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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the Rel-18 study item on low power wake up signal following agreements were agreed during RAN1#111 meeting
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

This contribution provides discussion into the use cases to be studied for low power wake up receiver and consideration on evaluation framework to compare the power saving gains of low power wake up receiver to 5G NR Rel15, Rel16 and Rel17 power saving features 
_____________________________________________________________________________________________
Use cases 
The low power wake up receiver as a supplementary chip to power-on and power-off the main NR receiver might allow the main receiver to enter the ultra-deep sleep state when there is limited or no traffic activity. Although the low power wake up receiver can be considered and designed for variety of applications such as IoT, commercial wearables, smart phone and XR. The study should prioritize low power IoT use case with long DRX cycle configuration, which may have the maximal potential power saving gain achievable by allowing the main receiver to the ultra-deep sleep state with the introduction of the new LP-WUR. 
The latency tolerant IoT use case can be assumed to be configured with long DRX cycle, which includes 
· Sensor and actuator control used in factory applications  
· Condition monitoring sensors in factories, environmental monitoring sensors such as temperature, pressure etc. 
· Low power asset tracking applications
· Other commercial use case such as wearables such as smart watch, smart meter etc.,  can be considered for evaluation. 

Since the main receiver enters the ultra-deep state the transient latency to power-on the entire subsystem increases and hence the latency tolerant use cases to be considered at the beginning stage for evaluation. 
Proposal 1: RAN1 study prioritize latency tolerant low sensitive use case for evaluation
· IIoT use case: Sensor and actuator control, condition monitoring sensors in factories, environmental monitoring sensors such as temperature, pressure etc.,, and low power asset tracking applications   
· Commercial use case: Wearable devices such as smart watch, smart meter etc.,  

[bookmark: _Hlk115300334]In  Rel-16 and Rel-17, UEs monitor wake-up signal before the DRX active time in the connected mode in certain configured monitoring period in a way of duty cycle-based operation to achieve power saving gains. Similarly, the low power wake-up receiver does not need to be in always-on state and hence a certain duty cycle based operation should be considered. When the main receiver is powered-on and UE is configured to monitor the PDCCH occasions in the main receiver module, then the low power wake-up receiver in a supplementary chip can be powered-off. However, if an always-on radio is considered additionally to wake up the main receiver with lower latency and keep constant synchronization with the gNB. This always-on radio design will largely increase the UE power consumption, especially for the low-load scenarios. 
Proposal 2: Prioritize duty cycle-based LP-WUR application compared to always-on LP-WUR 
The Rel-16 and Rel-17 UEs wake-up signal monitoring was designed for both connected state and idle/inactive state. Considering the ultra-deep state of the main receiver and significant transient delay to power-on the main receiver, the Rel-18 can prioritize the study of the LP-WUR and LP-WUS for idle/inactive mode UEs. 
Proposal 3: Prioritize studying the LP-WUR for idle/inactive mode UEs 
The design of the new LP-WUS based UEs should make sure that the feature operates in a cell coexisting with the legacy UEs and further coexist with existing Rel16 and Rel17 power saving features while minimizing the impact on the base station hardware. The design of the new LP-WUS should taken into consideration on state transition from ultra-deep sleep state to micro-active state, ultra-deep state to active state and PDDCH monitoring adaptation  
Proposal 4: Consider coexistence in a cell with the legacy UEs supporting Rel16 and Rel17 power saving features   
___________________________________________________________________________________
UE Power saving evaluation for LP-WUR/LP-WUS
The evaluation in the study can be limited to RRC inactive/RRC idle mode UEs and the baseline for the evaluation methodologies can be taken from the UE power saving schemes in TR 38.840. Since most of the frequencies deployed in IoT scenarios are in the C-band i.e., 3.5GHz carrier frequency or even lower frequency band, i.e., 700MHz-800MHz, which should be prioritized compared to higher mmWave frequencies in FR2. Also, the cost of such IIoT devices should be cheaper and hence the RF chain/number of antennas should be limited and the baseline can be taken from that of RedCap where the number of antennas is limited to 1. Also, the design aspect should consider coverage of the LP-WUR to be similar as that of the coverage of the main NR receiver in a cell. 
Proposal 4: Consider FR1 and single receive antenna for coverage evaluation 
Proposal 5: Consider similar coverage level for the LP-WUR implemented in a supplementary chip and the main NR receiver 
Another important aspect to consider is the supported band for NR main receiver and the LP-WUS/LP-WUS receiver. NR main receiver may be operated in higher/licensed? frequency band, e.g, FR2-2, and hence significant cost may be needed to the RF components. To minimize the cost of the RF component, the LP-WUR and LP-WUS can be allowed to operate in out of band. The study should consider both in-band and out of band combination to evaluate the cost, complexity, and coverage. 
Proposal 6: Consider both in-band and out of band combination to evaluate the cost, complexity, and coverage of LP-WUR and LP-WUS
The LP-WUR is only needed to receive LP-WUS signal from gNB and hence the transmitter functionality may not be needed in the supplementary chip to support the main NR receiver. There can be another device capability of LP-WUR that can support both receive and transmit functionality. Hence the evaluation framework should first consider the receive-only LP-WUR.   
Proposal 7: LP-WUR device capabilities can include receive-only LP-WUR and transmit-receive LP-WUR. For evaluation framework, consider the evaluation of receive-only LP-WUR at the beginning
Some of the literature show the benefit of waveforms with OOK and FSK modulation schemes for LP-WUS transmission from gNB, which can achieve the power consumption below 1mW, while the IEEE 802.11ba adopts OFDM based OOK signal to transmit the LP-WUS. For the evaluation methodology, both the MC-OOK and FSK with their respective receiver architecture need to be considered as candidate waveforms to evaluate power consumption, coverage, data rate, sensitivity and selectivity etc., 
Proposal 8: Consider candidate waveform based on MC-OOK and FSK with their respective receiver architecture to evaluate power consumption, coverage, data rate, sensitivity and selectivity 
For evaluation purpose, the Redcap UE maximal bandwidth of 40MHz or Rel.18 Redcap UE minimal bandwidth and minimal SSB bandwidth of 5MHz can be the starting point for the design of the LP-WUS bandwidth. Considering the lower cost of the supplementary chip implementing, the LP-WUR receiver architecture with cheap local oscillator or even without oscillator need to be prioritized. The errors due to frequency offset should be compensated using a large bandwidth and guard bands to other existing NR signals/channels that are FDMed with the LP-WUS. 
Proposal 9: Consider candidate LP-WUS bandwidth similar to RedCap bandwidth, SSB bandwidth
Proposal 10: Consider LP-WUS to be FDMed with the existing NR signal/channel including the requirement for guard resource blocks
The latency of waking up the main receiver to receive the PDCCH signal after successful reception of the LP-WUS in the supplementary chip should be considered as part of the evaluation KPIs. The latency impact on the paging reception delay after waking up the main receiver should also be reported.
Proposal 11: Consider reporting the latency from the successful reception of the LP-WUS in the supplementary chip to the waking up of the main receiver to successfully receive PDCCH 
Proposal 12: Consider reporting paging reception delay with and without LP-WUR

