in green:
RAN1 further consider the design/techniques of strives to design LP-WUS to have a similar coverage as NR channel X. The NR channel X is
-        Option Target#1: PDCCH for broadcast
-        Option Target#2: PUSCH,
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-        FFS other options
The final design will jointly consider the coverage target with other KPI
 
MTK: Based on companies’ results, at least one NR channel’s coverage can be achieved. We wonder whether RAN1 can confirm at least PUSCH (FFS: msg3) can be achieved.
 
HW&HiSi#2 on Proposals 2C-v4
We noticed that all “targets” are removed from the proposal. So the proposal now means just two coverage options that may or may not be achieved? And there is no coverage target?
 
We think it would be better to have the coverage target and at least we share the same view with MTK that the PUSCH coverage target should be able to be achieved. To further achieve the coverage target of PDCCH, the SI should identify the potential techniques so that the group can evaluate the tradeoff between the coverage and the cost/complexity/resource etc.
 
-        Coverage target option#1: PDCCH for broadcast paging
-        Coverage target option#2: PUSCH, 
Spreadtrum: Support to keep “target”. Support to have two options. We do care about system overhead and NES, but also care about the application/commercialization of LP-WUR (which means LP-WUS cannot have too much limitation on use cases, otherwise it will not be deployed in realistic)…
ZTE, Sanechips: After the UE receive the LP-WUS, the UE need to wake up to receive the PDCCH and start the RACH procedure. If the LP-WUS has similar performance with PUSCH and can complete the RACH procedure perfectly, we do not think the LP-WUS coverage should be matched with PDCCH. Additionally, we have some suggestion and modification for the proposal, which is uploaded in the draft folder.
ZTE, Sanechips: We would like to suggest to change ‘similar’ as ‘comparable’, since if we use ‘similar’, then we should have a similar coverage performance with one of the NR channel, instead of a medium coverage performance between two NR channels.
Additionally, a FFS is added to address CATT’s concern.
RAN1 further consider the design of strives to design LP-WUS to have asimilar comparable coverage as NR channel X. The NR channel X is
-       Option 1: PDCCH for broadcast
-       Option 2: PUSCH, 
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-       Option3: Option1+Option2 (better than PUSCH, worse than PDCCH)
-       FFS other options
-       The final design will jointly consider the coverage target with other KPI
-       FFS the details assumption for NR channels
 
MTK2: It can be beneficial to RAN2 if RAN1 can confirm at least PUSCH can be achieved and PDCCH needs further study.
[M] Proposals 2C-v4:
At least PUSCH (FFS: msg3) can be achieved, RAN1 further studies the designs/techniques and consider the design of LP-WUS to have a similar coverage as NR PDCCH for paging.
-       FFS other options
-       The final design will jointly consider the coverage target with other KPIs
 
QC: We think it would be good to have “target” coverage in terms of NR channel X. 
We are ok to support option 3 considering both aspects of coverage and overhead.
The to be designed LP-WUS is better to support multiple data rates to support the coverage up to PDCCH and potentially higher rate matching PUSCH.
 
Xiaomi: We are fine to add option3. From our point of view, there are three potential target performances of LP WUS coverage, that is, 1) similar to PDCCH, 2) similar to PUSCH; 3) Better than PUSCH and worse than PDCCH. From the current discussion, it is difficult for us to achieve the performance of LP WUS similar to PDCCH. We suggest to prioritize  option 2 and option 3. Of course, it is necessary to keep option1 at this stage.
 
CATT : Even the assumption on NR channels were discussed in last meeting, no related agreement was achieved. We prefer ZTE’s version with adding a FFS i.e. the details assumption for NR channels.
 
HW&HiSi#3 on Proposals 2C-v5:
We see some companies also think the target should be kept similarly as us. We would like to echo this again. Again, as a study item work, we can identify the mechanism needed to fulfill the two difference targets. We can further trade off and design what would be specified. 
 
Ericsson2: For Option 2, we are not OK with “FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3”. RAN1#110b-e already agreed that companies can compare LP-WUS with at least PDCCH for paging, PUSCH. Unless current discussion narrows down evaluation scope, we do not see much value of the proposal over previous agreement. Option 2, should be narrowed to PUSCH for msg3. On discussion related to ‘target’, LP-WUS tells UE whether/not to receive paging PDCCH. We do not support to include text suggesting that such LP-WUS design is targeted to have at least 15+dB worse coverage than PDCCH. 
 
Samsung2: We think that FFS for option #2 can be included in FFS for the last bullet (additional detail assumptions for NR channels), so we prefer to remove "FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3". If so, we are ok with proposals 2C-v6

Apple (on 2C-v6): on the newly added FFS, we do not think it is necessary, as we have the assumptions agreed already. The only thing that is missing is the FFS under option 2. If indeed the last FFS is to be added, we would like to understand what we should agree on further.
vivo2：We share similar view with companies to keep target in the main bullet. Regarding the data rate of PUSCH and the message size of msg3, to move forward, we are ok to discuss them further.
@Ericsson, the additional value by this proposal compared to previous agreement is 1) We are now discussing which existing channel shall be the coverage target for LP-WUS, not just allow company to compare with as in previous agreement 2) we now include MSG3 in PUSCH case. 
Thus, we suggest the following modification below, highlight in yellow:
[M] Proposals 2C-v6:
RAN1 further study the designs [target]/techniques of LP-WUS to have a  comparable coverage as NR channel X. The NR channel X is
-        Coverage option #1: PDCCH for paging
-        Coverage option #2: PUSCH, 
o    FFS PUSCH with data rate defined in the coverage SI or PUSCH for message3
-        FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
-        The final design will jointly consider the coverage with other KPIs
-        FFS additional detail assumptions for NR channels, including the date rate for PUSCH and the message size for MSG3

CATT(on 2C-v6): The mentioned assumption on PUSCH and PDCCH were agreed for coverage evaluation, what we discussed here is about the coverage target of LP WUS.  As we commented in the server (Xiaodong may miss it), the coverage of PDCCH or PUSCH in TR38.830 for coverage enhancement includes several values for the target coverage in Tables 5.1.1.3-1 to 5.1.1.3-6. For example, in Tables 5.1.1.3-1, the gNB Tx power is 33 dBm/MHz, and the maximum coupling loss (MCL) of PUSCH has values for eMBB and VoIP with different TDD configurations range from 137.58 to 143.79. Thus, we may need to agree on a single number of MCL for PDCCH and PUSCH for the evaluation. 

