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Introduction
In Rel-18, a study item was approved for low-power wake-up signal and receiver for NR (WID in RP-222644 [1]), and it includes the following objectives.
	· 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 summarizes the discussions on L1 signal design and procedure for low power WUS in RAN1#111. 
Section 2 provides a summary of the outcome. Section 3 documents the detailed discussions. Companies’ proposals from the contributions are captured in the Section 5. TDOCs are referenced in Section 4.
At this point, please provide kindly input to proposals marked with FL3
Outcome
Proposals for GTW Tuesday:
FL3 High Priority Proposal 1-1a:
· Study generation and link performance (BLER) of multi-carrier (MC)-ASK/[OOK] waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM [FFS : drop CP at transmitter)] symbol, consider X=[1-M] bits transmitted per OFDM symbol, where M is FFS. 
· Note that above does not preclude DFT-S-OFDMA 
· study link performance considering at least the following aspects
· Filtering of transmitted waveform at the transmitter
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Guard bands, if any, around LP-WUS

FL3 High priority Proposal 1-1b:
· Study generation and link performance (BLER) of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol [FFS : drop CP at transmitter)] symbol, consider X=[1-M] bits transmitted per OFDM symbol, where M is FFS.
· study link performance considering the following aspects
· Filtering of transmitted waveform at the transmitter
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 
· Frequency separation between 2^M groups of contiguous SCs of M-bit FSK
· Guard-Bands, if any, around LP-WUS

Support: HW, Apple, Samsung, IDC, /// 
Possibility for different architectures than MR is currently -> lower power consumption, better sensitivity than OOK/FSK receivers
Concerns: VIVO, MTK, ZTE 
Large power consumption  

FL3 Low priority Proposal 1-1c: 
    
· Optionally, Study generation and link performance of exiting OFDMA-based signals/channels, consider at least the following:
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error
· Note: OOK /FSK receiver [can/should] be considered for reception, architecture for phase-coherent reception has not been agreed to be studied


FL2 High priority Proposal 1-2:
Study the need for periodic synchronization signal for LP-WUR (LP-SS) to aid synchronization per each agreed LP-WUS receiver architecture. Study
· synchronisation accuracy/precision required to detect LP-WUS
· impact of clock inaccuracy to length LP-WUR ON-duration, if duty cycle operation is enabled/configured for LP-WUR 
· feasibility to perform RRM measurements (e.g., RSRP, RSRQ-like measurements)
· Assumed LR architecture should be clarified
· required periodicity assuming clock drift, oscillator drift
· FFS clock drift and oscillator drift 
· timing relation/offset to LP-WUS 
· benefits/disadvantages compared to using preamble


FL2 High priority Proposal 1-3:
· Study Message part of LP-WUS and its design
· Alt 1: information carried by sequence(s) and/or coded message
· FFS: type/length sequences of modulated OOK/FSK symbols
· FFS: how to signal multiple bits of information
· Alt 2: 
· FFS: mechanism to reduce FAR, e.g. CRC.
· FFS: mechanism to improve performance (in terms of SNR)
· coding schemes, [e.g. block codes, spreading codes/sequences, Manchester code …]
· power boosting
· time/frequency/space domain diversity 
· repetitions
· FFS: fixed rate or variable rate
· FFS: payload size and whether fixed or variable
· Study whether a preamble part preceding the above message part of LP-WUS is needed and how it would be designed
· assume preamble is a sequence present only when message part is transmitted
· FFS: whether and how preamble carries control information, e.g. payload size, coding rate, etc. 
· FFS: whether can be used for synchronization, e.g. instead or in addition to LP-WUS, if any
High priority Proposal 2-2: 
For IDLE/INACTIVE mode,
· Study how to reduce UE power consumption due to existing RRM measurement requirements, 
· study feasibility of RRM measurements (RSRP-like, RSRQ-like), at least for serving/camping cell, based on potential LP synchronisation signal (LP-SS) and/or LP-WUS preamble in LR. 
· study also measurement requirement in terms of periodicity
· study whether RRM measurement requirement performed by MR (in terms of periodicity) can be further relaxed compared to R17

· Study how to support mobility/cell-reselection including neighbour-cell measurements when monitoring LP-WUS and/or LP-SS, particularly 
· whether re-selection is performed based on measurements provided by MR or also by LR, and how.
· whether and how UE can get aligned with network on tracking area/RAN area

FL2 High Priority Proposal 1-4:
· For the purpose of study, at least in IDLE/INACTIVE mode, the following information can be assumed to be present in LP-WUS message part
· information indicating paged UE(s) and/or UE group(s)/sub-groups(s)
· FFS: cell-ID, tracking area/RAN area ID
· FFS: System information modification and ETWS
· FFS: control information, e.g. change of configuration (Xiaomi/Eurocom)
· Other information is not precluded
· Study date rate requirements for LP-WUS message.


FL2 High priority Proposal 1-6: 
For the purpose of study, LP-WUS BW is [1.4 - 5] MHz not greater than [5 or 20] MHz, study further   
· Alt1: whether to support also out-of-band (guard-band, standalone) LP-WUS deployments in addition to in-band LP-WUS deployments.
· Alt2: only in band- deployments are assumed for the study
· whether BW of LP-WUS is scalable/configurable, e.g. per scenario
· this should include guard-band between LP-WUS and other NR signals/channels, if any
· FFS: FR2 

FL2 Low priority Proposal 1-7:
Study how to suppress intra and inter-cell interference to LP-WUS
1. cell muting, fully or partially
1. utilization of orthogonal resources or sequences used for LP-WUS
1. cell specific randomization/scrambling of LP-WUS
1. utilization of multi-bit ADC

FL2 High priority proposal 1-8:
In RRC connected, study the following aspects
· How LP-WUS impacts the RRC connected mode procedures, 
· e.g LP-WUS interacts with PDCCH monitoring and DRX operation
· FFS: How to handle RLM/RLF/Beam management monitoring 
· LP-WUS signal design (waveform and modulation) is reused from IDLE/INACTIVE mode.
· Whether and how the LP-WUS structure is reused from IDLE/INACTIVE mode or design is different
· Note: It is common understanding that procedures will be different from those in IDLE/INACTIVE mode.


FL2 High priority Proposal 2-1: 
At least the following procedures and procedure-related aspects should be studied for LP WUS/WUR:
· Activation/Deactivation of LP-WUS monitoring. Study at least the following means of activation/deactivation
· based on dedicated RRC
· based on common RRC, such as SIB1 or SIBx 
· triggered by UE initiated procedure or not, i.e. whether UE transition into/out of WUS monitoring state in IDLE/INACTIVE mode is aware by gNB
· triggered by some implicit or explicit conditions
· Monitoring procedure of LP-WUS
· whether LP-WUS monitoring should be beam-based
· Alt1: whether monitoring should be contiguous or periodic monitoring occasions are defined/configured
· Alt2: contiguous monitoring is assumed unless configured otherwise
· Procedures for transitioning into and out of WUS monitoring state upon detecting WUS in IDLE/Inactive mode, i.e. how LP WUS is related to paging
· Monitor paging after WUS
· Monitor PEI after WUS
· Receive SIB (if needed) and enter RRC connected mode after WUS, by initiating RACH, 
· Whether starting and stopping WUS monitoring UE transition into/out of WUS monitoring state in IDLE/INACTIVE mode is aware by gNB
· [Interaction of LP-WUS with DRX/eDRX/cDRX in MR, if any]
· [Synchronisation procedures between LR and MR, if any]
· FFS need for standardized solution

FL2 Low priority Proposal 1-5:
· Study how to multiplex LP-WUS with legacy NR signals and channels, study at least the following:
· At least TDM and [FDM] multiplexing with legacy NR signals should be recommended 
· FFS: CDM, [FDM]
· Whether message part can be discontinuous in time and frequency
· How to reuse unused LP-WUS resource for legacy NR signals
· e.g. usage of rate-match patterns.
· In addition, study TDM, FDM and [CDM] multiplexing between LP-WUSs for different UEs


LP WUR signals and procedures
LP WUS signals
First round
Modulation and waveform
All the companies discussed the waveform and modulation of LP-WUS. There seems to be almost consensus (except of [6] ) that LP-WUS should be generated by modulating sub-carriers of CP-OFDMA. 
Further, there has been good support to study single bit/chip modulations as well as modulations with multiple bits/chips per OFDM symbol. 
In addition to OOK and FSK-type of modulation, one company would like to study also OFDMA-based waveforms/signals [17], due to low support, FL marked it as low priority. 
FL1 High Priority Proposal 1-1a:
· Study generation and link performance of multi-carrier (MC)-OOK waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM, consider X=[1,2,4,8] bits/chips transmitted per OFDM symbol. Focus study at least on the following modulations and related aspects: 
· 1bit OOK and multi-bit ASK 
· multi-chip OOK generated in time-domain followed by a transformation (e.g. DFT-S-OFDMA) 
· superposition of multiple OOK symbols
· LP-WUS SCS is the same as NR SS/PBCH of the corresponding carrier, if any
· FFS larger
· Manchester coding in time domain
· Low PAPR sequences mapped to sub-carriers of OFDMA symbol, e.g. ZC

· study link performance considering at least the following aspects
· Filtering of transmitted waveform
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 
· GBs, if any, around LP-WUS
FL1 High priority Proposal 1-1b:
· Study generation and link performance of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM, consider M=[2,4,8]-bit FSK.
· study link performance considering the following aspects
· Filtering of transmitted waveform
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 
· Frequency separation between multiple SC groups of M-bit FSK
· GBs, if any, around LP-WUS
FL1 Low priority Proposal 1-1c:
· [Optionally] Study generation and link performance of OFDM-based waveforms, and signals such as SSS, consider at least the following:
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 
	Company
	Support Y/N
	Comments

	Spreadtrum1
	Partial Y
	For OOK part:
1) For terminology “chip”, it is not existing in NR spec. Maybe we can use “OOK symbol” which is more general. Noticed that “OOK symbol” is also used in the proposal.
2) “superposition of multiple OOK symbols” is not clear
3) Subcarrier spacing of OFDM symbol used by OOK symbol should coexist with that of the active BWP, instead of SSB.
4) In LP-WUR, it may not need to know the SCS of transmitter. Even further, it may not need to know the transformation of transmitter. In general purpose, it may only be able to detect the envelope of signal. But, spec 38.211 should define the specific waveform at transmitter, we are not sure whether the transmission details can be transparent to the LP-WUR.
5) Manchester coding is too early to draw conclusion
6) Sequence based waveform generation seems a counterpart of the transformation (precoding) based waveform generation. It is too early to draw conclusion.

	Futurewei
	Partial Y
	We support the content of the proposals in general, but would suggest not to limit the number of bits/chips per OFDM symbol to just {1,2,4,8}. We also suggest 
1) moving the aspects considered for link performance into a separate proposal as they almost apply to any of the modulation schemes. 
2) for “FL1 High Priority Proposal 1-1a:”, we suggest 
a. changing the main point to “Study generation and link performance of multi-carrier (MC)-OOKASK waveform” given that ASK is more general than OOK and multi-bit ASK is considered in one of the sub-bullets.
b. Clarifying that “Low PAPR sequences mapped to sub-carriers of OFDMA symbol” only applies to 1-bit OOK and multi-bit ASK.
c. Clarifying whether “superposition of multiple OOK symbols” means time-domain masking or frequency multiplexing of OOK symbols.


	
	
	

	EURECOM
	(Y)
	Generally OK with the proposal with the following comments:
· More than 8 bits/chips per OFDM symbol can be considered
· Other coding strategies can be considered (e.g. pulse position modulation). For instance, encoding 3 bits into 8 chips which can be seen as an extension of the case of (rate=1/2) Manchester coding (1 bit  2 chips)
· The study should also include the ON-sequence design, e.g. type of sequence, length, how many sequences (if information is encoded in sequences), etc
· Does “link performance” refer only to BLER or also other KPIs?

	NEC
	Y
	We agree to focus on OOK and FSK based waveforms.

	Huawei, HiSilicon
	N
	First of all, we think different modulation types should be taken with the same priority, since this is the study phase, if some company has interest to study a particular modulation, it is fair to have it studied, for example some sequence based design and ASK.
For FL1 High Priority Proposal 1-1a, 
· In the first bullet
· In the first sub-bullet, ASK is not a kind of OOK in our view, which should be discussed separately.
· The third sub-bullet and the term superposition is unclear. Do you mean the parallel OOK in different frequency resources? Please clarify more.
· The fourth sub-bullet of the first bullet is to use same SCS of SSB, why it is restricted to SSB instead of considering also other SCS like PDSCH? 
· In addition, we don’t think the last two sub-bullets of the first bullets are something in parallel with other sub-bullets. So maybe they can be discussed in other places
· For the second bullet, 
· We’d link to clarify what’s the meaning of “Filtering of transmitted waveform”, is this some processing at the transmitter or at the receiver?
· we think the bandwidth is another important aspect to be considered.
For FL1 High Priority Proposal 1-1b, 
· for the first bullet, we think 1-bit FSK should be also listed to get fair comparison with 1-bit OOK
· for the second bullet, same comments are we have for 1-1a.
For FL1 Low priority Proposal 1-1c:
The priority should be the same as 1-1a and 1-1b, and we suggest to modify the main bullet as follows:
 [Optionally] Study generation and link performance of OFDM-based waveforms, and signals/sequences such as SSS, consider at least the following:

	MTK
	
	FL1 High Priority Proposal 1-1a:
· It is unclear what is multi-bit ASK, which is not MC-OOK
· Definition of a chip is unclear (a new coded bit?)
· Multi-chip OOK can also be generated by masking, i.e., like WIFI WUS
· Superposition of multiple OOK symbols is unclear. 
· LP-WUS SCS is unclear. does it mean RE's SCS used to allocate LP-WUS?
· FFS: larger is unclear. does it mean SCS beyond 240kHz?
FL1 High priority Proposal 1-1b:
· M = [2,4,8]-bit FSK per OFDM symbol?
· Multiple SC groups is unclear. Does it mean single carrier (SC)? A group is for a bit? 
FL1 Low priority Proposal 1-1c
· Okay. But there is no clear receiver architecture for OFDM-based waveforms. It is unclear how to define, e.g., frequency and timing error.

