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Introduction
As opposed to the work on UE power savings in previous releases, this study will not require existing signals to be used as WUS. All WUS solutions identified shall be able to operate in a cell supporting legacy UEs. Solutions should target substantial gains compared to the existing Rel-15/16/17 UE power saving mechanisms. Other aspects such as detection performance, coverage, UE complexity, should be covered by the evaluation.
The study item includes the following objectives [1]:
· 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. 
In this contribution, we discuss use cases, KPIs and evaluation methodology of the lower power wake-up signal. 
Use cases & KPIs 
UE power saving and wake-up mechanisms have been designed in Rel-16 and Rel-17. DRX adaptation was introduced for CONNECTED mode UEs in Rel-16, in which DCI format 2_6 can be used to indicate UE wake-up or not. In Rel-17, paging early indication (PEI) was designed for IDLE/INACTIVE mode UEs, it uses DCI format 2_7 to indicate UE wake-up or not at the configured paging occasion. 
In previous release, the power consumption depends on the configured length of wake-up periods. The value of eDRX cycle will affect the battery life and communication latency. In order to achieve a longer battery life, a longer wake-up period can be configured, which will lead to a high latency. It is not suitable for some services with requirements of both long battery life and low latency. The intention of Rel-18 low power WUS/WUR is to study ultra-low power mechanism that can support low latency. 
Rel-18 lower power wake-up receiver can be used for the following use cases.
· Industrial Wireless Sensor Network (IWSN) – IWSN has a wide range of applications, including building automation, industrial process automation, power facility automation, automatic meter reading and inventory management, environmental sensing, security, production line monitoring, etc. A large number of sensor nodes are often deployed in these application scenarios, and the sensor nodes are used for temperature and humidity monitoring, vibration monitoring, production line monitoring, industrial automation and numerical management, hazardous event monitoring, etc. The sensors need a long battery life with low latency.
· Smart Wearable – It is user-centered in the smart wearable scenario and various devices worn by consumers are connected through the Internet of things technology, which has been applied in many fields (such as health monitoring, activity recognition, assisted living, mobile perception, smart clothing, indoor positioning, etc.). Smart wearable devices driven by batteries have a relatively short battery life. If more functions are enabled, the power consumption will further increase, and users often need to charge frequently to ensure the normal use of the device. This will greatly affect the user experience. Rel-18 lower power WUS/WUR can help increase battery life of smart wearable devices.
· Smart Home – Smart home takes housing as the platform and connects various devices at home through the Internet of things to build an efficient and livable system. Smart home makes use of various functions and means such as automatic control, lighting control, temperature control, anti-theft and alarm control of home appliances to make the home environment safer, more convenient and more comfortable. If battery life of sensors and small devices in smart homes could increase, it will bring a good user experience.
· Medical Health - The medical health field involves patient information management, health data monitoring and management, medical emergency management, drug storage, blood information management, drug preparation error prevention, medical devices and drug traceability, information sharing and interconnection, etc. It is not easy to replace battery of the devices in medical health. At the same time, medical health field usually requires low latency. Rel-18 lower power WUS/WUR could well meet the requirements which increase battery life with low latency.
· etc.
Observation 1: Rel-18 lower power WUS/WUR could apply in many use cases, such as Industrial Wireless Sensor Network, Smart Wearable, Smart Home, Medical Health, etc.
For RRC IDLE/INACTIVE mode, LP-WUS can be used to wake up the main receiver for paging, while in RRC_CONNECTED mode, it can be used to wake up the main receiver for traffic monitoring. Main radio can be power off or go into sleep states, i.e., deep, light, micro sleep. The following requirements and KPIs need to be considered during LP-WUS study. 
Table1: KPIs for LP-WUS/WUR
	KPIs
	Characteristics

	Power consumption of LP-WUR
	Tens to hundreds of uW

	Power saving gain
	Substantial gains compared to previous releases

	Latency
	IDLE/INACTIVE mode: Hundreds of milliseconds
CONNECTED mode: Several milliseconds

	Coverage of LP-WUS
	Same/close to NR DL control channels

	Resource overhead
	Small frequency resource occupied

	UE receiver sensitivity
	-80~-60dBm



Proposal 1: KPIs in table1, such as power consumption of LP-WUR, power saving gain, latency, coverage of LP-WUS, resource overhead, UE receiver sensitivity, etc. should be considered when study LP-WUS/WUR.
Evaluation methodology
There are two possible working mechanism for LP-WUR. One is the LP-WUR monitors LP-WUS by an always on manner, i.e. LP-WUR always keeps ON state. The other one is LP-WUR combined with current mechanism, e.g. legacy DRX cycle, C-DRX, etc. In this case, LP-WUR can monitor LP-WUS by a periodical manner. LP-WUR may have multiple states, e.g., ‘on’ and ‘sleep’ states.
It can work well no matter LP-WUR monitors LP-WUS by always on or periodically manner. For the periodically manner, gNB can provide a periodical signal for LP-WUR, UE main radio can quickly sync with gNB after wake up and the LP-WUR could have lower power consumption during ‘sleep’ state than ‘on’ state. If LP-WUR keep ON state anytime, it is better to reduce resource overhead and latency.
Proposal 2: Working mechanism for LP-WUR should be determined first, i.e. it need to determine LP-WUR monitor LP-WUS by always on or periodically manner.
UE power consumption model
The power consumption model defined in TR 38.840 can be reused as much as possible. Power consumption for Rel-18 LP-WUR/WUS consists of main radio and LP-WUR. Based on the power model defined in TR38.840, new power state and power consumption for main radio and LP-WUR should be added.
Table 2: UE power consumption model for LP-WUS/WUR
	Power State 
	Characteristics 
	Relative Power 