	FL: Copy/paste the proposal after Friday offline discussion
:
PDCCH: Spreadtrum, Nokia(?), Samsung, Qualcomm(?)
 
PUSCH: Futurewei, Huawei/ HiSilicon (msg3 or data), ZTE/ Sanechips, Xiaomi, Intel(msg3 or data), LGE(?)
 
FL1:
I am try to merge Ericsson and Huawei’s comments together. It may not be perfect but to move forward as a compromise.
 
FL2:
@MTK, this can be confirmed after the results being discussed.
@Huawei, Spreadtrum, keeping ‘target’ may not move us forward after reviewing the comments from other companies. Hopeful this is compromise way to move us forward.
@ZTE,
-        changes ‘similar’ to ‘comparable’
-        For your suggested option3, it is not clear criteria for determine the exact value. Considering there is a FFS, I suggest to add it as example for FFS. People can come back next meeting.
-        Assumption for NR channels had been discussed last meeting, No need to repeat here.
Please see V5
 
FL3:
@Qualcomm, Huawei2, considering supporting companies, I modified the proposal in V6 and add ‘target’ in [] in the main bullet. We can further discuss online for this controversial part.
 
@CATT, ZTE,
In RAN1#112, we agree the followings for PDCCH and PUSCH. That’s the reason I think no need to add ‘  FFS the details assumption for NR channels’. I can put it the last bullet in V6 to see if companies have strong opinions and objections. 
 
	Reference data rates for MReMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

	Reference PDCCH configuration
		SCS
	30kHz for TDD, 15kHz for FDD.

	Aggregation level
	8, 16
 
Company to report which case is being used. Further decision on aggregation level for coverage is FFS.

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER,





 
Please see  [M] Proposals 2C-v6

FL4:
@vivo, if removing ‘PUSCH with data rate defined in the coverage SI‘, then the detailed assumptions for PUSCH will be various a lot. In that sense I agree with you that additional  FFS is needed. Perhaps it’s better to rephrase as follows for better understanding,
-        option #2: PUSCH, 
o    FFS PUSCH for data with data rate defined in the coverage SI or PUSCH for message3

@Ericsson,  with the modification from vivo, I think we can further discuss the assumption for PUSCH, 15dB worse may not be always true.

@Samsung, removing all the FFS in option 2 seems to be less informative. Reading the contributions from companies, most companies are considering the PUSCH for data and msg3. Therefore I kindly ask you to consider keep it.

@CATT, yes you’re true. You mentioned TR38.830, I copy/paste some MIL results as follows for your reference. We can discuss the details 

	Urban 4GHz
	Representative value
	Reference

	PUSCH for eMBB DDDSU
	139.01
	Table 5.1.1.1-2 of TR38.830

	PUSCH for eMBB DDDSUDDSUU
	140.33
	

	Broadcast PDCCH(PDCCH of Msg.2) 
	150.19
	

	　
	　
	　

	Urban 2.6GHz
	Representative value
	Reference

	PUSCH for eMBB DDDDDDDSUU
	139.66
	Table 5.1.1.2-2 of TR38.830

	Broadcast PDCCH(PDCCH of Msg.2) 
	151.62
	

	　
	　
	　

	Rural 700MHz
	Representative value
	Reference

	PUSCH for eMBB UUUUU
	144.76
	Table 5.1.1.6-2 of TR38.830

	Broadcast PDCCH(PDCCH of Msg.2) 146.15
	157.16
	




Please see [M] Proposals 2C-v7
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	[H] Proposal 1C-4-v4(after Friday offline):
The period of low power synchronization signal that LP-WUR used for at least power evaluation can be
         Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
         For evaluations assuming LP-SS
o    { 320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms 400ms, 1.28s, 10s(at least for frequency tracking)}
o    Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
-         Other values are not precluded
Note: companies to report the purpose of the low power synchronization signal along with evaluations, e.g. can be for LR synchronization (i.e., time and/or frequency tracking) and/or measurement.
 
[H] Proposal 1C-4-v5
The period of synchronization signal that LP-WUR used for at least power evaluation can be
         Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
         For evaluations assuming LP-SS
o     {[160ms],320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
o    Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
-         Other values are not precluded
Note: companies to report the purpose of the synchronization signal along with evaluations, e.g. can be for LR synchronization (i.e., time and/or frequency tracking) and/or measurement.
 
 
[H] Proposal 1C-4-v6
The period of synchronization signal that LP-WUR used for at least power evaluation can be
         Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
         For evaluations assuming LP-SS
o     {[160ms if sufficient necessity], 320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
o    Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
-         Other values are not precluded
Note: companies to report the purpose of the synchronization signal along with evaluations, e.g. can be for LR synchronization (i.e., time and/or frequency tracking) and/or measurement.
 