	Nokia/NSB1
	Y(with some modifications/clarifications)
	On proposal 1-1-a; like noted by others, superposition of OOK should be clarified and whether Manchester encoding could be used as an example for time domain superposition (sub-bullet)

Number of ADC bits used at the receiver e.g., in case of OFDM and ZC sequence-based schemes. Furthermore, the sampling rate is same as BW or at the data rate needs to be clarified for all the considered waveforms.


	QC
	
	FL1 High Priority Proposal 1-1a:


We support the proposal in principle. However, some clarification/modification of the proposals are needed:
1. We suggest to move the part “consider X=[1,2,4,8] bits/chips transmitted per OFDM symbol” to a sub-bullet, and combine with the subbullets “one-bit OOK”,  “multi-bit ASK”, and “multi-chip OOK”. Also, we do not think it is necessary to limit the data rate to 1,2,4,8 bits per OFDM symbol this stage. Therefore, suggest to add e.g., X=1,2,4,8, etc bits per OFDM symbol
1. It seems the term “multi-chip” is not well defined, we suggest to use “multi-bit OOK” ..
1. It is unclear to us what “superposition of multiple OOK symbols” in the subbullet mean. Could you clarify? In which domain does the superposition occur? Please put FFS for now.
2. FFS: superposition of multiple OOK symbols
1. On the subbbullet “Low PAPR sequences mapped to sub-carriers of OFDMA symbol, e.g. ZC”, while we understand the intention of the proposal, but we suggest to reformulate as “low PAPR sequence used to generate the waveform” for generality.


FL1 High priority Proposal 1-1b:

We think OOK should be prioritized, but we are open for the study of FSK, if majority of companies are fine with it. 

FL1 Low priority Proposal 1-1c

We are OK

	FL2
	
	
Based on comments received: 

Manchester coding and “time-domain superposition” moved to Proposal 1-3. In this proposal I would like to focus what happens within 1 OFDMA symbol. Therefore, Manchester coding should be considered with other time-domain coding schemes.

In offline session lets discuss what is upper bound on number of bits per 1 OFDMA symbol.


Regarding SCS, maybe better to define based on SCS of initial DL BWP    

FL2 High Priority Proposal 1-1a:
· Study generation and link performance (BLER) of multi-carrier (MC)-OOKASK waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider X=[1,2,4,8,..] bits/chips transmitted per OFDM symbol. Focus study at least on the following modulations and related aspects: 
· 1bit OOK and multi-bit ASK
· Low PAPR sequences mapped to sub-carriers of OFDMA symbol, e.g. ZC
· multi-chip OOK multiple OOK symbols per OFDMA symbol, generated in time-domain followed by a transformation (e.g. DFT-S-OFDMA, masking) 
· superposition of multiple OOK symbols  
· At least for IDLE/INACTIVE mode, LP-WUS SCS is the same as SCS of NR SS/PBCH initial DL BWP of the corresponding carrier, if any
· FFS larger SCS that is already defined in New Radio 
· Manchester coding in time domain

· study link performance considering at least the following aspects
· Filtering of transmitted waveform at the transmitter
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 
· GBs, if any, around LP-WUS
FL1 High priority Proposal 1-1b:
· Study generation and link performance of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider M=[1, 2,4,8…]-bit FSK.
· study link performance considering the following aspects
· Filtering of transmitted waveform at the transmitter
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 
· Frequency separation between 2^M multiple groups of contiguous SCs groups of M-bit FSK
· GBs, if any, around LP-WUS
FL1 Low priority Proposal 1-1c:
· [Optionally] Study generation and link performance of OFDM-based waveforms, and signals/sequences such as SSS, consider at least the following:
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 




	Intel 
	Y with modification
	It seems the proposal 1-1a/b/c is to insert OOK/FSK symbols in the effective OFDM symbol of MR, which means CP of MR is not used for LP-WUS transmission. Alternatively, we may consider using high SCS. For example, instead of using 8-bit/chip in an OFDM symbol of 15kHz (excluding CP), an alternative way is to use 8 OFDM symbols with SCS 120kHz (with CP). Since it is expected there are guard PRBs between LP-WUS and other NR channel/signal, the different SCS from MR may not be a problem. Therefore, we prefer to study higher SCS for LP-WUS than MR.  
For proposal 1-1a, if ‘1bit OOK and multi-bit ASK’ is for one OOK or one ASK symbol per OFDMA symbol, it is better to clearly spell out. Besides, it seems except for this proposal, we only have OOK and FSK, no ASK. It is better to align. 
For the sub-bullet, ‘Low PAPR sequences mapped to sub-carriers of OFDMA symbol, e.g., ZC’, we prefer to delete example for now. 

For Proposal 1-1b, we think Filtering of each of 2^M multiple groups of contiguous SCs groups should be considered for link performance. If we assume same Q for the filter as OOK, there will be larger interference between M states of FSK. 

	FL3
	
	Based on offline discussion the proposals were updated as the follows

FL3 High Priority Proposal 1-1a:
· Study generation and link performance (BLER) of multi-carrier (MC)-ASK/[OOK] waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM [FFS : drop CP at transmitter)] symbol, consider X=[1-M] bits transmitted per OFDM symbol, where M is FFS. 
· study link performance considering at least the following aspects
· Filtering of transmitted waveform at the transmitter
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· GBs, if any, around LP-WUS

FL3 High priority Proposal 1-1b:
· Study generation and link performance (BLER) of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol [FFS : drop CP at transmitter)] symbol, consider X=[1-M] bits transmitted per OFDM symbol, where M is FFS.
· study link performance considering the following aspects
· Filtering of transmitted waveform at the transmitter
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error 
· Frequency separation between 2^M groups of contiguous SCs of M-bit FSK
· GBs, if any, around LP-WUS

FL3 Low priority Proposal 1-1c: 

Promote to higher priority: HW, Apple, Samsung, IDC, /// 
Possibility for different architectures than MR, better sensitivity
  (Concerns: VIVO, MTK, ZTE) 
Large power consumption  
     
· Optionally, Study generation and link performance of exiting OFDMA-based signal, and signals/sequences, consider at least the following:
· Filtering of co-channel/adjacent-channel interference at the receiver
· Location within carrier
· Frequency and timing error
· Note: OOK /FSK receiver can be considered for reception, architecture for phase-coherent reception has not been agreed to be studied


	Xiaomi
	Y 
	OK with the proposal.

	ZTE, Sanechips
	
	Regarding Proposal 1-1a, both CP-OFDM and DFT-S-OFDM should be considered. Therefore, no need to only mention CP-OFDM.

· study techniques to generate waveform by modulating sub-carriers of CP-OFDM [FFS : drop CP at transmitter)] symbol, consider X=[1-M] bits transmitted per OFDM symbol, where M is FFS. 

Regarding Proposal 1-1c
No preference on this kind of waveform due to the large power consumption.


	Panasonic
	
	On 1-1a/1b, We are okay. 
On 1-1c, it is suggested to keep the comparison with 1a/1b in a reasonable assumption that LP-WUR should be used for reception. Thus, we may be okay to live with this in the condition that the note in the last bullet clearly state the receiver in 9.13.2 should be assumed to support this option 1-1c:
· Note: OOK /FSK receiver can be considered should be assumed for reception, architecture for phase-coherent reception has not been agreed to be studied
Otherwise, it should not be supported.



Periodic Low power synchronisation signal (LP-SS)
At least 10 companies stressed a need to study frequency and time synchronisation of LP-WUS, which may require transmission of known periodic signal that could be used to maintain clock or oscillator in sync. Same companies want to study whether the same synchronisation signal could be used to perform RRM measurements. Note that RRM aspect is captured by a proposal also in section 3.2.1.
FL1 High priority Proposal 1-2:
Study the need for periodic synchronization signal for LP-WUR (SS-LP) to aid synchronization per each agreed LP-WUS receiver architecture. Study
· Sequence and/or payload used for LP-SS
· Synchronisation accuracy/precision required to detect LP-WUS
· Impact of clock inaccuracy to LP-WUR ON-duration 
· Feasibility to perform RRM measurements (e.g., RSRP, RSRQ-like measurement)
· Required periodicity assuming clock drift, oscillator drift
· FFS clock drift and oscillator drift 
· Timing relation to LP-WUS
	Company
	Support Y/N
	Comments

	Spreadtrum1
	Partial Y
	LP-SS may not carry “payload”. Compared to SSB, for measurement purpose, UE only need to process PSS/SSS and detect SSB index. If the “payload” means the beam index, maybe it is feasible. Maybe we can study the requirement in SI, the detail design (e.g. sequence) can be studied/specified in WI, so we can remove “Sequence and/or payload used for LP-SS”

	Futurewei
	Y
	We are OK with the proposal.

	EURECOM
	Y
	OK. We suggest to add the potential impact/benefit of a preamble on the synchronization precision/accuracy.

	NEC
	Y
	We agree LP-SS study should have high priority. 

	Huawei, HiSilicon
	Y with modification
	We are fine for the main bullet to further study SS-LP. But we have some comments on the sub-bullet
· For the 3rd bullet, it says ‘LP-WUR ON-duration’, however, we haven’t agree on any assumption how to get duty cycle design yet, so it is better to say “Impact of clock inaccuracy to LP-WUR ON-duration, if duty cycle operation is enabled/configured for LP-WUR”
For the last bullet, we’d like to clarify how to understand ‘Timing relation to LP-WUS’

	MTK
	Y
	LP-SS has no definition. We suppose it is low power synchronization signal. 
· Sequence and/or payload used for LP-SS LP-WUR synchronization
Impact of clock inaccuracy to LP-WUR ON-duration and the required periodicity are relevant. Before duty-cycle is agreed, we can remove this bullet for now.
· Impact of clock inaccuracy to LP-WUR ON-duration

	Nokia/NSB1
	Y (some modifications)
	It would be good to clarify or evaluate whether the periodic synchronization and LP-WUS could be sharing some parts. E.g., the preamble and synchronization signal could also be the part of LP-WUS. This would allow the possibility to lower resource utilization (depending on the assumed periodicity for SS-LP). 
Also, for RRM evaluation, it would be good to clarify the related LR architecture assumption. So, following updates could be considered:
· Feasibility to perform RRM measurements (e.g., RSRP, RSRQ-like measurement)
· Assumed LR architecture should be clarified
· Required periodicity assuming clock drift, oscillator drift
· FFS clock drift and oscillator drift 

· Timing rRelation to LP-WUS
· FFS: Possible resource signal and sharing for SS-LP and LP-WUS



	QC
	Y
	We support studying LP-SS based synchronization. 


	FL2, FL3
	
	@SPRD : Payload could be cell ID, or beam index.

Otherwise, I incorporated comments into proposal

FL2 High priority Proposal 1-2:
Study the need for periodic synchronization signal for LP-WUR (SS-LP) to aid synchronization per each agreed LP-WUS receiver architecture. Study
· [sequence-type/length to be used for LP-SS, and payload (e.g. cell ID,beam index), if any] 
· synchronisation accuracy/precision required to detect LP-WUS
· [impact of clock inaccuracy to LP-WUR ON-duration, if duty cycle operation is enabled/configured for LP-WUR] 
· feasibility to perform RRM measurements (e.g., RSRP, RSRQ-like measurement)
· Assumed LR architecture should be clarified
· required periodicity assuming clock drift, oscillator drift
· FFS clock drift and oscillator drift 
· timing relation/offset to LP-WUS
· benefits/disadvantages compared to using preamble




	Intel 
	Y
	Terminology should be aligned, SS-LP is used in main bullet while LP-SS is used in 1st sub-bullet. 
 
One general question: does it imply that a UE has to detect SS-LP first and then the UE can detect a LP-WUS, if SS-LP is supported? We think it is possible that UE can directly detect LP-WUS at one duty cycle if agreed. This aspect should be clarified. 

	Xiaomi
	Y
	Support to study LP-SS based synchronization and mobility.

	ZTE,Sanechips
	
	For the 1st bullet, we suggest that sequence based SS-LP with high priority. Without sequence based SS-LP, the payload part is hard to be decoded. The carried information in payload is another issue instead of sync.

