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Introduction
In RAN1#110b-e, initial discussion on evaluation for lower power wake-up signal was discussed, and the following agreements were made [1].
For future meetings on LP WUS:
Use the following terminology for future discussion,
· Main radio (MR): the Tx/Rx module operating for legacy 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 and reusing power model option 1 value of ‘Ultra-deep sleep’for LPHAP evaluation, i.e.,
· FFS: The details of ‘Ultra-deep sleep’ power state
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
In this contribution, we provide some preliminary power consumption evaluation results.
Preliminary power consumption evaluation
In this section, some simulation results for different power saving schemes are provided based on the following assumptions and the power models.
Table 1: UE Power Consumption Model for Main Radio and LP-WUR
	Main Radio

	Power State 
	Characteristics 
	Relative Power

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Ultra-deep sleep
	Power state for main radio of UEs with LP-WUS receiver.
	[0.015]

	Deep Sleep 
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained. 
	1

	Light Sleep 
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep 
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state 
	45

	PDCCH-only 
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or CSI-RS proc. 
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS. 
	100

	PDCCH + PDSCH 
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300

	LP-WUR

	Power State 
	Characteristics 
	Relative Power

	LP-WUR ‘off’
	The LP-WUR does not perform monitoring.
	[0.001]

	LP-WUR ‘on’
	The LP-WUR performs monitoring.
	[0.01/0.05/0.5]



Table 2: UE Power Consumption for Main Radio during the state transition
	Sleep type 
	Additional transition energy: 
(Relative power x ms) 
	Total transition time 

	Ultra-deep sleep
	[20000] (1)
	[400ms] (2)

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms*

	(1) Ramp-down and ramp-up without sync/re-sync transition energy. 
(2) 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. 
* Immediate transition is assumed for power saving study purpose from or to a non-sleep state.


Table 3: Simulation assumptions (based TR 38.840)
	Parameter
	Values

	Frequency
	4GHz

	Subcarrier spacing
	30 kHz

	System bandwidth
	100MHz

	Link Adaptation (MCS select)
	Off

	Retransmission
	Off

	Traffic Model
	FTP model 3

	Mean inter arrival time
	200ms

	Packet size
	0.5MByte

	CDRX configuration
	DRX cycle(ms)
	160

	
	Inactivity timer(ms)
	100

	
	On duration(ms)
	8

	DRX Cycle
	1.28(s)

	eDRX Cycle
	61.44

	LP-WUS duration
	1ms

	LP-WUS monitoring duty cycle
	128ms


Different SINR levels, e.g. low, medium and high could be assumed to evaluation. UE need different number of SSB bursts to acquire synchronization. LP-WUR can monitor LP-WUS under “duty-cycled” manner or “always-on” manner. 
Table 4: Power Saving Gain of LP-WUS compared to DRX with PEI (duty-cycled manner)
	SINR level
	Relative Power for LP-WUR on
	0.01
	0.05
	0.5

	Low SINR
(3SSB bursts to sync)
	76.8%
	75.3%
	72.5%

	Low SINR
(2SSB bursts to sync)
	81.3%
	81.2%
	79.2%

	Low SINR
(1SSB burst to sync)
	80.9%
	80.4%
	78.5%


Table 5: Power Saving Gain of LP-WUS compared to DRX with PEI (always-on manner)
	SINR level
	Relative Power for LP-WUR on
	0.01
	0.05
	0.5

	Low SINR
(3SSB bursts to sync)
	75.6%
	73.4%
	54.8%

	Low SINR
(2SSB bursts to sync)
	79.8%
	78.6%
	60.9%

	Low SINR
(1SSB burst to sync)
	78.4%
	76.9%
	46.8%


Observation 1: When LP-WUR monitor LP-WUS under “duty-cycled” manner, power consumption can be significantly lower than that of DRX with PEI.
Observation 2: When LP-WUR monitor LP-WUS under “always-on” manner, power consumption will be higher than “duty-cycled” manner.
Proposal 1: UE support at least “duty-cycled” manner for LP-WUS monitoring.

Conclusion
In this contribution, we provide some preliminary power consumption evaluation results. We have following observation and proposal:
Observation 1: When LP-WUR monitor LP-WUS under “duty-cycled” manner, power consumption can be significantly lower than that of DRX with PEI.
Observation 2: When LP-WUR monitor LP-WUS under “always-on” manner, power consumption will be higher than “duty-cycled” manner.
Proposal 1: UE support at least “duty-cycled” manner for LP-WUS monitoring.
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