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3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: New WID on low-power Wake-up Signal and Receiver for NR
Acronym: NR_LPWUS
Unique identifier: 1020094


NOTE:
For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.


For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.


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
	X

	This WID includes a Performance part
	X



or:

	This WID includes a Testing part
	

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

	
	Core Network
	

	
	Services
	


Potential target Release:
Rel-19
{Replace XX by the intended Release, e.g. Rel-19. Note that this field indicates the proposed Release at the time of submission of the WID to TSG approval. It can later be changed without a need to revise the WID. The updated target Release is indicated in the Work Plan}

NOTE: In case of contradiction with the target dates of clause 5, clause 5 determines the target release.
1
Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	
	

	Don't know
	
	
	
	X
	


2
Classification of the Work Item and linked work items

2.1
Primary classification

{The full structure of all existing Work Items is shown in the 3GPP Work Plan in https://ftp.3gpp.org/Information/WORK_PLAN}

This description is either a … 

	
	Study Item


or a

	Normative Work Item:

tick applicable boxes below

	
	Stage 1

	
	Stage 2

	X
	Stage 3

	
	Other (e.g. testing)


2.2
Parent Work Item

For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.

	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	FS_NR_LPWUS
	RAN1
	940085
	Study on low-power Wake-up Signal and Receiver for NR


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 include the feature WI data (In case the feature covers Core and Perf. 
part, please list under Working Group the leading WG of the Core part).
2.3
Other related Work Items and dependencies

	Other related Work/Study Items (if any)

	Acronym
	Unique ID
	Title
	Nature of relationship

	FS_NR_redcap
	860035
	Study on support of reduced capability NR devices
	

	NR_UE_pow_sav_enh
	860047
	UE power saving enhancements for NR
	

	NR_redcap
	900062
	Support of reduced capability NR devices
	

	FS_NR_UE_pow_sav
	800094
	Study on UE Power Saving in NR
	

	NR_UE_pow_sav-Core
	830175
	UE Power Saving in NR
	


NOTE:
Also related or dependent WIs/SIs in other TSGs shall be indicated here.

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 devices may have to be recharged per week or day, depending on individual’s usage time. In general, 5G devices 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. 
Energy efficiency is even more critical for UEs without a continuous 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, charging, etc. Generally, their batteries are not rechargeable and expected to last at least few years as described in TR38.875. Wearables include smart watches, rings, eHealth related devices, and medical monitoring devices. With typical battery capacity, 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, long eDRX cycle may 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. eDRX is apparently not suitable for latency-critical use cases. 
The Rel-18 study item for "Study on low-power wake up signal and receiver for NR" includes investigations to the followings.
· The low-power wake-up signal and receiver, including power saving benefit, coverage, system overhead impact, network energy impact and other related aspects.

· The receiver architecture for low-power wake-up receiver and provide analysis for power consumption, noise figure and etc.

· L1 design and procedure changes needed to support the low-power wake-up signal and evaluations for the link performances.

· Higher layer protocol changes needed to support the low-power wake-up signals

· Related RAN4 impacts

In RRC IDLE/INACTIVE modes, it’s observed that significant UE power saving gain (up to more than 90%) is obtained by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied. Further, compared with existing eDRX operation, significant paging latency reduction and moderate UE power saving gain is observed, if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX.
In RRC CONNECTED mode, it’s observed that moderate UE power saving gain (up to more than 10%) is obtained with marginal impact to capacity by using LP-WUS/WUR to trigger UE MR PDCCH monitoring compared with existing UE power saving techniques, across different types of XR traffic and system load scenarios. It’s also observed that significant UE power saving gain (up to more than 60%) and moderate UPT improvement (up to more than 10%) is obtained for FTP and IM traffic, when the UE MR enters deep sleep state during LR LP-WUS monitoring. Furthermore, Rel-18 study verified the feasibility on serving cell RRM measurement offloading from UE MR to LP-WUR by reasonable evaluation methodology. RAN4 also identified some issues which could be further discussed in WI phase. 
Based on the SI outcome, it is proposed to specify LP-WUS/WUR in Rel-19. 
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI

The objectives of the work item are the following:

· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.

· Y will be decided within WI. 320ms is the start point.

· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2

· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.

· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· Specifying UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the throughput
· Study and select an approach for determining the corresponding SNR for REFSENS
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements

· Consider impacts of different architecture and impairments, and if necessary, introduce multiple sets of requirements accordingly
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline.
· Specify necessary RRM requirements
4.2
Objective of Performance part WI

NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

· Specify the UE demodulation performance and test cases for LP-WUS/WUR (RAN4).
· Study testability of above requirements
· Specify RRM measurement performance requirement and corresponding test cases for the LP-WUS/WUR (RAN4).
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, then 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

{If this WID covers both stage 2 and stage 3, clearly indicate the different completion dates.}

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

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	

	
	
	
	
	
	


{Note 1: Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.}

NOTE:
If this is a RAN WI 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

	38.211
	NR; Physical channels and modulation
	RAN#108
	Core part

	38.212
	NR; Multiplexing and channel coding
	RAN#108
	Core part

	38.213
	NR; Physical layer procedures for control
	RAN#108
	Core part

	38.214
	NR; Physical layer procedures for data
	RAN#108
	Core part

	38.215
	NR; Physical layer measurements
	RAN#108
	Core part

	38.300
	NR; NR and NG-RAN Overall description; Stage-2
	RAN#109
	Core part

	38.304
	NR;User Equipment (UE) procedures in Idle mode and RRC Inactive state
	RAN#109
	Core part

	38.306
	NR; User Equipment (UE) radio access capabilities
	RAN#109
	Core part

	38.321
	NR; Medium Access Control (MAC) protocol specification
	RAN#109
	Core part

	38.331


	NR; Radio Resource Control (RRC); Protocol specification
	RAN#109
	Core part

	38.420
	NG-RAN; Xn general aspects and principles
	RAN#109
	Core part

	38.423
	NG-RAN; Xn Application Protocol (XnAP)
	RAN#109
	Core part

	38.101-1
	User Equipment (UE) radio transmission and reception;

Part 1: Range 1 Standalone
	RAN#109
	Core part

	38.101-2
	User Equipment (UE) radio transmission and reception;

Part 2: Range 2 Standalone
	RAN#109
	Core part

	38.104
	NR; Base Station (BS) radio transmission and reception
	RAN#109
	Core part

	38.133
	NR; Requirements for support of radio resource management
	RAN#109
	Core part

	38.133
	NR; Requirements for support of radio resource management
	RAN#111
	Performance part

	38.104
	NR; Base Station (BS) radio transmission and reception
	RAN#111
	Performance part

	38.101-4
	NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements
	RAN#111
	Performance part

	
	
	
	


NOTE:
If this is a RAN WI 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)

Primary: 
Xueming Pan (panxueming@vivo.com) 

Secondary:
Shinya Kumagai (shinya.kumagai.yw@nttdocomo.com)

7
Work item leadership

Primary responsible Working Group: RAN1 
Secondary responsible Working Group(s): RAN2, RAN4, RAN3
8
Aspects that involve other WGs

{The “aspects” can be provided by topic (e.g. “security”, “multimedia”) and/or by specifying the WG(s) e.g.: "SA2, SA3, SA5, SA6. CT6 for storage, and potentially SA4". If not applicable, indicate "None" or "None identified yet"}

{For a Stage 2 WID requiring Stage 3 to be done by another group: on a best-effort basis, indicate which potential WG is expected to specify the Stage 3: possible values: "Not applicable", " unknown", "CT WGs", etc.}

NOTE:
For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because all RAN WG aspects have to be covered in section 4.

9
Supporting Individual Members

{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.}

	Supporting IM name

	vivo

	NTT DOCOMO

	Guangdong Genius

	Panasonic

	Spreadtrum

	CAICT

	InterDigital

	FUTUREWEI

	Apple

	CATT

	Qualcomm

	Sony

	Xiaomi

	SHARP

	Ericsson

	Lenovo

	Motorola Mobility

	ZTE

	Sanechips

	Samsung

	OPPO

	Huawei

	HiSilicon

	Nokia

	Nokia Shanghai Bell

	Intel Corporation

	Vodafone

	CMCC

	China Telecom

	LG Electronics

	China Unicom

	Verizon

	EURECOM

	MediaTek Inc.

	Nordic Semiconductor ASA

	III

	China Broadnet

	Cybercore

	ETRI

	HONOR

	KT Corp.

	Fujitsu

	New H3C

	Ruijie Networks

	Dell technologies

	ITL

	TCL

	CEWiT

	Semtech

	NEC

	WILUS

	Everactive


4