For the 3rd bullet, we want to clarify that whether the clock inaccuracy is caused by the residual synchronization error after timing synchronization?

For the 4th bullet, RRM measurement of serving cell is prioritized.


	Panasonic
	Y
	




Structure of LP-WUS
For LP-WUS signal structure and design, views are very diverse. The options proposed can be summarized with the following proposal. 
It is rather clear that a message part of LP-WUS carrying information is needed, some companies would like to transmit information using sequence(s), other companies consider a code block(S). Whether to use one or the other may depend on the payload size. For now two alternatives are captured. 
Whether preamble is needed and could it be used for synchronisation is open. Here to distinguish from LP-SS, LP-WUS preamble is not assumed to be a periodic signal, but is always preceding the message.

FL1 High priority Proposal 1-3:
· Study Message part of LP-WUS and its design
· Alt 1: information carried by sequence(s)  
· FFS: type of sequence
· FFS: how to signal multiple bits of information
· Alt 2: information in payload
· FFS: mechanism to reduce FAR, e.g. CRC.
· FFS: mechanism to improve performance (in terms of SNR)
· coding schemes, e.g. block codes, spreading codes, … 
· repetitions
· FFS: fixed rate or variable rate
· Study whether a preamble part preceding the above message part of LP-WUS is needed and how it would be designed
· assume preamble is a sequence present only when message part is transmitted
· FFS: whether and preamble carries control information 
· FFS: whether can be used for synchronization, e.g. instead or in addition to LP-WUS, if any

	Company
	Support Y/N
	Comments

	Spreadtrum1
	Partial Y
	The wording “information” is too broad. The cell ID in PSS/SSS can be regarded as information? It could be “information on UE/group/subgroup ID”.

	Futurewei
	Y
	Thank you for the proposal. We further suggest the following:
1) For Alt 1: “FFS: type/length of sequence”
For Alt 2: add “FFS: payload size and whether fixed or variable”

	EURECOM
	Y
	We are supportive with the following comments:
· This proposal is somehow related to 1-1
· Alt 1 is unclear to us, what sequence is referred to? The ON-sequence in OOK modulation? 
· In general, the message information bits can be encoded via MC-OOK modulation AND different sequences, hence a combination of Alt1 and Alt2 is also possible.

	NEC
	Y
	We agree with the proposal 1-3.

	Huawei, HiSilicon
	Y with modification
	For the Alt2 of first bullet, there can also be some other ways to improve the performance, such as power boosting, time/frequency/space domain diversity, beside coding scheme. Also the list of the coding schemes is also incomplete, e.g. some other coding schemes other than block codes and spreading codes can also be considered. So we suggest to remove the sub-bullets to keep it general.
· FFS: mechanism to improve performance (in terms of SNR)
· coding schemes, e.g. block codes, spreading codes, … 
· repetitions
Besides, similar in Alt2, in Alt1 it should also be studied whether sequence based design can support fixed rate or variable rate.


	MTK
	
	This sentence is unclear “FFS: whether and preamble carries control information”. What is the control information? 

	Nokia/NSB1
	Y(with modifications)
	For the first part it seems more to be related to evaluate the different methods to carry the information i.e. based on sequence or payload. As such we have not yet agreed the L-WUS structure and possible different parts (while message could be there at least part of time):

· Study methods to deliver message with LP-WUSMessage part of LP-WUS and its design


On the preamble, it should be also clarified what is the intended content of the preamble part i.e. if it is just a preamble (e.g. for threshold setting) or whether synchronization part is also included. Like noted earlier we are not sure that the synchronization (beacon) needs to be always separate of the LP-WUS, thus would propose following part to be removed:
· assume preamble is a sequence present only when message part is transmitted
Also like commented above, maybe the first bullet for the preamble could be:
· Study the need and content ofwhether a preamble part preceding the above message part of LP-WUS is needed and how it would be designed



	QC
	Y
	Support to study WUS message and preamble. The preamble part for sync is better to be studied and discussed with LP-SS discussion above

	FL2,FL3
	
	@MTK: preamble can carry e.g. payload size, or coding rate. In WIFI, it determines the High or Low definition rate.  

Based on comments, I removed alternatives, because final design can be a combination of both


FL2 High priority Proposal 1-3:
· Study Message part of LP-WUS and its design
· Alt 1: information carried by sequence(s) and/or coded message
· FFS: type/length sequences of modulated OOK/FSK symbols
· FFS: how to signal multiple bits of information
· Alt 2: 
· FFS: mechanism to reduce FAR, e.g. CRC.
· FFS: mechanism to improve performance (in terms of SNR)
· coding schemes, [e.g. block codes, spreading codes/sequences, Manchester code …]
· power boosting
· time/frequency/space domain diversity 
· repetitions
· FFS: fixed rate or variable rate
· FFS: payload size and whether fixed or variable
· Study whether a preamble part preceding the above message part of LP-WUS is needed and how it would be designed
· assume preamble is a sequence present only when message part is transmitted
· FFS: whether and preamble carries control information, e.g. payload size, coding rate, etc. 
· FFS: whether can be used for synchronization, e.g. instead or in addition to LP-WUS, if any


	Intel 
	
	For preamble part, 1st FFS, it is better to say the payload size and coding rate is for message part. And for 1st FFS, whether any other information can be carried by preamble, e.g., cell ID ?
2nd FFS, it should be instead or in addition to LP-SS (not LP-WUS).


	Xiaomi
	Y
	OK with the proposal

	ZTE,Sanechips
	Y
	We agree with this proposal

	Panasonic
	Y
	




LP-WUS information payload
Based on contributions, FL has collected proposed information content in the proposal below. At this point, it seems only information about paged UE(s) and/or UE group(s) [has] consensus to be included. Everything else is FFS. Also it would very useful to establish some rate LP-WUS should targer.

FL1 High Priority Proposal 1-4:
· For the purpose of study, the following information can be assumed to be present in LP-WUS message
· [bookmark: _Hlk119247106]information indicating paged UE(s) and/or UE group(s), e.g.
· Target/WUS ID(s)
· UE ID(s)
· Bitmap of UE-group(s)
· FFS: cell-ID
· FFS: System information modification and ETWS
· FFS: application payload, i.e. not related to modem functionality
· Study date rate requirements for LP-WUS message.
· e.g. 1kBits, 10kBits, 100kBits

	Company
	Support Y/N
	Comments

	Spreadtrum1
	
	Suggest merging it to Proposal 1-3.
For data rate, it is much smaller than paging. The LP-WUR is much more power efficient than paging receiver, it should be much slower than paging receiver in principle.

	Futurewei
	
	Thank you for the proposal. We would just like to clarify if “Target/WUS ID(s)” refers to UE-group(s) IDs.

	EURECOM
	Y
	Agree with following comments:
· the message part could also contain WUS related control signalling, e.g. change of configuration
· concerning data rate requirements, we think it is helpful to consider the payload capacity of a single WUS transmission.


	NEC
	Y
	We agree with the proposal 1-4.

	Huawei, HiSilicon
	Y with modification
	For the first bullet, we think there can be also other information to be indicated by LP-WUS. For example, when LP-WUS is used for IDLE/INACTIVE mode, functionality of paging is supported by LP-WUS. Note that the paging is transmitted within a tracking area or a RAN area, LP-WUR may need to know the current area. So beside cell-ID, some other area ID may also be needed to support mobility. So we have the following suggestion:
· FFS: cell-ID, tracking area/RAN area ID

For the second bullet, we think the data rate requirement is significantly important for LP-WUS design. So instead of just studying it, we’d like to make one step more to give some values as the starting point of design. So we suggest the following:
· Study date rate requirements for LP-WUS message.
· e.g. 1kBits, 10kBits, and 100kBits can be taken as the starting point



	MTK
	
	We don’t understand these examples. What is the difference between Target/WUS ID(s) and UE ID(s)?

	Nokia/NSB1
	Y
	It should be clarified whether the last bullet is kbit per second i.e. kbps or something else? Or are we for example looking amount of information in certain time?

	QC
	
	We are fine with the proposal in principle. Some suggestion: on the first bullet, can we add UE group ID(s)? What is Target/WUS ID. It is not clear what it means given that we have UE UE and UE group ID.

· For the purpose of study, the following information can be assumed to be present in LP-WUS message
· information indicating paged UE(s) and/or UE group(s), e.g.
· Target/WUS ID(s)
· UE ID(s)
· Bitmap of UE-group ID(s)
· FFS: cell-ID
· FFS: System information modification and ETWS
· FFS: application payload, i.e. not related to modem functionality
· Study date rate requirements for LP-WUS message.
e.g. 1kBits, 10kBits, 100kBits



	FL2,FL3
	
	I have removed examples of paging information details, this can be discussed later.

FL2 High Priority Proposal 1-4:
· For the purpose of study, the following information can be assumed to be present in LP-WUS message
· information indicating paged UE(s) and/or UE group(s), e.g.
· Target/WUS ID(s)
· UE ID(s)
· Bitmap of UE-group(s)
· FFS: cell-ID, tracking area/RAN area ID
· FFS: System information modification and ETWS
· FFS: application payload, i.e. not related to modem functionality
· Study date rate requirements for LP-WUS message.
· e.g. 1kBits, 10kBits, 100kBits can be takes as the staring point


	Intel 
	Y with modification
	For 1st bullet, ‘information indicating paged UE(s) and/or UE group(s)’, does it also include the case of UE sub-group like what defined for PEI? We think this case should be considered. 
Since LP-WUS has similar function as PEI PDCCH, we prefer to add another FFS under the first bullet
· FFS: TRS availability indication
· 
For 2nd bullet, is the value of data rate per second or per LP-WUS message? It should be clearly captured. 

	Xiaomi
	Y
	We would also like to echo Eurecom that message part could also contain WUS related control signalling, e.g. change of configuration

	ZTE,Sanechips
	Y
	We agree with this proposal

	Panasonic
	Y
	



Multiplexing with legacy NR signals

Based on reviewed contributions, no company has opposed TDM multiplexing between LP-WUS and NR legacy signals within a NR carrier. Therefore, TDM multiplexing is recommended. One company is not fully sure FDM is to be supported [19]. And CDM multiplexing has been proposed by a single company [3]. Therefore, FDM and CDM are FFS. When it comes to TDM multiplexing, it is to be further studied whether LP-WUS must be contiguous or not. Finally, how to reuse resources of LP-WUS, when not transmitted by gNB, is to be studied. Above proposals are 2-3 company proposals, and thus can be treated with lower priority. 

FL1 Low priority Proposal 1-5:
Study how to multiplex LP-WUS with legacy NR signals, study at least the following:
· At least TDM and [FDM] multiplexing with legacy NR signals should be recommended 
· FFS: CDM, [FDM]
· Whether message can be discontinuous in time and frequency
· How to reuse unused LP-WUS resource for legacy NR signals
· e.g. usage of rate-match patterns.


	Company
	Support Y/N
	Comments

	Spreadtrum1
	Partial Y
	“signals” should be “signals/channels”
In [3], CDM may mean the multiple LP-WUS sequences CDM, and does not mean CDM with legacy NR signals/channels.

	Futurewei
	Y
	We are OK with the proposal, but would like to extend it to multiplexing with NR signals or other LP-WUSs, especially if CDM is considered.

	EURECOM
	Y
	We agree that WUS resource multiplexing should be further studied.

	NEC
	[Y]
	We are OK with the proposal, however we think at least the multiplexing with legacy NR signals should be a high priority issue. We may merge this issue to the proposal 1-1a and 1-1b since the multiplexing method may be related with the waveform design.

	Huawei, HiSilicon
	N
	It is a little bit strange for us why TDM is recommended while FDM is with square bracket. In our view, most companies have the understanding that the bandwidth of LP-WUS will not be too large, so it is natural that LP-WUS is FDMed with legacy NR signals. Moreover, unless the LP-WUSs will be transmitted continuously, or over the whole carrier bandwidth, multiplexing would have to be performed jointly by TDM+FDM.

Also note that in our contribution, we suggest to study the multiplexing between LP-WUSs by TDM, FDM and CDM, i.e., how LP-WUSs for different UEs (or group of UEs) should be multiplexed. This is a separate issue from multiplexing LP-WUS with legacy signals. 

Furthermore, we think it is too early to “recommend” something in the first meeting of signal design. 

For the last bullet, it is not so clear to us why rate-matching is emphasized here. We think the simplest way to reuse the LP-WUS resources by gNB implementation. So we suggest to remove the sub-bullet.

Study how to  the multiplexing of LP-WUS with legacy NR signals, study at least the following:
· Further study At least TDM and [FDM], multiplexing between LP-WUS and with legacy NR signals should be recommended 
· FFS: CDM, [FDM]
· Further study TDM, FDM and CDM between LP-WUSs for different UEs
· Whether message can be discontinuous in time and frequency
· How to reuse unused LP-WUS resource for legacy NR signals
· e.g. usage of rate-match patterns.




	Nokia/NSB1
	Maybe
	FDM with NR signals and channels (channels should be accounted) be considered to keep the spectrum efficiency reasonable and limit the resource use.
· At least TDM and [FDM] multiplexing with legacy NR signals should be recommended 
· FFS: CDM, [FDM]


	QC
	
	For the subbullet “Whether message can be discontinuous in time and frequency”, the formulation is not clear. If we understood correctly, the intention is to discuss “whether the LP-WUS can be mapped to a set of resources that is non-consecutive in frequency and time”? We suggest to reformulate this question. 