	Main radio

	[Quasi] Power Off
	Main radio can keep power off when LP-WUR not wake-up main radio.
	[0.01]

	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 (Optional: 0.5) 

	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

	LP-WUS monitor
	Monitoring of low power wake-up signals.
[Two possible working mechanism, i.e., monitor lower power wake-up signals by always on or periodically on manner.]
	[0.5]

	[LP-WUR sleep]
	Lower power wake-up radio keeps sleep state when no lower power wake-up signals.
[Monitoring LP-WUS by periodically manner]
	[0.01]



Proposal 3: New power states and power consumption values should be defined in UE power consumption model for main radio and LP-WUR, respectively.
Proposal 4: UE power consumption model in TR38.840 can be modified as table 2 for Rel-18 LP-WUR/WUS.
Main radio has a new power state which is different from deep sleep, though the power consumption is lower than deep sleep state, it will cause a larger transition time and transition energy. New state transition should be considered and the UE power consumption during the state transition should be captured in TR.
Table 3: UE power consumption during the state transition
	Sleep type 
	Additional transition energy: 
(Relative power x ms) 
	Total transition time 

	[Quasi] Power Off
	[bookmark: _GoBack][5000]
	[200 ms]

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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


Proposal 5: The power consumption and transition time during the state transition which main radio goes into power off should be considered.

Simulation assumptions
Simulation assumptions for Rel-18 low power wake-up signal are as follows.
Deployment scenarios
· Dense urban
· Indoor hotspot
Performance metrics
· UE power saving gain - percentage of power consumption reduction of the proposed power saving scheme from the baseline scheme.
· Paging cycle with PEI and eDRX with PEI can be the baseline scheme.
· Latency and Scheduling delay
· Over head for reception of the LP-WUS
· Coverage performance of the LP-WUS
· False alarm rate and miss-detection rate for the detection of LP-WUS
Traffic model used for the UE power saving scheme evaluation
	 
	Instant messaging
	Heartbeat
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674 [7]. Assume max two packets bundled.

	Packet size
	0.1 Mbytes
	100 Bytes
	

	Mean inter-arrival time
	2 seconds
	60 seconds
	

	DRX setting
	Period = 320 ms
Inactivity timer = 80 ms
	C-DRX cycle 640 ms 
Inactivity timer {200, 80} ms
	Period = 40 ms
Inactivity timer = 10 ms



Proposal 6: Following Performance metrics should be evaluation.
· UE power saving gain,
· Latency and Scheduling delay
· Overhead for reception of the LP-WUS
· Coverage performance
· False alarm rate and miss-detection rate
Conclusion
In this contribution, we have discussed and analyzed use cases, KPIs, evaluation methodology of lower power wake-up signal. We have following observations and proposals:
Observation 1: Rel-18 lower power WUS/WUR could apply in many use cases, such as Industrial Wireless Sensor Network, Smart Wearable, Smart Home, Medical Health, etc.
Proposal 1: KPIs in table1, such as power consumption of LP-WUR, power saving gain, latency, coverage of LP-WUS, resource overhead, UE receiver sensitivity, etc. should be considered when study LP-WUS/WUR.
Proposal 2: Working mechanism for LP-WUR should be determined first, i.e. it need to determine LP-WUR monitor LP-WUS by always on or periodically manner.
Proposal 3: New power states and power consumption values should be defined in UE power consumption model for main radio and LP-WUR, respectively.
Proposal 4: UE power consumption model in TR38.840 can be modified as table 2 for Rel-18 LP-WUR/WUS.
Table 2: UE power consumption model for LP-WUS/WUR
	Power State 
	Characteristics 
	Relative Power 

	Main radio

	[Quasi] Power Off
	Main radio can keep power off when LP-WUR not wake-up main radio.
	[0.01]

	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 (Optional: 0.5) 

	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

	LP-WUS monitor
	Monitoring of low power wake-up signals.
[Two possible working mechanism, i.e., monitor lower power wake-up signals by always on or periodically on manner.]
	[0.5]

	[LP-WUR sleep]
	Lower power wake-up radio keeps sleep state when no lower power wake-up signals.
[Monitoring LP-WUS by periodically manner]
	[0.01]


Proposal 5: The power consumption and transition time during the state transition which main radio goes into power off should be considered.
Proposal 6: Following Performance metrics should be evaluation.
· UE power saving gain,
· Latency and Scheduling delay
· Overhead for reception of the LP-WUS
· Coverage performance
· False alarm rate and miss-detection rate
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