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1 General
The Rel-18 LP-WUS/WUR study item is completed in RAN1/2/4 on track. [26] has proposed potential objectives as listed in RP-232745 as a starting point for LP-WUS/WUR WI. Companies’ contributions in [1]-[25] propose more details.
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Section 2 describes WI details.
2	WI details
2.1 Justifications
· Proposal#0-v1
	Justification part:

<Copy the SI justification part>

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 TR 38.875. 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, 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. eDRX is apparently not suitable for latency-critical use cases. 

<Adding the SI outcome>
The Rel-18 study item for "Study on low-power wake up signal and receiver for NR" includes investigations to the followings.
· the impact of 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 designs and procedures changes needed to support the wake-up signal and evaluations for the link performances.
· higher layer protocol changes needed to support the 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. 





2.2 Scope
· 2.2.1 LP-WUS waveform 
After RAN#101 discussion, it was concluded to focus on direction 1 and direction 2 for LP-WUS waveform (RP-232616).
 It was understood that direction 1 still leave the room to potential further down-selection between OOK only (i.e. Option 1) and OOK with specified OFDM sequence(i.e. Option 3), while in direction 2 only Option 3 will be selected. 
Direction 1:
· Waveform-option-1: OOK-1 and/or OOK-4, as described in section 7.2.1.1 (A)(D) in TR38.869. 
· Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlayed OFDM sequences over OOK symbol
· For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell. 
Direction 2:
· Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlayed OFDM sequences over OOK symbol
· For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell. 


Based on the contribution, companies view are summarized as below 
	Options
	Supporting companies

	Direction 1: Waveform-option-1 + waveform-option-3 (9)
	China Telecom, CMCC, LGE(option 3 requires further study),,NEC, DOCOMO (option 3 requires further study), OPPO, Ruijie, vivo, ZTE(option 3 requires further study)

	Direction 2: Waveform-option-3 Only (12)
	Apple, CATT, Ericsson, FutureWei, Huawei/Hisilicon, MediaTek, Nokia, Qualcomm, Spreadtrum, Xiaomi, Samsung Interdigital,



Given split view between direction 1 and 2, moderator suggest to consider the following
· Specify OOK-1/OOK-4 waveform for LP-WUS targeting envelop-detection based LP-WUR
· Specify Overlaid OFDM sequence over OOK symbol for LP-WUS targeting OFDM based LP-WUR


Some companies (Qualcomm, ZTE, OPPO, vivo, etc) mentioned that the overlaid OFDM sequence should only be used for improving the detection performance for OFDM based LP-WUR, rather than carrying additional information. It would be good to decide, if possible. 
…
· Proposal#1-v1
	· Specify OOK-1/OOK-4 waveform for LP-WUS 
· Specify additional overlaid OFDM sequence over OOK symbol 
· The overlaid OFDM sequence only used to improve the detection performance of LP-WUS



· 2.2.2 LP-SS waveform 
Periodicity of LP-SS
[QC]: LP-SS transmission periodicity could be order of hundreds ms and its overhead is less than 0.4%
[MTK][vivo][Futurewei][CATT] [CMCC] [Nordic][China Unicom] [China Telecom] : >=320ms
[Xiaomi] 160, 320, 640 and 1280 ms

LP-SS waveform
· OOK-1/4 without overlaid OFDM sequence for LP-SS
· Supporting companies: vivo, Samsung, CATT
· OOK-1/4 with overlaid OFDM sequence for LP-SS
· Supporting companies: HW, Apple
· 
Others
LP-SS: 32-bit sequence using OOK-4 (M=8) over 5 MHz and 4 OFDM symbols.[FW]
The subcarrier spacing of the LP-WUS/LP-SS signal is aligned to the SCS used by NR carrier[Nokia]

· Proposal#2-v1
	· For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell.
· The periodicity of LP-SS should be at least no less than 320ms

· Discuss and down-select
· LP-SS is based on OOK-1 and/or OOK-4 waveform with overlaid OFDM sequence
· LP-SS is based on OOK-1 and/or OOK-4 waveform without overlaid OFDM sequence





2.2.3 Remaining aspects
2.2.3.1 Measurement aspects
For RRC IDLE/INACTIVE

Moderator observed that most companies proposed to support both MR RRM measurement relaxation (serving and neighbor cell) and serving cell measurement offloading from MR to LR. Which is aligned with the current scope in 2745. 