	FL2, FL3
	
	SPRD/HW: thanks for clarification. It has been misunderstanding on my side

Regarding FDM, some companies consider an option that SC around LP-WUS are left empty. TDM multiplexing seems to be feasible.

FL2 Low priority Proposal 1-5:
· Study how to multiplex LP-WUS with legacy NR signals and channels, study at least the following:
· At least TDM and [FDM] multiplexing with legacy NR signals should be recommended 
· FFS: CDM, [FDM]
· Whether message  can be discontinuous in time and frequency
· How to reuse unused LP-WUS resource for legacy NR signals
· e.g. usage of rate-match patterns.
· In addition, study TDM, FDM and CDM multiplexing between LP-WUSs for different UEs




	Intel 
	Partially Y
	For multiplexing between LP-WUS and NR signal, we are fine with main bullet, but 2nd sub-bullet is unclear. Does it mean symbols/PRBs of one message is discontinuous in time and frequency, or different messages? Or NR signal and LP-WUS can be discontinuous in time and frequency?
For multiplexing between LP-WUSs for different UEs, we think CDM should have lower priority, which depends on whether OFDM-based receiver/sequence is supported. 

	Xiaomi
	Y
	Yes, we support to study the coexistence of LP WUS and NR signal. And we also think the multiplexing of LP WUSs corresponding to different UEs or UE groups can also be studied.

	Panasonic
	
	For our clarification, what is the meaning of the second bullet? Is it about the resource mapping of LP-WUS itself but not related to coexistence with legacy NR signals/channels? As an intuitive understanding, the OOK is anyway discontinuous in time domain. Also there is proposal on preamble and message part. Is it also related?



BW of LP-WUS
Views regarding BW of LP-WUS are diverse. Here FL tried to cover majority of proposals, with exception of [9], which proposed 1PRB within 15kHz SCS. 1PRB would result in very long LP-WUS which may not be beneficial for power saving. It seems to be understood that the BW will impact detection performance of LP-WUS, and obviously also increase overhead. Proposal is essential for narrowing down the simulation scope. 

A pair of contributions suggested that BW does not need to be fixed, but could be configurable instead. This to address various scenarios, in terms of carrier BW, frequency range, small/macro cell, etc.  

FL1 High priority Proposal 1-6:
For the purpose of study, LP-WUS BW is [1.4 - 5] MHz, study further   
· whether to support also out-of-band (guard-band, standalone) LP-WUS deployments in addition to in-band LP-WUS deployments .
· whether BW of LP-WUS is flexible or fixed

	Company
	Support Y/N
	Comments

	Spreadtrum1
	No
	We almost had consensus on “not greater than 20MHz” in the last meeting. We can keep this for now.

	EURECOM
	(Y)
	The focus should be in-band deployments. We agree that the WUS BW is configurable to cater to various deployments scenarios.

	NEC
	Y
	We agree with the proposal 1-6.

	Huawei, HiSilicon
	N
	 We are fine with the main bullet, but it seems to be more proper to agree it in AI 9.13.1.
For the sub-bullets, it is not clear what’s the benefit of out-of-band deployment and fixed BW.So the discussion on the sub-bullet can be deprioritized.

	Nokia/NSB1
	Y(modifications)
	We agree that in band operation should be prioritized and out-of-band could be down-prioritized. Out-of-band operation could be discussed once we have concluded the LP-WUS bandwidth (accounting the needed guardband).  
· prioritize whether to support also out-of-band (guard-band, standalone) LP-WUS deployments in addition to in-band LP-WUS deployments .
 


	QC
	
	We are in principle OK with this proposal. We recommend following modification.

For the purpose of study, LP-WUS BW is [1.4 - 5] MHz, study
· in-band LP-WUS deployments 
· FFS: whether to support also out-of-band (guard-band, standalone) LP-WUS deployments in addition to.
· whether BW/location of LP-WUS is flexible or fixed


	FL2, FL3
	
	FL2 High priority Proposal 1-6: 
For the purpose of study, LP-WUS BW is [1.4 - 5] MHz not greater than 20MHz, study further   
· Alt1: whether to support also out-of-band (guard-band, standalone) LP-WUS deployments in addition to in-band LP-WUS deployments.
· Alt2: only in band- deployments are assumed for the study
· whether BW of LP-WUS is flexible or fixed


	Intel 
	
	We think we should prioritize study for in-band case, and further study out-of-band case with low priority. 

	ZTE,Sanechips
	
	We want to clarify whether the restriction of LP-WUS BW in the Proposal is for FR1 or FR2 or Both?

	Panasonic
	
	As we can check more based on the LLS evaluation results, no need to conclude this now.




Interference handling
Three companies suggest studying how to deal with intra and inter cell interference, proposals are summarized in below proposal. 
FL1 Low priority Proposal 1-7:
Study how to suppress intra and inter-cell interference, at least the following techniques can be studied   
· cell muting, fully or partially
· utilization of orthogonal resources or sequences used for LP-WUS
· cell specific randomization/scrambling of LP-WUS
· utilization of multi-bit ADC

	Company
	Support Y/N
	Comments

	Spreadtrum1
	Partial Y
	The technique list should be an example only.

	Futurewei
	Y
	We are OK with proposal.

	EURECOM
	Y
	We support this proposal.

	NEC
	Y 
	We are open to study the inter/intra cell interference issue.

	Huawei, HiSilicon
	Y
	OK for us, and would be good to clarify that this is to LP-WUS, e.g. “Study how to suppress intra and inter-cell interference to LP-WUS…”

	Nokia/NSB1
	Y(modifications)
	It would be good to generalize a bit, e.g:
Study the need and how to suppress intra and inter-cell interference, for example based onat least the following techniques can be studied:   
· cell muting, fully or partially
· utilization of orthogonal resources or sequences used for LP-WUS
· cell specific randomization/scrambling of LP-WUS
· utilization of multi-bit ADC
· Other techniques are not precluded


	QC
	
	At this point, it should be good enough to capture only “study how to suppress intra and inter-cell interference.” Detailed schemes could be further studied by companies. At least for now, it is not necessary to capture the list of schemes.

	FL2, FL3
	
	FL2 Low priority Proposal 1-7:
Study how to suppress intra and inter-cell interference to LP-WUS, at least for example the following techniques can be studied   
· cell muting, fully or partially
· utilization of orthogonal resources or sequences used for LP-WUS
· cell specific randomization/scrambling of LP-WUS 
· utilization of multi-bit ADC
· Other techniques are not precluded


	Intel 
	
	We share similar view with QC that ‘Study how to suppress intra and inter-cell interference to LP-WUS’ without examples would be sufficient for now. 

The examples are not clear, e.g., does 2nd sub-bullet ‘utilization of orthogonal resources’ mean orthogonal time and frequency resource? If yes, it seems overlap with cell-muting in 1st sub-bullet. 

	Xiaomi
	Y
	OK with the proposal

	Panasonic
	Y
	




RRC connected mode aspects
Only ~6 companies provided proposals for RRC connected mode.  Contributions agree that LP-WUS should impact PDCCH monitoring behaviour and DRX, but how it is impacted is to be studied. It is to be studied whether MR is ON when LP-WUS is monitored.
Another issue at hand is RLM/RLF/Beam management monitoring/procedures, how those are impacted when PDCCH is not monitored. 
Finally, rhere seems to be diverse views on whether LP-WUS as designed for IDLE mode, is/can be reused for RRC connected mode.
FL1 High priority proposal 1-8:
In RRC connected, study the following aspects
· how LP-WUS toggles PDCCH monitoring/DRX timers
· Alt1: ON/OFF  
· Alt2: SS groups switching
· Whether MR is ON when UE is monitoring LP-WUS and how to handle RLM/RLF/Beam management monitoring 
· Whether the LP-WUS signal design/structure is reused from IDLE mode or design is different.
· Note: It is common understanding that procedures will be different from those in IDLE mode.

	Company
	Support Y/N
	Comments

	EURECOM
	(Y)
	We agree with the proposal but think that the study of RRC_IDLE has priority over RRC_CONNECTED.

	Huawei, HiSilicon
	N
	For the first bullet, we think it is still under discussion whether LP=WUS can be sued for the triggering of PDCCH monitoring. So we suggest to the following change:
· Whetherhow LP-WUS toggles PDCCH monitoring/DRX timers
· Alt1: ON/OFF  
· Alt2: SS groups switching


For the third bullet, we recommend to have the same modulation/wavefrom for both CONNECTED and IDLE/INACTIVE mode. So we suggest to remove the third bullet until enough justification is provided.

	Nokia/NSB1
	(modifications)
	We think that it might be premature to limit the cases that we study in CONNECTED mode, while LP-WUS triggered PDCCH monitoring activation adaptation can have evident benefits for power saving. Thus we would think the we could simplify:
· how LP-WUS can adapt PDCCH monitoringtoggles PDCCH monitoring/DRX timers
· Alt1: ON/OFF  
· Alt2: SS groups switching

For CONNECTED mode we think that we should not risk the connection failure thus would prefer to keep the MR on to carry out CSI measurements. 

	QC
	
	In RRC connected, study the following aspects
· how LP-WUS interact with PDCCH monitoring and DRX operation
· FFS: Whether MR is ON when UE is monitoring LP-WUS 
· FFS: how to handle RLM/RLF/Beam management monitoring 
· Whether the LP-WUS signal design/structure is reused from IDLE mode or design is different.
· Note: It is common understanding that procedures will be different from those in IDLE mode.


	FL2, FL3
	
	FL2 High priority proposal 1-8:
In RRC connected, study the following aspects
· Whetherhow LP-WUS toggles PDCCH monitoring/DRX timers
· Alt1: ON/OFF  
· Alt2: SS groups switching
· Whether MR is ON when UE is monitoring LP-WUS and how to handle RLM/RLF/Beam management monitoring 
· [Whether the LP-WUS signal design/structure is reused from IDLE mode or design is different.]
· Note: It is common understanding that procedures will be different from those in IDLE mode.


	Intel 
	
	We don’t support 2nd bullet. In our understanding, MR should be on, which can be deep/light/micro sleep. If MR is off, the latency would be too large to turn on MR, and we don’t think we can still say it is in RRC connected mode. 
Furthermore, PDCCH monitoring is triggered by LP-WUS, while measurement is not, e.g., RLM/RLF/Beam management is still performed which does not depend on LP-WUS. UE monitors RS and derive the BLER for PDCCH, which does not rely on whether UE actually monitors PDCCH now. 

For 3rd bullet, we think same modulation and wavefrom for both RRC idle and connected mode, but the LP-WUS structure, e.g., whether only one of or both message and preamble parts is needed for connected mode can be discussed. 


	Xiaomi
	Y
	Generally OK with the proposal. And also echo Nokia to change “toggles” to ”adapts”, since there maybe more than two choices of information carried in LP WUS for RRC connected UE.

	ZTE,Sanechips
	Y
	We agree with the proposal but think that the study of RRC_IDLE has priority over RRC_CONNECTED.



LP WUS Procedures
First round
Procedures for LP-WUS
Proposal below provides a summary of proposals. Please point out if something is missing. 
FL1 High priority Proposal 2-1: 
At least the following procedures and procedure-related aspects should be studied for LP WUS/WUR:
· Activation/Deactivation of LP-WUS monitoring. Study at least the following means of activation/deactivation
· based on dedicated RRC
· based on common RRC, such as SIB1 or SIBx 
· triggered by UE initiated procedure
· Monitoring procedure of LP-WUS
· whether monitoring should be contiguous or periodic monitoring occasions are defined/configured
· Procedures for transitioning into and out of WUS monitoring state in IDLE/Inactive mode, i.e. how LP WUS is related to paging
· Monitor paging after WUS
· Monitor PEI after WUS
· Directly to RRC after WUS, i.e. PRACH
· Whether UE transition into/out of WUS monitoring state in IDLE/INACTIVE mode is aware by gNB
· Interaction of LP-WUS with DRX/eDRX/cDRX in MR, if any
· Synchronisation procedures between LR and MR, if any
· FFS need for standardized solution

	Company
	Support Y/N
	Comments

	Spreadtrum1
	Partial Y
	Beam sweeping aspect should be included. Whether LP-WUS is transmitted in beam sweeping manner like paging should be studied.

	Futurewei
	Y
	We are OK with proposal.

	EURECOM
	Y
	We agree, however we comment that certain WUS control related procedures may be signaled via the LP-WUS itself to avoid turning on the MR.

	NEC
	Y
	We agree with proposal 2-1.

	Huawei, HiSilicon
	Y with modification
	For the first bullet, we’d like to clarify the meaning of ‘triggered by UE initiated procedure’
For the second bullet, in our view, the contiguous monitoring should be the reference scheme, and periodic monitoring can be further enabled/disabled just like the CDRX. So we suggest the changing:
· Monitoring procedure of LP-WUS
· whether monitoring should be contiguous monitoring is the reference method, and or periodic monitoring occasions can be further are defined/configured
for the third bullet, we think the ‘WUR monitoring state’ is something that has not been agreed yet, so we’d like to make it more general, like:
· Procedures for transitioning into and out of WUS monitoring state for starting and stopping WUS monitoring in IDLE/Inactive mode, i.e. how LP WUS is related to paging
· Monitor paging after WUS
· Monitor PEI after WUS
· Directly to RRC after WUS, i.e. PRACH
· Whether UE transition into/out of into and out of WUS monitoring state for starting and stopping WUS monitoring in IDLE/INACTIVE mode is aware by gNB


we are fine with other bullets.