Conclusion
[bookmark: _Hlk101873554]Below is the summary of proposals from our contribution 
Proposal 1: RAN1 study prioritize latency tolerant low sensitive use case for evaluation
· IIoT use case: Sensor and actuator control, condition monitoring sensors in factories, environmental monitoring sensors such as temperature, pressure etc.,, and low power asset tracking applications   
· Commercial use case: Wearable devices such as smart watch, smart meter etc.,  
Proposal 2: Prioritize duty cycle-based LP-WUR application compared to always-on LP-WUR 
Proposal 3: Prioritize studying the LP-WUR for idle/inactive mode UEs 
Proposal 4: Consider FR1 and single receive antenna for coverage evaluation 
Proposal 5: Consider similar coverage level for the LP-WUR implemented in a supplementary chip and the main NR receiver 
Proposal 6: Consider both in-band and out of band combination to evaluate the cost, complexity, and coverage of LP-WUR and LP-WUS
Proposal 7: LP-WUR device capabilities can include receive-only LP-WUR and transmit-receive LP-WUR. For evaluation framework, consider the evaluation of receive-only LP-WUR at the beginning
Proposal 8: Consider candidate waveform based on MC-OOK and FSK with their respective receiver architecture to evaluate power consumption, coverage, data rate, sensitivity and selectivity 
Proposal 9: Consider candidate LP-WUS bandwidth similar to RedCap bandwidth, SSB bandwidth
Proposal 10: Consider LP-WUS to be FDMed with the existing NR signal/channel including the requirement for guard resource blocks
Proposal 11: Consider reporting the latency from the successful reception of the LP-WUS in the supplementary chip to the waking up of the main receiver to successfully receive PDCCH 
Proposal 12: Consider reporting paging reception delay with and without LP-WUR
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