[H] Proposal 1C-4-v7
The period of synchronization signal that LP-WUR used for at least power evaluation can be
         Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
         For evaluations assuming LP-SS
o     {[160ms if sufficient necessity is justified], 320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
o    Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
        Other values are not precluded
Note: companies to report the purpose of the synchronization signal along with evaluations, e.g. can be for LR synchronization (i.e., time and/or frequency tracking) and/or measurement.
 
 
	CATT:
The first bullet in the proposal implies that LP-WUR can receive SSB and use it for synchronization.  If the LP-WUR could receive SSB, why is the LP-SS used for?  
 
The second bullet assumes LP-SS with long periodicity larger than the time interval 160 ms for UE maintaining in sync to the network. Thus, the out-of-sync LP-WUR would take a long time at each LP-SS cycle to achieve the synchronization using LP-SS. The number of slots of the LP-SS transmission at each cycle to achieve T/F synchronization should be justified. We would suggest including 160ms periodicity for the LP-SS in the evaluation assumption.
 
MTK: agree to add 160ms to support RAN4 measurement requirements, if any.
 
HW&HiSi#2 on Proposal 1C-4-v5
According to our evaluation, 320ms/400ms should be enough. However, to keep 160ms in square brackets is acceptable to us.
vivo:
We don’t see the necessity to include 160ms, which is smaller than i-DRX cycle, it is unclear for us how this brings additional benefit for sync and measurement accuracy, however, shorter periodicity will cause larger burden to the network including the network power consumption and network overhead. Considering the benefit is not clear and to minimize network impact as much as possible, we suggest add FFS on 160ms.
@CATT, when you talk about the time interval 160 ms for UE maintaining in sync to the network, would you please elaborate why 160ms is required for UE maintaining in sync, from our understanding, 320ms is adequate for that. 
@MTK, we would like to understand which RAN4 measurement requirement do you refer to.
 
ZTE:  We are fine to include 160ms as CATT suggested, and our motivation also has been stated in previous round.
 
MTK2: @HW, 160ms is used as a condition to determine AGC setting and time/frequency tracking for FR1 known/unknown cell. But it is for the MR rather than LR. So, it can be relevant only if we consider reusing the MR requirements to LR. However, there is no harm to provide options for power evaluation.
 
Xiaomi: We are fine with Proposal 1C-4-v6.
 
CATT: We can accept Proposal 1C-4-v5 for progress.
 
HW&HiSi#4 on Proposal 1C-4-v6:
We are general fine, but according to the FL’s comment,  it seems FL missed “is justified” in the proposal. We should add them otherwise the sentence is not complete.
	FL: Copy/paste the proposal after Friday offline discussion
 
FL1:
@CATT, the listed values here for LP-SS are no less than the minimum i-DRX cycle (i.e., 1 - N times than i-DRX cycle). For 160ms (ZTE also commented), it is dense than the minimum i-DRX cycle which is quite different. But to proceed, would it be OK to add [160ms]?
 
FL2:
It seems a bit controversial on 160ms.
FL suggest to keep it [] and adding ‘if sufficient necessity is justified’ to address companies’ concerns.
 
Please see [H] Proposal 1C-4-v6
 
FL3
@Huawei,  adding the missing part and revised in v7
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	[H] Proposals 1A-1-v3:
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple WUS attempts/trials,
-        UE have N attempts within T, where N is the number of LP-WUS transmission occasions with in T.
         N is the number of attempts within T.
         where T is {1.28s, 2.56, …}. Other values are not precluded for evaluation.
         Company to report (FAR, T, N)
o    Note: FAR = {0.1%, 1%} as agreed in RAN1#112
-        Note 1: For example, if UE performs multiple correlations for a sequence part for potential LP-WUS transmission in that in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
-        Note 2: If UE performs multiple non-overlapping N attempts for the N occasions within the reference time duration, the false alarm event for the attempts are assumed as independent.
-         Note 3: Number of attempts per second (<image001.png>) can be calculated from T and N, i.e., <image002.png>.
Power saving evaluations that companies provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design
 
[H] Proposals 1A-1-v4:
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple WUS attempts/trials,
-        UE have N attempts within T, where N is the number of LP-WUS transmission occasions with in T.
·         where T is {1.28s, 2.56, …}. Other values are not precluded for evaluation.
·         Company to report (FAR target, T, N)
-        For example, if UE performs multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
-        If UE performs  N non-overlap attempts for the N occasions within the reference time duration, the false alarm event for the attempts are assumed as independent.
Power saving evaluations that companies provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design
 
 
[H] Proposals 1A-1-v5:
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple WUS attempts/trials,
-        UE have N attempts within T, where N is the number of LP-WUS transmission occasions with in T.
·         where T is {1.28s, 2.56, …}. Other values are not precluded for evaluation.
·         Company to report (FAR target, T, N)
-        For example, if UE performs multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
-        If UE performs  N non-overlap attempts for the N occasions within the reference time duration, the false alarm event for the attempts are assumed as independent.
Power saving evaluations that cCompanies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design
 
 
[H] Proposals 1A-1-v6:
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple WUS attempts/trials,
-        UE have N attempts within T, 
·    Company to report (FAR target, T, N)
-        For example, 
·   if UE performs multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
·   if UE performs decoding (including e.g., CRC check) in a monitor occasion, a single decoding is considered as ONE trial/attempt.
-        If UE performs  N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design

[H] Proposals 1A-1-v7:
Working assumption:
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple LP-WUS attempts/trials,
-        UE have N attempts within T, 
·    Company to report (FAR target, T, N)
-        For example, 
·   if UE performs make a single decision (e.g., comparison with threshold) based on multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
·   if UE performs decoding (including e.g., CRC check) in a monitor occasion, a single decoding is considered as ONE trial/attempt.
-        If UE performs  N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design
	Ericsson:
1) Update to “Company to report (FARtarget, T, N)” to align terminology with first bullet.
 