	Nokia/NSB1
	(modifications)
	Firstly evaluation the methods to configure LP-WUS monitoring for IDLE/Inactive mode or CONNECTED mode at this stage seems bit premature and would seem more appropriate task to RAN2 (once we have some understanding of the configuration need).
Evaluation both options, continuous and discontinuous monitoring could be considered, and could be different for IDLE and CONNECTED in principle (while in practice monitoring is discontinuous from system perspective).


Also looking different alternatives for LP-WUS could be considered while bullet should be clarified, i.e. what is meant ‘directly to RRC’ is it directly to connection establishment or what :
· Directly to RRC after WUS, i.e. PRACH
 
Following bullets intent should be clarified:
· Interaction of LP-WUS with DRX/eDRX/cDRX in MR, if any
· Synchronisation procedures between LR and MR, if any



	QC
	
	LR should be replaced with LP-WUR above

Regarding activation/deactivation, it would be good to clarify whether the activation/deactivation is defined from gNB perspective or from UE perspective. If it is from gNB perspective, then it is related to how to configure LP-WUS monitoring, e.g., based on cell -specific or UE-specific configuration. If it is from UE perspective, then it is about whether LP-WUS monitoring can be enabled/disabled by UE initiated procedure if it is supported in a cell. Also, it should be possible to have different approaches for activation and deactivation. It would be good to clarify it and have separate proposals for activation and deactivation.

For the third bullet, it would be good to remove “into and” from the proposal since the sub-bullet proposals are mainly about transition out of WUS monitoring after detecting LP-WUS. Also, the last sub-bullet proposal can be revised to “whether to monitor paging, PEI or directly to RRC is configurable, e.g., based on WUS”.

The “interaction” in the fourth bullet is not clear. Does it refer to the time location of the PO for paging monitoring after WUS?

The synchronization is big topic by itself. It should be discussed with LP-SS topic.

 

	FL2, FL3
	
	I have tried to incorporate comments into updated proposal

FL2 High priority Proposal 2-1: 
At least the following procedures and procedure-related aspects should be studied for LP WUS/WUR:
· Activation/Deactivation of LP-WUS monitoring. Study at least the following means of activation/deactivation
· based on dedicated RRC
· based on common RRC, such as SIB1 or SIBx 
· triggered by UE initiated procedure or not, i.e. whether UE transition into/out of WUS monitoring state in IDLE/INACTIVE mode is aware by gNB
· 
· Monitoring procedure of LP-WUS
· whether LP-WUS monitoring should be beam-based
· Alt1: whether monitoring should be contiguous or periodic monitoring occasions are defined/configured
· Alt2: contiguous monitoring is assumed unless configured otherwise
· Procedures for transitioning into and out of WUS monitoring state upon detecting WUS in IDLE/Inactive mode, i.e. how LP WUS is related to paging
· Monitor paging after WUS
· Monitor PEI after WUS
· Directly to RRC after WUS, i.e. PRACH
· Whether starting and stopping WUS monitoring UE transition into/out of WUS monitoring state in IDLE/INACTIVE mode is aware by gNB
· [Interaction of LP-WUS with DRX/eDRX/cDRX in MR, if any]
· [Synchronisation procedures between LR and MR, if any]
· FFS need for standardized solution


	Intel 
	
	For Activation/Deactivation of LP-WUS monitoring, the 3rd sub-bullet, it is a bit strange to use ‘i.e.,… is aware by gNB’. It is one aspect of UE initiated procedure. For example, once UE is switched to legacy way, UE may inform gNB, e.g., by RACH procedure. 

For monitoring procedures, we’re fine for further study for beam-based monitoring. For continuous monitoring, we think both contiguous and periodic monitoring occasions should be studied with equal priority.  
For procedure after detection of WUS, the sub-bullets are just examples, there are other examples, e.g., one possible behaviour is to receive SIB update without RRC connection. Further, does ‘Directly to RRC setup’ mean ‘Directly to RRC connection setup’? We suggest following revision  
· Procedures for transitioning into and out of WUS monitoring state upon detecting WUS in IDLE/Inactive mode, i.e. how LP WUS is related to paging. For example, 
· Monitor paging after WUS
· Monitor PEI after WUS
· Receive SIB after WUS
· Directly to RRC connection setup after WUS, i.e. PRACH



	Xiaomi
	Y
	OK with the proposal.

	ZTE, Sanechips
	
	The following is added.
· Activation/Deactivation of LP-WUS monitoring. Study at least the following means of activation/deactivation
· based on dedicated RRC
· based on common RRC, such as SIB1 or SIBx 
· triggered by UE initiated procedure or not, i.e. whether UE transition into/out of WUS monitoring state in IDLE/INACTIVE mode is aware by gNB
· Triggered by some implicit or explicit conditions



	Panasonic
	Y
	We are okay.



RRM measurements and mobility
Almost every contribution pointed out that RRM measurement power consumption could be limiting power saving advantage of LP-WUS. Therefore, FL suggestion is that [whether and] could be removed in the below proposal. Whether RRM measurements are further relaxed or some of functionality is offloaded to LR is to be studied. Several companies have proposed that serving/camping cell RRM measurements could be offloaded to LR, feasibility is to be studied.  If LR can ensure that UE’s camping cell remains valid/heard, there is no need to perform cell-reselection. 
For RRC connect mode mobility, no enhancements have been proposed to be studied.
   
FL1 High priority Proposal 2-2: 
For IDLE/INACTIVE mode,
· Study [whether and] how to reduce power consumption of MR caused by requirement to perform RRM measurements
· study feasibility of RRM measurements (RSRP, RSRQ), at least for serving/camping cell, based on potential LP synchronisation signal and/or LP-WUS preamble in LR. 
· study whether RRM measurement requirement (in terms of periodicity) can be further relaxed compared to R17, involve RAN4
· Study whether and how to support mobility/cell-reselection when monitoring LP-WUS, particularly whether re-selection is performed only by MR or also by LR, and how.
For CONNECTED mode, it is understood that legacy RRM measurement procedure is used.
	Company
	Support Y/N
	Comments

	Spreadtrum1
	Partially Y
	Maybe we should differentiate serving-cell measurement, neighboring-cell measurement and cell (re-)selection. Serving cell measurement is per I-DRX cycle, but the main radio may not wake up per I-DRX cycle. The intra-cell/inter-cell neighboring cell measurement and cell (re-)selection including S-criterion evaluation may be performed by the main radio…

	Futurewei
	Y
	We are OK with proposal.

	EURECOM
	Y
	We support the proposal.

	NEC
	Y
	We support proposal 2-2.

	Huawei, HiSilicon
	Y with modification
	For the first sub-bullet of the first bullet, maybe the definition of RSRP/RSRP can be changed due to the different reference signal used by LR other than SSB, so we suggest the following
· study feasibility of RRM measurements (RSRP-like, RSRQ-like), at least for serving/camping cell, based on potential LP synchronisation signal and/or LP-WUS preamble in LR. 


Beside the aspects listed by FL, other mobility procedures, e.g. the alignment with network on the tracking area/RAN area should also be studied.
So we suggest the following:
· Study whether and how to support mobility/cell-reselection when monitoring LP-WUS, 
· particularly whether re-selection is performed only by MR or also by LR, and how.
· Whether and how UE can get aligned with network on tracking area/RAN area



	MTK
	Y
	

	Nokia/NSB1
	(modifications)
	Proposal 1-2 also considers the feasibility of RRM thus should this the feasibility be first concluded in signal design and then we should look it further?  

	QC
	
	For the first sub-bullet, we can also add “study measurement requirement in terms of periodicity” since RRM measurement periodicity by LP-WUR is not necessary to be same as LP-WUS/LP-SS monitoring periodicity.

For the second sub-bullet, it is suggested to add “performed by MR” after “RRM measurement”. Since R17 measurement relaxation is only for neighbor cells RRM, it would be good to clarify whether RRM measurement here includes also serving cell RRM? 

For the second bullet, the following revision can be considered.

· Study whether and how to support mobility/cell-reselection when monitoring LP-WUS, particularly whether re-selection is performed only by MR or also by LP-WUR, and how


	FL2, FL3
	
	I have tried to incorporate comments into updated proposal

FL2 High priority Proposal 2-2: 
For IDLE/INACTIVE mode,
· Study [whether and] how to reduce power consumption of MR caused by requirement to perform RRM measurements
· study feasibility of RRM measurements (RSRP-like, RSRQ-like), at least for serving/camping cell, based on potential LP synchronisation signal and/or LP-WUS preamble in LR. 
· study also measurement requirement in terms of periodicity
· study whether RRM measurement requirement performed by MR (in terms of periodicity) can be further relaxed compared to R17, involve RAN4
· Study whether and how to support mobility/cell-reselection and neighbour-cell measurements when monitoring LP-WUS, particularly 
· whether re-selection is performed only by MR or also by LR, and how.
· whether and how UE can get aligned with network on tracking area/RAN area



	Intel 
	
	We are generally fine with the proposal. For the second main bullet, it is better to capture ‘potential LP synchronization signal and/or LP-WUS preamble’ as in the first main bullet. 

	Xiaomi
	Y
	OK with the proposal.

	ZTE, Sanechips
	
	Fine with it.

	Panasonic
	Y
	We are okay.



Other

· Coverage aspect has been mentioned often in the contributions, however, FL thinks coverage should be treated in 9.13.1 AI. 
· Capability for receiver sensitivity could be discussed in future, when sensitivities of different architectures are studied
· For FR2 study, while not precluded, there has been very little interest in the contributions. In contributions the main focus has been on IDLE mode which is naturally associated with FR1. 
· Mechanisms to switch power state between Ultra-deep sleep and other states are typically up to UE implementation, however, if some specification impact is seen, can be included in main topics of the summary.

Please comment if something is missing or you have different opinion on above assessment. There has not been any intention from FL to ignore companies’ proposals. 
	Company
	Comments
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Proposals from contributions
R1-2210851_FUTUREWEI
This contribution discusses the design consideration aspects of low-power WUS. The following summarizes our proposals.
Proposal 1: Consider adopting On-Off Keying (OOK) as the modulation method for the design of low-power WUS in Rel.18.
Proposal 2: Consider sharing time-frequency resources between WUS and legacy channels/signals by allocating time-frequency blocks for the transmission of WUS.
Proposal 3: Consider both sequence-based and message-based design for WUS information content
Proposal 4:  The message part may include UE/group/cell ID and their possible combinations.
Proposal 5: Simulations and evaluations should be performed to determine the necessities and details of CRC and FEC.
Proposal 6: Evaluate detection performance based on low-power WUS transmission schemes of OFDM-OOK and DFT-S-OFDM-OOK, and down-select.
Proposal 7: Consider allowing higher SCS numerologies for OFDM-OOK transmission in FR1 and studying the SCS and detection performance trade-off.
Proposal 8: For OFDM-OOK WUS transmission during on state OFDM symbols, evaluate the sequence selection impacts on the receiver detection performance.
Proposal 9: Study the trade-off between WUS tone allocation size, fraction of unused edge tones and WUR tunability and filtering performance requirements.
Observation 1: A minimum sampling frequency of the LP-WUS transmission rate of 56kbps is needed for DFT-S-OFDM OOK to achieve a similar MDR performance as the OFDM-OOK transmission scheme at a sampling frequency of only the LP-WUS transmission rate under the TDL-C 300ns channel.
Proposal 10: Study inter/intra cell interference’s impacts on WUR/S design requirements and detection performance and investigate schemes to mitigate the impacts.
Proposal 11: Consider defining different performance KPIs for preamble and message parts.