On MR RRM relaxation factor, several companies would like to specify in the WID that X>=8 should be supported

UE RRM by MR is relaxed by X times and/or offloaded to LR
· Offloading only
· (3) [LGE], [QC], [Interdigital]
· Both RRM offloading to LR and MR X times RRM relaxation are considered
· (16) [Apple], [CMCC], [FW], [HW], [DoCoMo], [OPPO], [Spreadtrum], [vivo], [Xiaomi], [ZTE],  [China Unicom], [China Telecom], [Nordic],[Nokia], [NEC], [Ruijie]
· MR RRM relaxation times: X
· [Vivo], [CMCC], [China Unicom], [China Telecom], [Nordic]: X>=8, upper limit to be decided in WI
For RRC CONNECTED
Several companies proposed that UE RRM/RLM/BFD/CSI measurements are performed by MR, which is aligned with current scope in RP-232745. 
· In CONNECED mode operation, UE RRM/RLM/BFD/CSI measurements are performed by MR
· [vivo][Xiaomi][Nokia] [CMCC] [ZTE][NEC][China Unicom][China Telecom][Nordic]

2.2.3.2 Supported RRC states:
Moderator observed that most companies agree to support both IDLE/INACTIVE and CONNECTED mode usage for LP-WUS and strive for a common LP-WUS design, which is aligned with current scope in RP-232745
· Prioritize RRC IDLE/INACTIVE mode
· [E///] [QC]
· Both for RRC IDLE/INACTIVE and CONNECTED mode
· [Apple][CATT][CMCC][FW][HW][LGE][MTK][NEC][DoCoMo][Samsung][vivo][ZTE][Nokia][IDC][China Unicom][China Telecom][Nordic] [Spreadtrum][Ruijie][Xiaomi]

Some companies propose to strive for common design for RRC IDLE/INACTIVE and CONNECTED mode.
· [Spreadtrum][Samsung][vivo][DoCoMo] [ZTE] [China Unicom][China Telecom][Nordic][RUIJIE]

Several companies also want to capture the following RAN2 agreement in the WID as a note for IDLE/INACTIVE.  [vivo][CMCC] [China Unicom][China Telecom][Nordic]

· Note: It is assumed that network does not need to be aware of whether UE is monitoring LP-WUS or not


2.2.3.3 LP-WUS Monitoring Scheme
RAN1 has studied duty-cycled monitoring and continuous monitoring scheme
· Duty-cycled monitoring: 
· [QC], [Apple], [Ericsson], [IDC], [Spreadtrum], [FutureWei], [Nokia], [DOCOMO], [Xiaomi]
· Both duty-cycled and continuous monitoring (LP-WUR active power no more than 1 unit): 
· [ZTE], [CMCC], [Ruijie]

2.2.3.4 LP-WUS coverage target
Moderator observed that most companies agree to select PUSCH for MSG3 as the coverage target for LP-WUS design, which is aligned with current scope in RP-232745
· PUSCH for message3: [QC], [CMCC], [FW], [HW], [MTK], [ZTE], [vivo], [China Unicom], [China Telecom], [Nordic]
· PDCCH for paging: [Ericsson]
· Whole cell coverage is beneficial and should be pursued. [Xiaomi]
2.2.3.5 WUS payload and content
Payload
· At least support similar capability as PEI, i.e. 8bits [QC][Xiaomi][E///][vivo][CMCC][China Unicom][China Telecom][Nordic] 
· Specify utilizing PDCCH with 12-RB common CORESET, non-interleaved CCE-to-REG mapping and limited payload size ([4 – 6] bits) as OFDMA-based LP-WUS [MTK]
· LP-WUS: 16 information + 8 CRC bits using OOK-4 (M=2) over 5 MHz and 24 OFDM symbols.[FW]