2) It is not clear how following is possible when UE does not have sync – “UE have N attempts within T, where N is the number of LP-WUS transmission occasions with in T”.Suggest updating first bullet as  “UE have N attempts within T, where N is the number of LP-WUS transmission occasions with in T” and also the third bullet “If UE performsmultiple non-overlapping N attempts for the N occasions within the reference time duration, the false alarm event for the attempts are assumed as independent”
 
 CATT
Firstly, we thank the update on the first sub-bullet. But it still confuses us. From the current wording, it means that the T can be any values e.g. 1.28second, 2.56 seconds, 1millisecond, or 1second, right? Thus, We suggest that the sub-bullet can be removed and do not give any restricton T values if we want consider T. We think companies report the values of FAR, T and N is enough. Again, we want clarify that the definition of T for FAR determination is not needed technically. From probability theory, FAR is the ratio of error event and the total event. It is not related with any time definition
 
 
Apple
We are fine with the principle.
However, we still think the following is confusing: “For example, if UE performs multiple correlations for a sequence part for potential LP-WUS transmission in that in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.” This does not seem necessary, as long as the FAR over the time duration T is reported. Does it make any difference if the UE considers it as a single attempts or multiple attempts?
For the bullet “If UE performs multiple non-overlapping N attempts for the N occasions within the reference time duration, the false alarm event for the attempts are assumed as independent.”: the revision is unclear to us. The original version seems to make more sense, to assume they are independent if they are non-overlapping. But if there is significant overlap between two attempts, it may not be appropriate to assume they are independent any more. This is especially true for the case with continuous monitoring.
The question is: do we really need these two bullets? Can we simply let companies report all the details for now, e.g., including how the FAR for the duration T is derived?
 
Nokia: Maybe reword the last note:
Power saving evaluations that cCompanies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design
 
ZTE, Sanechips: we have some suggestion to address apple's concern, please see the draft folder document.
 
ZTE/Sanechips:
Fine.
Maybe the following can be modified to address Apple’s second concern.
If UE performs multiple non-overlapping N attempts for the N occasions within the reference time duration, the false alarm event for the attempts are assumed as independent.
For the first one, it can be deleted and up to company report.
 
 
Samsung: To Apple, we would like to keep the second bullet “For example, if UE performs multiple correlations for a sequence part for potential LP-WUS transmission in that in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.”
We think that the definition of attempt is not clear if this bullet is removed. For example, when UE try to detect LP-WUS by sliding over time domain with the finer granularity (e.g., sample-level), it can be also multiple attempts within single potential LP-WUS transmission. However, these attempts are highly dependent and it can cause multiple wake-up. The intention is to avoid multiple wake-up at the single potential LP-WUS reception by treating it as ONE trial/attempt. If multiple attempts are independent from enough sliding granularity, then it can be considered as multiple attempts.
 
Apple2 (on v5)
We would like to clarify what is considered as a monitoring occasion? Is it correct that this concept only exists for duty cycle monitoring, not continuous monitoring? So the “for example” sub-bullet is intended for the duty cycle monitoring?
I wonder if companies intend to use link level sims to evaluate FAR, without doing any post-processing, the last two sub-bullets should not matter, because all the effect is captured in the sims already. Are these two sub-bullets intended for the case where companies may derive the FAR based on the single-attempt LLS result?
Sorry for the questions, but I just feel it is overall very confusing.
Maybe we can also add “company to report (FAR target, T, N, definition of an attempt)”.
 
QC: In example, only sequence based detection method is captured. It would be better to capture decoding based detection as well.
-        For example, if UE performs make a single decision (e.g., comparison with threshold) based on multiple correlations for a sequence in thea monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
-        For example, if UE performs decoding (including e.g., CRC check) in a monitor occasion, a single decoding is considered as ONE trial/attempt.
 
CATT: We thank FL’s update, the Proposals 1A-1-v5 is OK for us.
 
HW&HiSi on v5
For apple’s question on “duty cycle” and “continuous monitoring”, we think this does not preclude anything about continuously monitoring or duty cycle monitoring. If UE monitors every monitoring occasions with T, it is continuous monitoring.
V5 proposal looks OK for us
 
Samsung2: We think that QC's modification is better for understanding, " For example, if UE performs make a single decision (e.g., comparison with threshold) based on multiple correlations for a sequence in thea monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.." With the update, we are fine with the latest proposal.
Related to Apple2 comment, we have same view on HW's comments. Regardless of the monitoring schemes for LP-WUS, this sentence comes from the following issue (provided by FL summary): 
•    The output of Multiple correlations/hypothesis may be highly correlated due to oversampling of OOK chips. Hence, it is difficult to derive per correlation FAR from per attempt FAR. [R1-2302948, ZTE], [R1-2303150, Samsung], [R1-2302526, vivo]
•    Note: If UE performs multiple correlations for detection the potential LP-WUS transmission in that transmission occasion, it can be considered as UE implementation in ONE trial/attempt, rather than multiple attempts/trials.