R1-2210910_Huawei, HiSilicon
In this contribution, we discuss the signal design, functionality and procedure for LP-WUS. The following observations and proposals are made:

Observation 1: LP-WUS with OFDM-based waveform can be orthogonal with co-existing NR signals.
Observation 2: Inter-subcarrier interference can be avoided/minimized if the numerology of LP-WUS is the same as that of co-existing NR signal/channels in deployment.
Observation 3: Both OOK and FSK modulation can support scalable data rates from 10 kbps to 100 kbps with typical SCS 15 kHz and 30 kHz.
Observation 4: OOK and FSK modulation can be generated by existing NR transmitter on gNB.
Observation 5: Initial analysis shows N-bit OOK generated by shortening pulse duration within one OFDM symbol is more sensitive to timing error. 
Observation 6: FSK, 1-bit OOK and N-bit OOK generated by not shortening pulse duration within one OFDM symbol are less sensitive to timing error.
Observation 7: If the frequency offset cannot be estimated and corrected, a larger protection bandwidth is needed.
Observation 8: FSK modulation provides a straight forward way for frequency offset estimation. If frequency offset is properly correctly, the need for protection bandwidth can be reduced. 
Observation 9: Serving cell measurement can be performed by low-power wake-up receiver along with LP-WUS/LP-SS reception. 
Observation 10: A unified LP-WUS signal design for CONNECTED mode and IDLE/INACTIVE mode can avoid supporting two kinds of LP-WUS receiver architecture for different RRC states. 
Proposal 1: LP-WUS uses an OFDM-based waveform.
Proposal 2: LP-WUS is assumed to use the same numerology as other co-existing NR transmissions.
Proposal 3: Study at least OOK and FSK for LP-WUS, including the following aspects
· Methods to generate OOK and FSK waveform
· Frequency separation for FSK
· Impact on time synchronization error for OOK and FSK
· Frequency offset and protection bandwidth for OOK and FSK
Proposal 4: Sequence-based design such as using different cyclic shift values, can be studied for e.g. conveying information for wakeup.
Proposal 5: For multiplexing of LP-WUSs for different UEs, study at least TDM, FDM, CDM.
Proposal 6: Study how to improve the coverage performance of LP-WUS.
Proposal 7: At least paging related information is carried in LP-WUS, 
· LP-WUS can indicate per-UE information or per-group information
· FFS other information.
Proposal 8: Identify categories of feasible methods for carrying necessary information by LP-WUS.
Proposal 9: Study how to support synchronization functionality for LP-WUS/WUR at least for time/frequency tracking purposes.
Proposal 10: Study how to support measurement and mobility functionality based on low-power wake-up receiver to minimize the triggering of main receiver for more power saving gains.
Proposal 11: A unified LP-WUS signal design should be considered for CONNECTED mode and IDLE/INACTIVE mode.

R1-2211032_vivo.docx
In this contribution, we provide our views on LP-WUS physical signal design, related functionalities and procedures. The observations and proposals are provided as follows.

Observation 1: Detection of existing OFDM signal can not achieve remarkable power consumption reduction at receiver.
Observation 2: It is beneficial to use OOK/ASK based waveform for LP-WUS to achieve ultra-low power consumption at receiver.
· It is feasible for gNB to generate OOK/ASK based waveforms by reusing existing OFDM modulator.
Proposal 1: Around 1.4MHz ~ 4MHz signal bandwidth can be considered as starting point for LP-WUS.
Proposal 2: Following LP-WUS structure can be further studied
· Sequence only 
· Sequence for sync + sequence for info bits
· Sequence for sync + information payload
Proposal 3: Extended message, which is to be handled in main radio but agnostic to WUR, can be transmitted in the LP-WUS.  The extended message can be system information modification, and FFS other types of information.
Proposal 4: Study low-power beacon signal structure including :
· Sequence only 
· Sequence for sync + sequence for info bits
· Sequence for sync + information payload
Proposal 5: The waveform of low power beacon signal should be the same as LP-WUS.
Proposal 6: Study LP-WUS/beacon transmission using DRX operation for idle/inactive mode.
Proposal 7: For LP-WUS receiver, moderate ADC bit-width is assumed, e.g., 4 ~ 8 bits,  and it is helpful for interference mitigation.
Proposal 8: OOK sequence can be considered as WUS preamble sequence detection with enough length such as 16, 32.
Proposal 9: Manchester coding can be considered as WUS message part to improve the decoding performance with low complexity and power.
Proposal 10: For IF-based or BB-based envelope detector, further study the number of required guardbands between LP-WUS and adjacent DL transmissions.
Observation 3: For legacy UE in idle state, paging monitoring and measurements contribute most of power consumption.
Observation 4: If idle UE performs measurements/sync based on existing reference signals, the main radio can not switched-off effectively, and the power saving gain obtained from WUR is not achievable.
Observation 5: Additional overhead is limited if beacon signal is supported.
Proposal 11: It is beneficial to introduce a periodically transmitted beacon, which can support coase time synchronization and link quality measurement based on WUR.
· UE can estimate the link quality through WUR without switching on the main radio.
Proposal 12: Study both TDM and FDM multiplexing for co-existence between LP-WUS and legacy signals/channels, with both semi-static and dynamic manner.
Observation 6: For coexistence between legacy PDSCH and LP-WUS, 
· Semi-static resource sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering LP-WUS related signals can be used to improve the spectral efficiency.  
· Dynamic resource sharing can be used if PDSCH is scheduled by DCI format 1_1; If PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how LP-WUS related signals is transmitted in PDSCH resource.
Proposal 13: Study to reuse the LP-WUS resources for other NR signal/channel transmissions.  
Proposal 14: Study LP-WUS receiver autonomously detecting the sampling rate, which can be beneficial from reducing power consumption perspective.

R1-2211068_TCL Communication Ltd.
In this contribution we discussed the L1 signal design and procedure for LP-WUS, and made the following observations and proposals.
Observation 1: A sequence based signal design of LP-WUS with PBCH have the following advantages: 
· Easy detection mechanism
· Low overhead 
· Support low cost LP-WUR architecture
· Synchronization of LP-WUR is not requires 
Observation 2: A UE specific or UEs group Specific design of the LP-WUS have the following advantages:
· Transmitted only when requires (one demand signals)
· Less wake up information 

Observation 3: Periodic LP-WUS allows the availability of LP-WUS for each LP-WUS mode UE and enhance the LP-WUS coverage. 
Observation 4: LP-WUS with longer periodicity may reduce the network overhead, however it may increase the ON time of the main radio. 
Observation 5: LP-WUS with shorter periodicity reduces the ON time of the main radio, however it may increase the network overhead. 
Observation 6: In idle/inactive state, a configured LP-WUS can be used to inform the UE or group of UEs to monitor the target paging PDCCH and it can replace the Rel-17 PEI for paging indication. 
Observation 7: In connected state, a configured LP-WUS in continuous OFDM symbol before a PDCCH monitoring is beneficial for the latency critical services. 

Proposal 1: Study at least the following signal designs for LP-WUS 
· Sequence based signal design of LP-WUS with PBCH 
· UE specific/ UEs group specific signal design of LP-WUS

Proposal 2: For LP-WUS monitoring procedure to trigger the main radio of a UE at least study the following options. 
· Periodic LP-WUS with a periodicity of SSB as a baseline
· Configured LP-WUS for a specific LP-WUS occasion


R1-2211184_CATT
In this contribution, we have discussed the UE wakeup mechanism and the design of the physical layer structure and procedure in support of the low-power wakeup receiver in achieving UE power saving.   We have the following proposals 
Proposal 1:  The operation band of the low-power wakeup receiver should not be limited to the NR operation band and have the selection of the band with the target of minimizing the cost and the power consumption with high receiver sensitivity.
Proposal 2:  The waveform of the wakeup signal for the LP-WUR should be designed with the target of minimizing power consumption and not restricted to the NR OFDM waveform.
Proposal 3:  The wakeup receiver could be configured to monitor wake up signals continuously for on-demand access or with duty-cycle to align the duty-cycle with the periodicity of DRX for CONNECTED mode UE or PO for IDLE/Inactive mode UE
Proposal 4:  The network support of UE wakeup mechanism by LP-WUR needs to inform all UEs by broadcast the configuration of wakeup signals through SIB-1 or SIB-x at a given cell.   
Proposal 5:  UE capability includes the receiver sensitivity of the low-power wakeup receiver.  UE will report its supported of low-power wakeup receiver in the UE capability.   
R1-2211271_Nokia, Nokia Shanghai Bell
In this contribution we discussed different aspects related to the LP-WUS signal design and procedures. In section 2.1 we considered the signal characteristics such as bandwidth, payload size, modulation and coding and came to the following observations and proposals.

Observation 1:  Wider LP-WUS BW can offer robustness against fading, but affects the spectrum efficiency and feasibility of multiplexing with other signals
Observation 2:  Having limited LP-WUS BW could allow adoption in different device types and enable use in different type of deployments. 
Observation 3:	 Wider LP-WUS BW could enable support of more flexibility in signal generation and different signal    characteristics and improve the tolerance to implementation impairments.
Observation 4:    The effects of assumed SCS on the LP-WUS symbol duration should be studied.
Observation 5:    It may be beneficial for some HW implementations to have a preamble, e.g. for comparator threshold settling. 
Observation 6:    A Sync field may be added to help the LR to find the beginning of the WUS payload. The sync field pattern can be also used to distinguish content and target group. 
Observation 7:    Payload field can used to carry relevant information and have different content and/or size based on the use case/procedure.
Observation 8:    A FCS/CRC check field calculated on the wake-up message payload will lower the FAR and ensure the integrity of the payload. 
Observation 9: 	 To achieve a good trade-off between sensitivity and power consumption, it may be necessary to introduce DRX on the wakeup receiver (as opposed to an always on receiver).
Observation 10: 	 The LP-WUS signal reception can suffer from intercell interference and other serving cell signals, which may degrade the false detection performance thereby reducing the power consumption savings from the introduction of the LP-WUS.
Observation 11:   The LP-WUS modulation scheme selected should be resource efficient accounting need for possible guard bands, device BW restrictions and efficient multiplexing with other LP-WUS and other legacy signals.
Observation 12:   The LP-WUS modulation scheme selected should provide robust performance (sensitivity and selectivity) using low power receiver architectures.
Observation 13:   A LP-WUS designed to support a flexibly sized payload would allow the LP-WUS to be easily adoptd for different use cases.
Observation 14:   The LP-WUS modulation scheme selected should be easy to generate using the existing gNB architecture.
Observation 15:   If DFT-s-OFDM type of modulation is considered, effect of CP in the transmission should be studied, if LP-WUS spans multiple OFDMA symbols.
Observation 16:   Possibility of multiplexing a spreading sequence in the ON duration of DFT-s-OFDM should be studied to enhance coverage and to improve detection performance.
Observation 17: If eDRX based evaluation rate is assumed, the mobility of the devices should be assumed to be restricted to semi-stationary to avoid service interruptions due to delayed mobility evaluations. Alternatively, if higher mobility (than semi-stationary) is assumed, the service should be able to tolerate longer latency. 
Observation 18:   Reducing the measurement activity in CONNECTED mode can have negative impact on service quality.
Observation 19: 	LP-WUS can be sent as an indication of Paging and can enable UE to start RRC state transition to RRC-Connected in different ways depending on the payload –
· LP-WUS as indication of paging for legacy paging group will trigger main radio to monitor paging PDCCH or early paging indication. 
· Sub grouping of UE will reduce the unnecessary paging monitoring but increases LP-WUS payload 
· LP-WUS with full UE ID may enable skipping paging information monitoring, and minimize power consumption due to false alarm paging monitoring but will increase LP-WUS payload.

Proposal 1: 	The SI evaluates the LP-WUS BW accounting performance/robustness and applicability to different device types and deployments. 
Proposal 2: 		The SI evaluates the benefits and the cost of supporting different LP-WUS fields.
Proposal 3: 	The SI evaluates the potential benefits and drawbacks of supporting fixed wakeup occasions allowing the wakeup receiver to enter a lower power DRX mode in between such occasions.
Proposal 4: 	The SI considers techniques to improve the robustness of the LP-WUS to inter-cell and intra-cell interference.
Proposal 5: 	Clarify the mobility assumption for the purpose of LP-WUS evaluations and design and ensure that assumptions are aligned with other assumptions.
Proposal 6:	Evaluate the possible alternatives and feasibility to reduce the need of MR based RRM measurements with limited mobility performance impact.
Proposal 7: 	If CONNECTED mode operation with LP-WUS is considered, the link quality measurements and reporting need to be accounted for in evaluations. 
Proposal 8:   	Consider different alternatives for LP-WUS payloads to support/replace Paging PDCCH monitoring.  
R1-2211321_InterDigital, Inc.
In this contribution, we discussed key design issues of LP-WUS and associated procedures to support low power wake-up signal in NR air interface. From the discussions, we made the following observations and proposals: 

Observation 1: With different potential application scenarios and corresponding functionalities of LP-WUS, each potential scenario may support different data rates and have different requirements of synchronization and detection latency.
Observation 2: OOK and FSK are the most commonly used modulation schemes which enable simple receiver structure with low power consumption by supporting non-coherent energy detection.
Observation 3: Both single carrier and multi-carrier can be considered for generating LP-WUS, but with different impacts on implementation complexity, interference and co-existence with other signals/channels.
Observation 4: Utilization of LP-WUS/LP-WUR is not always beneficial considering additional power consumption and low coverage/sensitivity of LP-WUR. 
Observation 5: Conditions such as coverage/sensitivity for enabling/disabling LP-WUR may dynamically change due to UE movement and blockage. 
Observation 6: LP-WUS monitoring scheme may have an impact on power saving gain. 
Observation 7: LP-WUS assisted paging during idle/inactive state may provide power saving benefits.
Observation 8: LP-WUS can be used to offload main radio’s RRM measurement for mobility support during idle/inactive state.

