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3GPP™ Work Item Description

For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title: 
Study on ultra-low power wake up signal
Acronym: ULP-WUS
Unique identifier: 
 
NOTE:
For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.

If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. 

Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


1
Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	
	X

	Don't know
	
	
	
	X
	


2
Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2
Parent and child Work Items 
	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	{mandatory text: "parent WID" or "child WID"} 


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".
2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	


NOTE:
Also related or dependent WIs in other TSGs should be indicated.
3
Justification

5G systems are designed and developed targeting for both mobile telephony and vertical use cases. Besides latency, reliability, and availability, UE energy efficiency is also critical to 5G. Currently, 5G phones/wearables may have to be recharged per day or even several hours, depending on individual’s usage time. In general, 5G phones consume tens of milliwatts in RRC idle/inactive state and hundreds of milliwatts in RRC connected state. Designs to prolong battery life is a necessity for improving energy efficiency as well as for better user experience. Also, for sidelink communication, there are many commercial use cases besides vehicles, e.g. direct communication between AR/VR devices, or between smart phones and smart watches, therefore there is also a need for long battery life. 
Furthermore, energy efficiency is more critical for UEs without a reliable energy source, e.g., UEs using small rechargeable and single coin cell batteries. Among vertical use cases, sensors and actuators are deployed extensively for monitoring, measuring, changing, and etc. Generally, their batteries are not rechargeable and expected to last at least few years as described in TR 38.875: 
Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
Battery life requirement is also listed for some vertical use cases in TS 22.261, e.g., in asset tracking (outdoor), by using less than 1800 mWh of battery capacity, long lifetime without changing battery (typically 10-15 years) is expected to be sustained with accuracy of 1-30 m horizontal (depending on use cases and coverage area) and availability of 99%. And, in low power high accuracy positioning use case, with positioning interval/duty cycle setting to “on request’, battery life time of 24months is expected to be sustained with accuracy of 10m.  
Similarly, the requirements of battery life for wearables using small rechargeable batteries are described in TR 38.875:
Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

Wearables include smart watches, rings, eHealth related devices, and medical monitoring devices. With typical battery capacity varying from 700mWh to 2100mWh, it is challenging to sustain up to 1-2 weeks as required.
The power consumption depends on the configured length of wake-up periods, e.g., paging cycle. To meet the battery life requirements above, eDRX cycle with large value is expected to be used, resulting in high latency, which is not suitable for such services with requirements of both long battery life and low latency. For example, in fire detection and extinguishment use case, fire shutters shall be closed and fire sprinklers shall be turned on by the actuators within 1 to 2 seconds from the time the fire is detected by sensors, long eDRX cycle cannot meet the delay requirements. Thus, the intention is to study ultra-low power mechanism with low latency in Rel-18.

Currently, UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in RRC idle/inactive state. If UEs are able to wake up only when they are triggered, e.g., paging, power consumption could be dramatically reduced. This can be achieved by using wake-up signal to trigger main radio and an separate receiver which continuously monitors wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on(see Figure 1).

[image: image1]
Figure 1 ultra-low power UE wake up

The power consumption for monitoring wake-up signal depends on the wake-up signal design and the hardware module of the auxiliary receiver used for signal detecting and processing. Possible receiver architectures are as follows but not limited to,

· Very low power (VLP) wake-up receiver: for example, a RF front-end receiver may not require digital receivers or digitize the RF signal directly, without down-conversion to an IF, such design can bring about 5x times power reduction, i.e., several milliwatts can be achieved with little sensitivity degradation. 
· Almost-zero power (AZP) wake-up receiver, passive envelope detector can shut down the power consumption 100x-1000x times, i.e., 0.01~0.1 milliwatts. This is achieved by OOK waveform which may require simple energy accumulation and comparator as well as other simplified designs. Thus, the power consumption is able to be reduced to an extreme low level which can be applied to many battery-driven cases. However, envelope detection may cause some sensitivity degradation, e.g., down to 60 dB~80dB, and how to deal with the sensitivity degradation can be studied further. As the ultra-low power receiver for receiving wake-up signal can be separated with main radio, it can be versatile to wake up multiple systems, e.g., NR, LTE, sidelink, LTE-M, and NB-IOT. 
Table 1: comparison for ultra-low power receiver
	solution
	Range  
	Sensitivity
	Power consumption
	signals

	R17 PEI for IDLE
	> 500m
	>-100dBm
	30- 50 mW
	1 X
	R17 PEI

	VLP WUR
	> 500m
	>-100dBm
	1- 10 mW
	1/5 X
	Good design of wake-up signal, e.g., sequence based

	AZP WUR
	~ 100m
	~ -80 dBm
	<100uW
	0.001 ~ 0.01 X
	OOK waveform


Both out-band and in-band operation work for ultra-low power wake-up receiver is useful. A dedicated carrier for wake-up signal purpose only may cause low resource efficiency and inflexible for operator to deploy. To support the scenario where wake-up signal and legacy system are deployed in one carrier, the coexistence of wake-up signal and legacy signal/channel should be further studied.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The study item includes the following objectives:
· For UE stand-by, study the ultra-low power wake up to trigger main radio considering the following aspects:
· Study and evaluate the trade-off between receiver sensitivity and power consumption considering feasible receiver architectures, e.g., RF/Analog Front-end and/or dedicate wake-up receiver, with ultra-low power consumption [RAN1, RAN4]
· Study the wake-up signal design enabling the UE wake-up with ultra-low power consumption and efficient system operation. [RAN1, RAN4]
· Basic structure of wake-up signal
· Narrow bandwidth
· Multiplexing of wake-up signals
· In-band and/or out-band operation by considering the following
· coexistence with the legacy signal/channels for in-band operation
· inter-cell interference 
· operation on licensed/unlicensed band
· method to ensure network reachability 
· Study the possible procedures to support the ultra-low power UE wake up [RAN2, RAN1]
· The ultra-low UE wake up feature is configured by the network
· UE procedure for ultra-low power wake up signal monitoring
· UE procedure for main radio activity triggered by ultra-low power wake up signal
· Potential UE state transition 
Note: The main radio may include but not limited to NR, LTE, sidelink, LTE-M, NB-IOT, etc. 
4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

5
Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	TR 38.XXX
	
	Study on almost-zero-power wake up signal 
	RAN #99
	RAN #100
	


NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	


NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)
7
Work item leadership
Primary:
RAN WG1
Secondary:  RAN WG2, RAN WG4
8
Aspects that involve other WGs
NOTE:
For RAN WIDs: Section 8 applies only to WGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
9
Supporting Individual Members
	Supporting IM name
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