Apple3 (on v6)
Thanks for the response on our questions. But some issues are still not very clear to me. E.g. the definition of a monitoring occasion, whether it is a concept only for duty cycle monitoring. If it is continuous monitoring, the monitoring occasion really does not matter for the UE. The definition of an attempt for continuous monitoring is not clear either.
However, we do not want to block the proposal. Given the good discussion so far, we are fine to take it as working assumption. As companies start to report next meeting, we will know whether this is sufficient, or maybe some aspects need further clarification.
	FL1: make the following changes
1.  Update to “Company to report (FARtarget, T, N)” @Ericsson
2.  To address Apple’s comment, adding non-overlap back,“If UE performsmultiple non-overlapping N non-overlap attempts for the N occasions within the reference time duration”
3.  Making change according to Ericsson’s 2nd comment
@CATT, removing restriction of T value
 
 
FL2:
@Nokia, Modified according to suggestion
@ZTE, ‘non-overlapping’ is added 
 
Please see [H] Proposals 1A-1-v5
 
FL3
@Apple2, I clarified the attempt in a Figure in the FL summary. Basically, the examples provides an explanation of the attempt. And what Qualcomm proposed to add is regarded as the explanation for decoding based detection
 
@Qualcomm, added what you proposed as another example.
 
Please see [H] Proposals 1A-1-v6

FL4
@Samsung, Qualcomm, Sorry to miss the revision by Qualcomm for the first example. I revised in v7.

@Apple3, make it WA

Please see [H] Proposals 1A-1-v7:
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	[H] Proposal 1C-1-v2:
Confirm Alt 2 in the following agreement and update as follows
Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
-         Alt 1: (15000, 400ms) as baseline
-         Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.
 
[H] Proposal 1C-1-v3:
Confirm Alt 2 in the following agreement and update as follows
Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
-         Alt 1: (15000, 400ms) as baseline
-         Alt 2: (40000, 800ms)
Company to report which alternative they use for which use cases.
 
	Apple
We prefer not to have Alt 1 as the baseline, but otherwise fine.
Many companies seem to think Alt 1 is for IoT and Alt 2 is for wearable/eMBB. We do not see why IoT should be prioritized over wearable/eMBB.
 
MTK: Agree to remove “as baseline”. At 2 is used to support more use cases and it is still unclear what will be the baseline/main use cases at this stage.
 
Spreadtrum: We suspect the feasibility of Alt-2 currently. We prefer to keep “baseline” for Alt-1
 
vivo:
 we think current proposal doesn’t force the mapping between alternatives and use cases. Considering alt1 is better aligned with what has been agreed in LPHAP, we prefer to keep baseline for Alt1, otherwise we don’t agree to remove the brackets of Alt2.
 
ZTE
Fine. Since IoT use case has less requirement on mobility, it would be challenging for eMBB/XR to UE have significant power saving, and keeping latency low, UPT loss low.
 
Apple2
Our view still stays. We understand we do not have any mapping to the use cases in the agreement right now, but that seems to be what many companies have in mind. So practically speaking, by adopting Alt 1 as the baseline, it potentially means that IoT is prioritized. So we still support v2, not v3.
 
HW&HiSi#3: we don’t think there is any implicit mapping between alternatives and use cases/devices. We don’t see issue on v2.
	FL1:
@Apple, no clear statement saying which alternative is IoT or eMBB now. Many companies don’t support to limit to use alternative according to use case.
But to accommodate Apple’s comment, FL suggest to check whether v3 is OK for you.
 
FL2
After checking the stability of v2 and v3, Actually
-        [H] Proposal 1C-1-v2:: Futurewei, Spreadtrum, vivo, Samsung, Nokia, Intel, InterDigital
-        [H] Proposal 1C-1-v3:: Apple, MTK
 
FL suggest to go [H] Proposal 1C-1-v2
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	[H] Proposals 1A-2-v3:
Working assumption
For Model 1 of frequency error, Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm), where Fr is:
o    Companies to report Fr and important assumptions for achieving Fr, e.g., if MR can assist to calibrate LP-WUR to correct the frequency error or if LP-WUR can only correct the frequency error based on LP-WUS synchronization signal
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	[H] Proposal 1C-2-v3:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ [Y, e.g., Y>=0.1 or 0.01]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For cat1a, clock error option 3 or 4 is assumed,
o    FFS for cat1b, clock error option 1 or 2 is assumed
o    For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; For WUR Off value Y, option 1,2,3,4 can be assumed.
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
 
 
[H] Proposal 1C-2-v4:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ [Y, e.g., Y>=0.1 or 0.01]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
[o    10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    For other values, the mapping between power value and receiver type are FFS]
 
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained;
o     For WUR Off value >= Y1, option 1,2 can be assumed. FFS: Y1
o     For WUR Off value >= Y2, option 3,4 can be assumed. FFS: Y2
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
 
[H] Proposal 1C-2-v5:
 
----------------------------TP start-------------------------------------------
6.3.2      Power model for LP-WUR (LR)
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[1]
	0.001/ [Y, e.g., Y>=0.1 or 0.01]
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
-         FFS: If other values are needed
	
	


-         FFS: whether further categorization/sub-categorization is needed and how.
-         FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
o    Alt1:10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    Alt2: 10/20/30 for LP-WUR ON power state are not used for receiver types for MC-ASK and MC-FSK, 
o    For other values, the mapping between power value and receiver type are FFS
 
-         FFS: LP-WUR power consumption values for FR2.
-         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)
-         Note4:
o    For WUR Off value 0.001, oscillator option 1, 2, 3, 4 and /FLL/PLL are not assumed and only RTC is maintained;
o     For WUR Off value >= Y1, option 1,2 can be assumed. FFS: Y1
o     For WUR Off value >= Y2, option 3,4 can be assumed. FFS: Y2 and whether Y1=Y2 or not
-         Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
----------------------------TP End-------------------------------------------
	Intel: We are OK for the proposal relative power 10/20/30 for OFDM receiver. We are also fine to introduce parameter Y. 
Note4 overlaps with the sub-bullet for Option 3/4’in the second bullet in Proposal 1A-v-v1. It is better to have a single proposal
 
 
 
Ericsson: Not OK with below part in the proposal second FFS point. We suggest to remove it.
FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
o    10/20/30 for LP-WUR ON power state are used for OFDM receiver
 