Proposal 1: Evaluate the required data rate, the requirements of synchronization and detection latency for potential application scenarios (and corresponding functionalities) of LP-WUS.  
Proposal 2: Consider OOK and FSK as candidate modulation schemes for LP-WUS. 
Proposal 3: Study the benefits of single carrier/multi-carrier waveforms as candidate waveform schemes LP-WUS and corresponding benefits on implementation complexity, interference and co-existence with other signals/channels. 
Proposal 4: Key design parameters and aspects of LP-WUS including LP-WUS symbol length (or SCS), the number of modulated bits per LP-WUS symbol, bandwidth, coverage (or receiver sensitivity) and multiplexing should be carefully decided considering the design trade-off between the key parameters/aspects of LP-WUS. 
Proposal 5: Study efficient configuration, activation and deactivation mechanisms for LP-WUS and LP-WUR.
Proposal 6: Study proper monitoring scheme for LP-WUS.
Proposal 7: Study procedures to use LP-WUS to facilitate power-efficient paging operation during idle/inactive state and evaluate the potential power saving gains.
Proposal 8: Study the procedures and feasibility of using LP-WUS to offload main radio’s RRM measurement for mobility support during idle/inactive state. Evaluate the power saving gains. 
Proposal 9: Although FR1 may be a main frequency range for LP-WUS, FR2 should be considered for LP-WUS design.
Proposal 10: Study enhanced beam related procedures for supporting LP-WUS in FR2 should be studied. 
R1-2211327_Everactive
Proposal 1: use Manchester encoding with OOK.
Proposal 2: use wideband OOK that modulates all subcarriers in the allocated resource with OOK

R1-2211349_xiaomi
In this contribution, we propose the followings:

Proposal 1: Whether LP WUR should keep synchronization with gNB should be considered.
Proposal 2: UE grouping function should be supported by LP WUS.
Proposal 3: The coverage requirement of LP WUS should be decided.
Proposal 4: Enhanced paging mechanism can be studied to reduce overall latency.
R1-2211422_Intel Corporation
Proposal 1: Study OOK and FSK as modulation scheme for LP-WUS, taking target power consumption/complexity of LP-WUR and sensitivity/coverage into account, with consideration of robustness against co-channel/adjacent-channel interference, and against larger time/frequency error.
Proposal 2: Study coding scheme for LP-WUS, taking Manchester code and repetition code as starting point. 
Proposal 3: Study single and multi-carrier OOK/FSK for OFDM-based LP WUS. 
· Proper bandwidth and duration of LP-WUS signal is to be determined based on LP-WUS overhead, target data rate for LP-WUS, Rx filter with reasonable complexity and power consumption, achievable lock accuracy, co-existence with other NR DL signals/channels, and impact of time and frequency fading channel. 
· Same SCS as NR SS/PBCH or larger SCS can be considered. 
· Bandwidth similar to NR SS/PBCH can be considered as starting point. 
Proposal 4: Study LP-WUS structure based on two parts, 
· 1st part is at least for LP-WUS presence detection and frequency/time synchronization. 
· 1st part is a known-sequence. 
· 2nd part is for wake-up message. 
· 2nd part consists of a string of information bits. 
· The information bits include at least LP-WUS target ID. 
Proposal 5: Study LP-WUS monitoring occasions 
· The periodicity and offset for LP-WUS occasions can be configured by gNB. 
· The duration of a LP-WUS occasion can be one or multiple consecutive OFDM symbols within a slot or over multiple slots. 
Proposal 6: Study in-band LP-WUS which can be multiplexed with NR channels/signals in different PRBs within a carrier. 
· Study frequency location determination/configuration for LP-WUS. 
Proposal 7: Study following 2 possible UE procedures based on LP-WUS reception for RRC idle/inactive mode
· Option 1: Main radio is off until UE identifies its LP-WUS. UE may still need to monitor PEI after turning on the main radio, assuming UE can obtain group information of PO but without sub-group information by LP-WUS.
· Option 2: Main radio is off until UE identifies its LP-WUS. UE may directly decode Paging PDCCH/PDSCH without PEI after turning on the main radio, assuming UE can obtain at least sub-group information of PO by LP-WUS.
· For all options, UE may need to perform legacy measurement by main radio before receiving PDCCH/PDSCH. 
Proposal 8: Study relaxed RRM measurement for cell selection/re-selection with careful evaluation of the impact on mobility.
Proposal 9: Study UE procedure based on LP-WUS reception for RRC connected mode
· Main radio is on (deep/light/micro sleep) while PDCCH monitoring depends on the detection of LP-WUS
Proposal 10: Study unified or separate design for LP-WUS for RRC connected and idle/inactive state. 


R1-2211473_OPPO
In this contribution, we had discussed and analyzed lower power WUS design enhancement for NR. We can focus on the totally new WUS design and consider the wider impact bring by that signal. Regarding the LP-WUS signal design, we have following proposals:

Proposal 1: For the frequency band, RAN1 study the case that NR DL frequency band is used to transmit very low power wake-up signal.
Proposal 2: Wake-up signal consider OOK or FSK as basic detection wave form with symbol duration of 2^n times of NR OFDM duration without CP. The n can be 0~4. Transmission bandwidth can be 6~24 PRB @ 15kHz.
· Compatible NR CP is also inserted.
· Guard band for WUS should be considered, if supporting multiplexing with NR signals/channels
· In the case of FSK, frequency shifting should be in number of transmission bandwidth.
Proposal3: Study the scenarios with very low power wake-up signal carrying a WUS ID and mapped to a cell ID.
Proposal4: Study whether the very low power WUS signal measurement can facilitate the main radio wake-up and supporting the mobility of UE.

R1-2211546_Spreadtrum Communications
We have the following observations.

Observation 1: We should keep the KPIs in mind for the design, e.g. the power saving gain, the latency, the resource overhead to meet the coverage requirement, and the mobility in terms of the measurement relaxation at the main radio.
Observation 2: For the procedure of network reachability, we still need to determine some assumptions, e.g. Continuously-monitoring vs. periodically-monitoring, whether the LP-WUS supports beam sweeping or not, whether the main radio should still monitor PO after wakeup, whether the measurement is relaxed or not at the main radio and whether the main radio needs to perform cell search after wakeup.
Observation 3: Whether the measurement in a power efficient way can be performed at the LP-WUR needs to further study.
We have the following proposals.
Proposal 1: How to balance the operations between the main radio and the LP-WUR should be studied, e.g. network reachability, measurement and cell (re-)selection.
Proposal 2: 1-bit modulation, e.g. OOK modulation, can be considered.
Proposal 3: The code rate can be equal to 1/2 (e.g. Manchester code) or lower than 1/2 (e.g. low rate block code).
Proposal 4: The required SNR can be provided from the baseband simulator with assumptions of the modulation order and the code rate.
Proposal 5: The modulation symbol rate can be about several kilo symbols per second.
Proposal 6: The modulation order, the data rate and the baseband bandwidth can be scalable to enable the forward compatibility.
Proposal 7: The structure of the LP-WUS does not mean the new slot format.
Proposal 8: Start from studying the LP-WUS in form of signals/channels to construct a structure.

R1-2211600_Panasonic
Based on the discussion, the following proposals are highlighted: 

Proposal 1: LP-WUR wake up latency should be taken into account for LP-WUS design aspects, considering the functionalities and applicable use cases.
Proposal 2: LP-WUS needs to co-exist with other NR signals. The signal design should not mandate gNB hardware change.
Proposal 3: LP-WUS should not require re-planning of the cell deployment. LP-WUS coverage performance should be guaranteed in the existing deployment. Further discussion is needed on the coverage performance of LP-WUS should match to which bottleneck channel, e.g. PDCCH or PUSCH.
Proposal 4: Study some kind of cell specific randomization/scrambling of LP-WUS.
Proposal 5: For power saving gain in realistic operation, LP-WUR/WUS should be used for RRM measurement at least for serving cell.
Proposal 6: LP-WUR/WUS should support the functionality of time/frequency tracking to maintain serving cell quality measurement in both cell edge and center.
Proposal 7: RRC IDLE/INACTIVE has higher priority in the study.
Proposal 8: OFDM waveform is considered as baseline for LP-WUS design. Optimized SCS is FFS.
Proposal 9: MC-OOK and FSK can be considered as baseline for the structure of LP-WUS, which can be used for feasibility study on receiver sensitivity and complexity estimation. The detailed design including the sequence generation and sequence mapping can be studied further. We are also open to check other waveform and structure for LP-WUS, which should not be precluded at this moment.

R1-2211629_Sony
In this contribution, we have discussed our view on low-power WUS design and aspects related to L1 and higher layer signalling. Our observations and proposals are listed below.

Observation 1 – To compensate for performance loss of LP-WUR due to its ultra-low power design, longer signal sequences containing more total energy and suitable low power digital base-band processing (DBB), allow for low detection error probabilities.
Observation 2 – The properties of the signal design are important for low power reception.
Observation 3: The length of the LP-WUR’s LP-WUS monitoring window increases due to the timing inaccuracy of the LP-WUR low accuracy clock.
Observation 4: The length of the LP-WUR’s LP-WUS monitoring window is minimized when the LP-WUR has recently synchronised to the network.
Observation 5 - Currently, the signals available for cell re-selection evaluation procedure, i.e., the synchronization signals (SSB) or reference signals of the neighbor cells, can only be measured by the main radio. 

Proposa1 1 – Support LP-WUS designs compensating for LP-WUR performance loss using spreading.
Proposal 2 – Support LP-WUS structure including cell identity and wake-up group identity. 
Proposal 3 – Support mechanisms to OFDM embed LP-WUS without creating interference to other OFDM transmissions.
Proposal 4 – RAN1 should define evaluation assumptions that allow all WUS signal types to be evaluated including maximum lengths and bandwidths for prospective WUS signal designs.
Proposal 5: RAN1 studies the effect of timing drift on LP-WUR power consumption when the LP-WUR operates in a DRX mode.
Proposal 6: RAN1 studies the need to monitor the reliability / performance of the LP-WUS.
Proposal 7 – Consider low-power mechanisms to support mobility and cell re-selection mechanism for UEs with  LP-WUR. 


R1-2211704_CMCC
In this contribution, some considerations of L1 signal design and procedure for low power WUS are discussed and the following proposals are made.

Proposal 1. OFDM-based waveform is used for LP-WUS. 
Proposal 2. OOK can be the candidate modulation method of LP-WUS. Both 1-bit OOK and multi-bit OOK can be considered.
Proposal 3. For UE in RRC_IDLE/RRC_INACTIVE state, LP-WUS is used to indicate UE whether to monitor paging or not similar to Rel-17 PEI. UE-group based paging indication can be supported for LP-WUS.
Proposal 4. For UE in RRC_CONNECTED state, LP-WUS is used to indicate UE whether to monitor PDCCH or not similar to Rel-16 DCP and Rel-17 PDCCH skipping/SSSG switching and strive a joint LP-WUS design for all functions.
Proposal 5. Coverage of LP-WUS/WUR should be comparable with the main radio.
Proposal 6. Transition between Rel-16/Rel-17 UE power saving techniques and Rel-18 LP-WUS can be considered to guarantee the best UE power saving gain.
R1-2211836_Apple
In contribution, we have discussed WUS design and related procedures, and proposed the following:

Proposal 1: Study and compare the following candidate modulation/waveform for the wake-up signal:
· OFDM signal based, e.g. sequence-based signal
· OOK
· FSK
Proposal 2: DRX operation (or periodic monitoring) of WUR should be considered in the LP WUS design.
Proposal 3: Synchronization signal should be studied to support DRX operation of WUR, especially for OOK/FSK-based signal.
Proposal 4: Both UE-specific and group-common WUS should be considered to be supported.
Proposal 5: At least the following should be considered for RRM measurement with LP WUR:
· Relaxation of existing RRM measurement requirements
· New RRM measurement function(s) supported by LP WUR, e.g. serving cell measurement
Proposal 6: At least the following procedures should be studied for LP WUS/WUR:
· Enabling and disabling of LP WUS monitoring
· How LP WUS is related to paging
· The need for new RRC state(s)
· UE procedures for transitioning into and out of WUS monitoring state for RRC connected mode

R1-2211857_Sharp
In this contribution, we have the following observations and proposals:

Proposal 1: Study MC-OOK for LP-WUS signal in cellular network
Proposal 2: The bandwidth of one LP-WUS signal should not be larger than 5MHz.
Proposal 3: The LP-WUS signal should be designed with flexibility for different deployments.
Proposal 4: LP-WUS should not be constrained by the semi-static slot configuration.
Proposal 5: Study the synchronization between LR and MR

R1-2211909_ZTE, Sanechips
In this contribution, we have discussed issues on L1 signal design and related procedure for LP-WUS. We make the following observations and proposals:

Observation 1: For LP-WUS, if RRM measurement for serving cell is performed too frequently on Main Radio, the power consumption of Main Radio On/Off and RRM measurement will occupy the most part of the total UE power consumption when enabling LP-WUS.
Observation 2: For LP-WUS receiver, if the monitoring mechanism is “Always On”, the problem of DL asynchronization may not seriously degrade the LP-WUS detection performance.
Observation 3: For LP-WUS receiver, if the monitoring mechanism is “Periodic on-off”, the problem of DL asynchronization may seriously degrade the LP-WUS detection performance.
Observation 4: From perspective of gNB, PAPR of DL output signal will be impact if FDM is supported for LP-WUS transmission.