Content
IDLE/INACTIVE
· wake-up indication
· [HW][FW][Xiaomi]
· Target User(s)
· [FW]
· Cell ID, system information change, and ETWS/CMAS
· [FW][Xiaomi]
· Sub-group ID, similar to PEI mechanism
· [Xiaomi] [E///][China Telecom][LGE][MTK][Nokia][ZTE]
CONNECTED
· Indication to wake-up for PDCCH monitoring in RRC connected
· [FW] [HW][LGE][Samsung][Spreadtrum][Xiaomi][China Telecom][Nokia][DoCoMo][vivo][ZTE]


2.2.3.6 Summary
· Proposal#3-v1
	
· For RRC IDLE/INACTIVE mode, 
· UE serving cell RRM measurement offloaded from MR to LR
· Further time domain relaxation (at least X times) of UE MR RRM measurement for both serving and neighbor cell measurement 
· To down-select
· Option 1: X to be determined in the WI phase
· Option 2: X>=8 
· For CONNECED mode, UE RRM/RLM/BFD/CSI measurements are performed by MR
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes
· For IDLE/INACTIVE mode, to specify procedures to allow UE MR paging monitoring triggered by LP-WUS
· Note: It is assumed that network does not need to be aware of whether UE is monitoring LP-WUS or not
· For CONNECTED mode, to specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS
· At least duty-cycled monitoring for LP-WUS is supported
· Note: LP-WUS shall be able to reach at least the coverage of PUSCH for message3.
· The information bits that can be carried by LP-WUS is no less that 8bits



2.2.4 RAN4 related
Based on the TR38.869 conclusion for RAN4, 

Besides the above conclusions, RAN4 also identified some issues which could be further discussed in WI phase, e.g., 
· Specifying at least the REFSENS, ACS and ASCS requirements with consideration of possible new methodology
· Impacts of different architecture on RF requirements, if any
· Specific guard RBs for ACS and ASCS cases
· Study and specify BS power boosting value/range for LP-WUS 
· Specific IMT operating band(s) for LP-WUS if necessary
· Possible testability issues
It is noted that all above issues to be considered in WI stage are all based on the final agreed waveforms decided by RAN1/RAN-P.


· Proposal#4-v1
	· Specify UE and BS RF related aspects 
· Specifying at least the REFSENS, ACS and ASCS requirements with consideration of possible new methodology
· Impacts of different architecture on RF requirements, if any
· Specific guard RBs for ACS and ASCS cases
· Study and specify BS power boosting value/range for LP-WUS 
· Specific IMT operating band(s) for LP-WUS if necessary
· Possible testability issues




2.2.5 Others
BW and location
· WUR should support band and carrier tuning and flexible frequency location within a carrier. [E///]
· Deployment scenario for LP-WUS/WUR includes at least FR1 band [ZTE]
· [bookmark: _GoBack]It is proposed to specify a limited number of band(s), i.e., 900 MHz band and/or 1800 MHz band, for LP-WUS feature in Rel-18. [HW]

Wake-up procedure
· Forward compatibility to allow wake-up other system should be considered. [CMCC]
· As a baseline for WUS monitoring, WUS monitoring is associated to PO/PEI occasion. [E///]
· WUR operation should not deteriorate legacy paging reception success rate. [E///]
· Support at least legacy/dynamic PO monitoring in RRC Idle/Inactive and PDCCH monitoring in RRC connected as functionality upon LP-WUS detection. [FW]

Co-existence
· Specify the ACL of LP-WUS while it is transmitted with NR signals/channel in the same carrier [CATT]
· For gNB, transmission of LP-WUS should not require new hardware nor trigger new emissions/compliance requirements. [E///]
· Specify the ACS and ASCS requirement for LP-WUS/LP-SS, and RB numbers for LP-WUS ASCS in RAN4. [OPPO]
· LP-SS/WUS should be able to be multiplexed with other NR channels/signals of main radio in the same OFDM symbols. [Xiaomi]
· For OFDM-based LP-WUR, reusing/extending legacy wake-up designs[MTK]
Coding
· Manchester coding [Spreadtrum][QC]
· Robust coding, e.g., Manchester coding. [Xiaomi]