 
Huawei, HiSilicon: we have a couple comments as following:
1.  0.2 should be added considering we have proposal of sequence based receiver with power of 0.2;
2.  We don’t need the sub-bullet of “10/20/30 for LP-WUR ON power state are used for OFDM receiver”. It is anyway to be handled by AI 9.11.2. And we actually have some proposal of OFDM based receiver, i.e. sequence based detection, to be with power consumption smaller than 1.
3.  Thanks for adding the note5, but we should still clarify that all the values in the table is the power consumption for LP-WUS monitoring based on the following agreement. Therefore, Note 5 should be updated with the green revisions to “Note5: the power consumption value of LP-WUR ON is for LP-WUS monitoring, and Up to companies to report whether same or different values with justifications are assumed for WUS monitoring and time/frequency synchronization.
	Agreement
-        The following power model for LP-WUR/WUS evaluation is considered,
o    Relative power unit for LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring:
o    [0.001]
o    Relative power unit for LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 
o    [0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4]
o    Other values are not precluded to be evaluated.
o    FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
…….


4.  for the bullet “For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; For WUR Off value Y, option 1,2,3,4 can be assumed.”: a) option 1/2 and option 3/4 should be separated listed, considering they have very different assumption of frequency error and drift. E.g. if Y=0.1, it is sure that option 1/2 can be used because 0.1 is the same as power value of ON state, where option 1/2 can be used. B) For the detailed value of Y, if we just have examples in square brackets, we prefer to keep it as FFS .
Apple
OK in principle.
On “10/20/30 for LP-WUR ON power state are used for OFDM receiver”, I assume the intention is to say these values are not to be used for other receiver types. But it may be misunderstood as OFDM receiver can only take these values. Suggestion:
“10/20/30 for LP-WUR ON power state are not applicable to the receiver architectures for MC-OOK and MC-FSK.”
For the highlighted note on oscillator, is the intention to say that “For WUR Off value 0.001, oscillator is assumed to be not running and only RTC is maintained”?
 
MTK: Agree to add 0.2 considering we have proposed an OOK-OFDMA hybrid receiver with a power of 0.225.
 
 
Nokia: In principle fine, but noting that, if Proposal 1D-2-v2 is agreed, should be accounted in this.
 
HW&HiSi#2 on Proposal 1C-2-v4
 
1.  On the updated wording regarding the power value of  “10/20/30”, the current wording is still not clear enough from our point of view. we would be fine with Apple’s proposal with some revision: “10/20/30 for LP-WUR ON power state are not applicable to the receiver architectures of envelope detection for MC-OOK and MC-FSK.”
ZTE/Sanechips
We are fine and think 10/20/30 is only applied for OFDM based receiver.
                                                     
It is not true that the OFDM receiver can use other relative power, e.g., 1. If it is possible, please clarify how to achieve this.
 
ZTE, Sanechips: We think 10/20/30 for OFDM based receiver should be kept. If 9.11.2 discuss the relatibe power for each architecture, the agreement in 9.11.1 also can be the reference. Some further clarification is clarified in the draft folder document.
 
MTK2: We wonder why 10/20/30 cannot be used for MC-OOK and MC-FSK. It should be the opposite that “at least 0.01/0.05/0.1 cannot be used for OFDM receivers.”
 
QC: We think it is not good having hard restriction for power numbers and receiver types. We propose to remove as follows.
[o 10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
On Note 4, we are fine to add one more values. For simplicity, we propose to add one value with following clarification.
0.001:  Only RTC is running during sleep. But, any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power.
[0.005]:   Option 1,2,3,4 can be assumed (always on LO).
 
 
Apple2 (on v4)
OK in principle.
It appears that the sub-bullet in bracket or any proposed modification is still controversial. In this case, we would suggest removing it. We do not think it adds much value at this point. The power consumption will be discussed in 9.11.2 anyway.
On note 4, we can be fine with it. But want to confirm if our understanding is correct: for WUR Off value 0.001, oscillator/FLL/PLL is assumed to be not running. So when WUR wakes up, it starts from the maximum frequency offset?
 
Xiaomi:  OK in principle. For WUR ON value, we do not think that restrictions are necessary for 10/20/30 and these restrictions can be reported by companies as additional assumptions.
 
HW&HiSi#3 on Proposal 1C-2-v4:
@FL2, our previous comments is 10/20/30 is NOT applicable to envelope detection of OOK/FSK. But it seems companies cannot align with the bullet of “10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel, For other values, the mapping between power value and receiver type are FFS]”. We prefer to remove it as suggested by Qualcomm and Apple. Agree with Apple that the power consumption mapping shall be discussed anyway in 9.11.2.
 
Ericsson2 (on v5): Prefer QC suggested updates to Note 4. As mentioned earlier, power mapping to different LP-WUR architectures can be done after there more convergence in 9.13.2  agenda item.
 
 
QC (on V5): As pointed out by Eicsson2, We think hard restriction is not necessary and boundary/mapping between is arbitrary at this stage. Instead, we prefer to have qualitative description/comparison of power consumption values across different receiver types.
o    Alt1:10/20/30 for LP-WUR ON power state are used only for receiver types for OFDMA-based signal/channel,
o    Alt2: 10/20/30 for LP-WUR ON power state are not used for receiver types for MC-ASK and MC-FSK, 
o    For other values, the mapping between power value and receiver type are FFS
 
 vivo2: 
Regarding the values 10/20/30, we think the justification to add them on is that receivers for OFDMA signals/channels have been agreed in the last meeting. We don’t see the any justification of these values for envelop detection for MC-ASK and MC-FSK. We are ok with either alt 1 or alt2, but we don’t agree to add 10/20/30 arbitrarily without solid justification. 
For the other values, we are ok to discuss further the mapping between power value and receiver type.
	FL1:
 
@Ericsson, Apple, Huawei, clearly the intension of adding 10/20/30 is for OFDM receiver for MC-OOK/FSK. However to move forward, FL add [] for the sub-bullet. And add FFS for other values. 
 
