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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Rel-18 study item on low power wake up signal was agreed upon during the RAN#94-e and revised in RAN#97-e, where following high-lighted SID objectives were outlined to support the discussion:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 

This contribution provides 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. 
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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