Others
· Wake-up receiver (LP-WUR) procedures include Time/frequency tracking function, and ideally beam management function, should be provided. [QC]
· Time domain repetition, Power boosting [Xiaomi]
· Flat spectrum scheme , Central part repetition scheme[ China Telecom]
· To allow UE to prioritize LP-WUS capable cell for cell reselection[LGE][Nokia]
· Strive for a unified design and mechanisms of LP-WUS/WUR across all RRC state[NTT DOCOMO]
· Further discuss if the overlaid sequences introduced only for the detection performance purpose.[OPPO]

2.2.6 Draft WID
A draft WID version is proposed as below for, the text will be further updated according to the outcome of above discussion. 


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, RAN2, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS for envelop detection based LP-WUR
· Specify additional overlaid OFDM sequence over OOK symbol 
· The overlaid OFDM sequence only used to improve the detection performance of LP-WUS
· At least duty-cycled monitoring of LP-WUS is supported
· Note: LP-WUS shall be able to reach at least the coverage of PUSCH for message3
· For IDLE/INACTIVE modes, 
· Specify procedures to allow UE MR (Main receiver) paging monitoring triggered by LP-WUS (RAN1, RAN2, RAN3)
· Note: It is assumed that network need not be aware of whether UE is monitoring LP-WUS or not
· Specify LP-SS with periodicity no less than [320ms] for LP-WUR that cannot receive existing PSS/SSS, for synchronization and/or RRM for serving cell. (RAN1, RAN2, RAN4)
· [LP-SS is based on OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection during WI.]
· Specify further RRM relaxation X times of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR (RAN4, RAN2, RAN1)
· To down-select
· Option 1: X to be determined in the WI phase
· Option 2: X>=8 
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS (RAN2, RAN1)
· Note: In CONNECED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Specify UE and BS RF related aspects (RAN4)
· Specify at least the REFSENS, ACS and ASCS requirements with consideration of possible new methodology and impacts of different receiver architectures
· Study and specify BS power boosting value/range for LP-WUS/LP-SS 
· Specific IMT operating band(s) for LP-WUS if necessary
· Possible testability issues
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[12] RP-233290	Low-power Wake-Up Signal / Wake-Up Receiver	Ericsson
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A Potential objectives:
* - Waveform & LP-SS support

Waveform-option-1 + waveform-point-3, or waveform-

point-3 only =
— Waveform-option-1: OOK-1 and/or OOK-4, as
described in section 7.2.1.1 (A)(D) in TR38.869.
— Waveform-option-3: Harmonized design that
accommodates OOK-1/00K-4 and OFDM
waveform, i.e., specified overlayed OFDM
sequences over OOK symbol

For RRC IDLE/INACTIVE, in addition to existing
PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4
waveform with/without overlayed OFDM sequences
with potential further down selection in W1 phase) for
LP-WUR that cannot receive existing PSS/SSS, is
supported for synchronization and/or RRM for serving
cell.

For IDLE/INACTIVE operation, specify
» UE serving cell RRM measurement offloaded from MR to LR
» Further time domain relaxation (at least X times) of UE MR
RRM measurement for both serving and neighbor cell
measurement
» X to be determined in the WI phase
Note: For CONNECTED mode, UE RRM/RLM/BFD/CSI
measurements are performed by MR

To specify an LP-WUS design commonly applicable to both
IDLE/INACTIVE :and CONNECTED modes

For IDLE/INACTIVE mode, to specify procedures to allow UE MR
paging monitoring triggered by LP-WUS

For CONNECTED mode, to specify procedures to allow UE MR
PDCCH monitoring triggered by LP-WUS

At least duty-cycled monitoring for LP-WUS is supported

Note: LP-WUS shall be able to reach at least the coverage of
PUSCH for message3d