@Huawei,
(1) added 0.2
(3) no need to say the WUR ON power is only for monitoring, the T/F sync power value can be picked up from these values and reported by companies if they use different values.
(4) Make sense. Suggest separate bullet for option 1/2 and 3/4. Please check v4
 
 
FL2:
@MTK, the value 0.2 is already in V4
@Nokia, OK
@Huawei, not sure which is not clear. Are you going to suggest 10/20/30 for OOK/FSK? I don’t see any intension to do so.
By adding the setence ‘For other values, the mapping between power value and receiver type are FFS’, for the rest of other values 0.01/0.05/0.1/0.2/0.5/1/2/4, I is still open to discuss the mapping.. if you have any concerns, I think we can consider to remove the [].
 
FL doesn’t change anything  in the previous v4.
 
FL3:
Again, I would like to note that the intension we discuss to add 10/20/30 is because in the last meeting we agree to study OFDM receiver. It make no sense to add 10/20/30 for any OOK/FSK based on my observation from contributions or practical usage.
So as a matter of fact, I do not see any wrong if 10/20/30 is for OFDM receiver. If people really wants to discuss whether 10/20/30 is for OFDM receiver or can be applicable for OOK/FSK for evaluation in 9.11.2, I can remove 10/20/30 now and wait until discussion in 9.11.2 to finalize. As the FL, I would like to move us forward instead of waiting for the next meeting(the last second meeting for SI in RAN1). In V5, I listed two Alternatives for 10/20/30 and let’s see which one is preferred by companies. Please companies be constructive and practical.
 
 
@Apple2, My understanding is same with you. for WUR Off value 0.001, oscillator/FLL/PLL is assumed to be not running. So when WUR wakes up, it starts from the maximum frequency offset. 
I updated note4 to address your comment
 
@Qualcomm, I also add FFS for whether Y1=Y2 or not to address your another comment
 
 
Please see [H] Proposal 1C-2-v5
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	[M] Proposal 2A-v3:
The latency for the target use cases are considered as follows:
o    Latency for RRC CONNECTED mode is in the order of milliseconds
o    Latency for RRC IDLE/INACTIVE mode is in the order of seconds
 
	Huawei, HiSilicon: are these latency set to be the KPI for the evaluations?
 
HW&HiSi#2:
Thanks for the clarification. We are fine with latency value for connected mode. But for IDLE mode state, we do not think such a relaxed target should be set before a proper study on the feasibility of achieving a tighter target. Therefore, we prefer to keep IDLE mode open for FFS for the time being.
 
[M] Proposal 2A-v3:
The latency for the target use cases are considered as follows:
o    Latency for RRC CONNECTED mode is in the order of milliseconds
o    Latency for RRC IDLE/INACTIVE mode is in the order of seconds: FFS: whether to set a latency target; if so, FFS: the detailed value
 
Spreadtrum: Agree with HW. As mentioned by some companies, the order of second in idle/inactive state will be harmful for phone call.
vivo:
Considering the typical value of I-DRX cycle, i.e., 1.28s, we think it is reasonable to keep the Latency for RRC IDLE/INACTIVE mode in order of second.
 
ZTE/Sanechips: OK
Apple: OK
Xiaomi: Fine.
QC: Support
 
HW&HiSi#3: 
Some feedback on vivo’s comments: 1.28 seconds is one of the I-DRX cycle length. Specification also allows smaller values for shorter latency. Also, UE may have UE specific DRX cycle that is smaller than the one configured by gNB. Therefore, it is not reasonable to conclude this latency target based on one of the DRX cycle length. We see other companies also prefer to keep FFS for IDLE mode now.
 
QC: We think the latency requirement should be determined from use case rather than technical feasibility. Even if a strict requirement is technically feasible, if it is not necessary in real use case, then, there is no need to have such strict requirement. We think having relaxed requirement which can met all the use case is better in the sense that it could further relax design requirement in terms of power, sync, overhead, complexity, etc. We support current FL’s proposal.
	FL1:
For KPI
 
FL2:
Not clear why in the order of second is wrong since legacy typical i-DRX allows to do so.
 
If companies still have comments on  [M] Proposal 2A-v3, FL suggest to drop this proposal. Hopefully companies can explain why the order of second is inappropriate
 
FL3:
As I suggest, If companies still have comments, let’s drop this proposal. Now I see Huawei still have, so let’s consider to stop discussing this proposal.
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	[H] Proposals 1A-4-v2:
Confirm the WA for the followings
Working Assumption
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm]
	20


•    Note1. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain for receiving LP-WUS
•    Company to report how to use the clocks for LR on/off states
-        The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state.
-        For Option 3/4,
  FFS applicability when LP-WUR ON power is less than[TBD] power unit
  FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state, 
  e.g., option 3/4 is not applicable
  when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or,
  when LR monitoring power less than [TBD] power unit,
  Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
-        If MR is in other state than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
  assumptions important for achieving performance by using MR clock for LR should be declared
  Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
· Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal,
  The following are examples for consideration, other approaches are not precluded,
  Model 1:
· The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
· When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
· T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
· FFS: Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm).
  Model 2: random frequency drifting, FFS details
· Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal,
  The following are examples for consideration, other approaches are not precluded,
  Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
· The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
· The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
· The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]
<image002.png>
· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach
· FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr
  Model 2: random time drifting, FFS details
· FFS: Phase noise model
 
	Intel: the sub-bullet ‘for Option 3/4’in the second bullet has overlap with Note4 in Proposal 1C-2-v3. It is better to have a single proposal
 
Ericsson: Following part should be deleted if confirming the WA given inputs provided to this meeting regarding clock power consumption. i.e., as follows
-         For Option 3/4,
  FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state, 
  e.g., option 3/4 is not applicable
  when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or,
  when LR monitoring power less than [TBD]power unit, 
 
MTK: Using Oscillator error to model CFO is not enough. To maintain stable frequency output, at least FLL/PLL cannot be turned off, which is power-consuming. Suggest adding a note below.
option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies
Note. At least FLL/PLL cannot be turned off for LR to support options 1/2/3/4.
 
Nokia: A question for clarification, that for RTC case we should assume always random offset at 20ppm range upon LR wake-up?
 
 Samsung: According to the proposal #8, some options for oscillator cannot be assumed for WUR off-state. In our understanding, it means that oscillator is turned off and frequency drift of oscillator cannot be used for calculation of time/frequency error such as Model 1 in the proposal #10. Therefore,  we suggest to add Note for clarification, “Note: assumption for frequency drift cannot be used when the oscillator is assumed to be turned off”
 
QC: We are find removing red FFS related to option 3 and 4.
 
Apple: we are getting a bit confused on how it works. Assuming the LR OFF power of 0.001, do we assume oscillator is still running, just FLL/PLL are turned off? I think everything should be turned off, except for the RTC. In this case, what happens when the LR is turned on again? Maximum frequency offset should be assumed? Then the drifting model does not apply any more.
 
QC: We think t/f drifting model will apply to RTC clock. Depending on design, LO could be always on or shutdown during sleep duration. The FLL/PLL could start when LP-WUR wakes up to ON duration. The power of LO/PLL/FLL should be already included in LP-WUR On power.
 
Intel: considering 1C-2 and 1A-4 jointly, we think it ends up behaviors of 4 combinations in the following table. We add our current understanding in the table now. 
 
	 
	On power < [TBD]
	On power >= [TBD]

	Off power 0.001
	         Time offset cumulated in the off period cannot be calculated by option 1/2/3/4. RTC should be used
         Frequency offset when LP-WUS switches to on follows option 1/2 (first value in the value pair). FFS option 3/4
	         Time offset cumulated in the off period cannot be calculated by option 1/2/3/4. RTC should be used
         Frequency offset when LP-WUS switches to on follows option 1/2/3/4 (first value in the value pair).

	Off power Y (e.g., Y>=0.1 or 0.01)
	         Time offset cumulated in the off period can be calculated by option 1/2. RTC can be used too [*1]. FFS option 3/4. 
         Frequency offset when LP-WUS switches to on follows option 1/2 (cumulating the second value in the value pair). FFS option 3/4
	         Time offset cumulated in the off period can be calculated by option 1/2/3/4. RTC can be used too. [*2]
         Frequency offset when LP-WUS switches to on follows option 1/2/3/4 (cumulating the second value in the value pair).


*1: since RTC is better, so RTC can be used by UE
*2: up to UE to select a better way, the accuracy is option 3/4 < RTC < option 1/2
 
Ericsson2: “FFS applicability when LP-WUR ON power is less than[TBD] power unit” and the other note on FLL/PLL are not needed. The architecture agenda item already covers clock accuracy vs. power consumption study.
 
QC : We think Note 1 is not sufficient. We suggest to remove Note 1 or add additional Note 2 and 3 w/ following modification.
[ Note1. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain always on for when monitoring receiving LP-WUS. (Always on monitoring)
Note2. FLL/PLL could be turned on only when LP-WUR is on for LP-WUS monitoring (duty cycled monitorig). 
Note3. The clock error (of both RTC and LO) could be improved beyond max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.]
 
For completeness of model, we suggest to add drift of 0.1(ppm/sec) for RTC
RTC max frequency error [ppm]: (20, 0.1)
 
Samsung2: We have a similar question with Apple. We want to know and clarify how to calculate time/frequency error model for duty-cycle based LP-WUS monitoring when oscillator/FLL/PLL can be turned off during LR off-state.

Apple2: 
QC’s proposal on adding drift for RTC seems to make sense, to cover the cases where the LO is off.
But I am still not sure that I completely understand the model. Intel’s table seems to be a good starting point for clarification.
Our preference would be not to confirm the WA before understanding these details.
	FL1:
@Intel, @Ericsson, removing ‘for option 3/4…’ But the last sub-bullet is related to whether Oscillator option 3/4 is applicable for WUR ON power. It is not covered in Proposal 1C-2. FL suggest to keep it
 
 
FL2
@MTK, the added note is not clear since some ED detector doesn’t need to have PLL/FLL?
 But I understand your intension, perhaps we can modified a bit saying
 
Note. FLL/PLL cannot be turned off for LR to support options 1/2/3/4 if it is required to maintain for receiving LP-WUS
 
@Samsung, I think what you proposed is relavant to the [H] Proposal 1C-2-v4. For example, if the WUR OFF is 0.001, the frequency drifting is not assumed to be used for calculating time/frequency error. 
We can solve this in that proposal or later. Since the value Y in H] Proposal 1C-2-v4is not yet done.
 
Now changed to [H] Proposals 1A-4-v2

FL4
Thanks Intel for the summary,  As suggested also by Apple, maybe we need more clarification. Therefore I suggest to take it for further discussion, e.g., 
· start from Intel’s table for further clarification. 
· Also discussing Qualcomm’s RTC assumption for adding drifting 0.1ppm/s


 