Proposal 1: For the design of LP-WUS structure, the following three structures can be used as candidates for further study.
· Alt 1: Only preambles (or sequences) in time domain;
· Alt 2: Preambles (or sequences)+Payload; 
· Alt 3: Reference sequence and preambles (or sequences)+Payload;
Proposal 2: For LP-WUS, at least the following information should be studied:
· UE ID/ Group ID
· System information modification and ETWS
Proposal 3: For the design of LP-WUS waveform, at least the following waveforms can be treated as candidates to be further studied.
· Alt 1: MC-OOK based waveform
· Alt 2: 2FSK based waveform
· Alt 3: MC-MASK based waveform
· Alt 4: MFSK based waveform
· Alt 5: Time masking based waveform
Proposal 4: For the design of LP-WUS waveform, at least the following principles can be further considered.
· Lower complexity
· Reliable detection performance 
· Low PAPR
· Duty cycle of LP-WUS symbol 
· Whether to use DC subcarrier
· Interference avoidance 
Proposal 5: For serving cell RRM measurement in LP-WUS mode, at least the following two alternatives can be used as candidates for further study.
· LP-WUS including preamble and/or corresponding payload can be used for serving cell RRM measurement.
· LP-WUS like specific signal with longer periodicity can be introduced for serving cell RRM measurement.
Proposal 6: Once the UE is wakened up by LP-WUS detection, serving cell RRM measurement is suggested to be made after Main Radio is turned on.
Proposal 7: For neighboring cell RRM measurement, it is suggested to be made after Main Radio is turned on.
· Whether to perform neighboring cell measurement can be decided based on serving cell RRM measurement result.
· Neighboring cell measurement relaxation mechanism for Rel-17 RedCap can be reused for Rel-18 LP-WUS
Proposal 8: For LP-WUS receiver, frequency drift caused by monitoring mechanism, i.e. always on or periodic on-off, and the LP-WUS detection performance should be further studied.
Proposal 9: For LP-WUS multiplexing scheme, TDM can be treated as a baseline and FDM can be further studied.
Proposal 10: For LP-WUS receiver, the following monitoring mechanism could be treated as candidates for LP-WUS detection
· Always On. The LP-WUR continuously detects the LP-WUS 
· Periodic on-off. The LP-WUR discontinuously detects the LP-WUS with periodicity.
Proposal 11: Consider how to activate/deactivate the LP-WUS mode and relax the RRM measurement during LP-WUS mode.
R1-2212008_NTT DOCOMO, INC.
In this contribution, the L1 signal design and procedure for low power WUS was discussed. Based on the discussion, the following observations and proposals were made:

Proposal 1: Study the support of the following features in Ultra-deep sleep power state
· WUS-based synchronization
· WUS-based measurement
Proposal 2: Further study the contents carried by LP-WUS (e.g. UE group ID)
Proposal 3: RAN1 further study the coverage performance of LP-WUS taking into account the support of Rel-17 RedCap/Rel-18 eRedCap. 
Proposal 4: Further study the mechanisms to switch power state between Ultra-deep sleep and other states.
Proposal 5: UE procedure for paging and Msg. 1-4 after LP-WUS reception should be further discussed.

R1-2212072_Samsung
The proposals made in this contribution are summarized below: 
Proposal 1: The support of LP-WUS/WUR shall obey the following design principles:
· Avoid impact to UEs in initial access;
· At least two RRC states shall be supported for LR to avoid always-on LP-WUS transmission and reception.
· Further study the transition between RRC states for LR, and the relationship with RRC states for MR.

Proposal 2: The design of LP-WUS can be down-selected from the following two options:
· Option 1: LP-WUS includes sequence based signal(s) only.
· Option 2: LP-WUS includes sequence based signal(s) and message based channel(s).
· The sequence shall reuse 3GPP legacy sequence as the baseline and further study its combination with OOK modulation method.
· The message (if applicable) shall reuse 3GPP legacy channel coding and modulation method.

Proposal 3: The overall resources for LP-WUS should be configurable:
· LP-WUS shall occupy a number of contiguous subcarriers in the frequency domain;
· LP-WUS can be multiplexed with other NR signal/channels in the frequency domain;
· Whether the frequency location and/or bandwidth for LP-WUS is configurable or fixed should take into the LR architecture design.

Proposal 4: Study the at least the following procedures related to the LP-WUS:
· Procedure for providing the configuration of the LP-WUS and triggering the transition from using MR to using the LR.
· Procedure for receiving the LP-WUS when the MR is turned off.
· Procedure for waking up the MR and transiting from using the LR to using the MR.
R1-2212144_Qualcomm Incorporated
In this contribution, we discussed LP-WUS waveform options and generation methods considering coexistence with CP-OFDM waveform. LP-WUS coverage, payload size, and bandwidth have been discussed as part of LP-WUS design. Synchronization is a crucial part of LP-WUS/WUR design since LP-WUR could have very limited energy budget and clock source. To enable such LP-WUR in synchronized/slotted cellular system, it is necessary to have appropriate mechanism to help synchronization. Offloading RRM to LP-WUR is identified as one of key techniques enabling high power saving gain. Based on discussion, we have following observations and proposals.

Observation 1: Approach 1 (DFT-s-OFDM based OOK) and Approach 2 (OFDM-based LS approximation) both results in time-domain OOK signals with very similar waveform and BER. Approach 1 is easier to implement than Approach 2.

Proposal 1: RAN1 shall study method to generate time-domain OOK waveform that is compatible with CP-OFDM to allow in-band co-existence between LP-WUS and other existing NR signals.

Proposal 2: The LP-WUS coverage shall strive to match the coverage of NR (e.g., NR paging PDCCH coverage).  

Proposal 3: RAN1 shall study the minimum amount of information conveyed by LP-WUS to support necessary functionalities, and the BW configuration for LP-WUS. 

Observation 2: LP-SS can help in synchronization of the LP-WUR and reduce complexity of buffering for an entire WUS periodicity, which is in order of seconds or minutes.

Observation 3: LP-sync-preamble signal can be used for synchronization. However, it requires continuous monitoring by WUR, which is power consuming at the WUR. 

Observation 4: LP-sync-preamble signal can be used with LP-SS to further help in reducing synchronization errors.

Proposal 4: Study pros and cons of LP-sync-preamble signal vs LP-SS schemes as methods for synchronization for WUR.

Observation 5: Continuous LP-WUS monitoring is not power efficient.

Proposal 5: A duty cycled monitoring scheme should be supported for LP-WUR. RAN1 should study the duty cycle configuration for LP-WUS monitoring considering given target power and latency requirement.

Observation 6: Dependent on the LP-WUS payload design, there could be different UE behaviors for paging monitoring when MR is waked up after receiving the LP-WUS.

Proposal 6: RAN1 should study whether UE is required to process the upcoming PO and/or monitor Rel-17 PEI when MR is waked up after receiving the LP-WUS.

Observation 7: Combination of LP-WUS and eDRX is beneficial for stationary UE use cases that do not require frequent RRM measurement.

Proposal 7: RAN1 should study LP-WUS + eDRX combination.

Observation 8: If RRM measurement is done by MR, MR wakeup is governed by RRM measurement and power saving gain from LP-WUR is very limited.

Proposal 8: Some RRM measurement functionality can be offloaded to LP-WUR. RAN1 should study what reference signal is used for the LP-WUR based measurement and the definition of the new metrics

R1-2212160_Ericsson
In this contribution, we made the following proposals:

Proposal 1	It should be possible to generate LP-WUS transmissions using existing gNB hardware and not trigger any new emissions or compliance requirements.
Proposal 2	It should be possible to multiplex the LP-WUS with other NR transmissions.
Proposal 3	It should be possible to reuse any unused LP-WUS time and frequency resources for other transmissions.
Proposal 4	Target the same coverage for LP-WUS as for Paging PDCCH.
Proposal 5	Study solutions for reduction of false wakeup events for efficient LP-WUR operation (e.g., UE subgrouping).
Proposal 6	Study the need for additional synchronization signals for LP-WUR or whether existing signals are sufficient.





R1-2212263_MediaTek Inc.
In this contribution, we have the following observations and proposals.

Proposal 1	Preamble sequences and/or a payload can be considered to deliver group ID for LP-WUS
Proposal 2	OOK with Manchester code and pulse position modulation (PPM) can be considered to simplify demodulation by allowing energy-based detection.
Proposal 3	Guard bands can be considered to reduce inter-subcarrier interference and relax the receiver architecture requirements.
Observation 1	WUR-assistant measurement relaxation provides a 36% PS gain when meaaurement can relax four times.
Proposal 4	LP-WUR-assisted meas. relaxation to prolong the main receiver's sleep time can be considered.
Proposal 5	Consider LP-WUR-assisted SSSG switching, where UE is configured with one SSSG for LR to monitor LP-WUS and another SSSG for MR to monitor DCI.
Observation 2	LP-WUR-assisted SSSG switching shows 16% to 19% PS gains compared to R17 SSSG switching.

R1-2212318_Rakuten Symphony

In this contribution, L1 signal design for LP WUS has been discussed. The following are proposed:

Proposal 1: Study MC-OOK and MC-FSK waveforms as LP WUS candidates.
Proposal 2: Consider WUS BW to be about [4] MHz
Proposal 3: Consider guard bands between WUS and NR signal.
Proposal 4: Study fixed and random WUS sequences.
Proposal 5: Consider the following options for WUS SCS
· same SCS as NR signal
· WUS SCS can be different than NR signal
Proposal 6: WUS frame consists of at least a preamble and a payload part.
Proposal 7: WUS preamble contains synchronization signals.
Proposal 8: Consider WUS beacon frames for RRM measurements.
Proposal 9: Cell ID should be included in the WUS beacon frame (if supported). Consider including part of the cell ID in the beacon payload. 

R1-2212366_NEC
In this contribution, we discussed the L1 signal design and procedure for LP-WUS, the following proposals are made:
Proposal 1: study OOK based low power wake up signal.
Proposal 2: study OFDM or DFT-s-OFDM based OOK symbol generation, and consider techniques to enable orthogonal design of the OFDM symbol and OOK symbol in order to achieve better resource utilization. 
Proposal 3: study synchronization design for UE in low power mode, consider SSB based synchronization and low power synchronization signal (LP-SS) based synchronization.
Proposal 4: study RRM measurement for UE in low power mode, consider LP-SS based RRM and RRM relaxation for SSB based measurement.
Proposal 5: study wake-up procedure for UE in low power mode, consider sequence based LP-WUS (one or two sequences) and code block based LP-WUS for wake-up indication, and take the miss-detection and overhead issues into account.

R1-2212385_EURECOM
In this contribution the following proposals and observations have been made:
Proposal 1: Consider a preamble prior to the data part of the transmission.
Proposal 2: Transmit multiple bits per OFDM symbol using MC-OOK.
Observation 1: For DFT-precoded MC-OOK, the number of sub-carriers per bit needs careful consideration. 
Proposal 3: Consider encoding of the WUS payload, e.g. Manchester code, for improved performance.
Proposal 4: Consider an overlay code in time-domain to increase spectral efficiency of the WUS.
Proposal 5: Consider encoding information via different sequences.
Proposal 6: Consider similar WUS configuration as in LTE-M/NB-IoT.
Proposal 7: Consider the WUS to carry other message types besides wake-up message.

R1-2212412_Lenovo
Below is the summary of proposals from our contribution 
Proposal 1: Evaluate candidate waveform such as MC-OOK and FSK for target data rate and latency requirement for LP-WUS transmission/reception 
Proposal 2: Evaluate the relative coverage loss of the LP-WUR compared to main receiver and methods to recover the coverage loss should be studied 

R1-2212419_Nordic Semiconductor ASA
In this contribution we discussed issues related to LP-WUS signal design and had observations and proposals:
Observation-1: Both MC-FSK, MC-OOK can be easily created within NR OFDMA signal. 
Observation-2: LP-WUS pattern using MC-OOK could be easier to cover by RateMatchPattern(s) compared to MC-FSK.
Observation-3: Study whether there is a benefit from low PAPR waveforms at the LP-WUS detector.
Proposal-1: Study link performance of LP-WUS signals using DFT-S-OFDM transform to create multiple chips per OFDM symbol, this in addition to signals using one OFDM symbol per chip.
Proposal-2: Study whether preamble part of WUS should be introduced.
· Study detection performance of sequences to be used for preamble.
· Study how serving cell RSRP could be measured based on these sequences.
Proposal-3: If LP-WUS will support preamble part, consider using Manchester coding for LP-WUS time synch.
Proposal-4: Study whether data part of LP-WUS should be introduced.
· Study channel coding gain of FEC coding schemes having low-complex decoder.
· Study at least binary block codes.
· Assume that CRC is added to reduce false alarm rate.
· Study whether and how to support variable coding rate using binary block codes.
Proposal-5: For LP-WUS power consumption consider that RRM measurements can be relaxed to up to once 24h at least in IoT use-case.
Observation-4: LP-WUS BW-requirement should take into account a frequency error of the receiver.
Proposal-6: Study whether LP-WUS data-rate could support per individual UE wake-up.
Proposal-7: Study power-efficient and resource-efficient signaling procedures enabling UE to enroll/subscribe for LP-WUS reception
Proposal-8: Assuming that LP-WUS monitoring periodicity is the same as MR (e)DRX, upon reception of LP-WUS, MR should still receive paging before entering RRC. 
Proposal-9: The LP-WUS procedures should be designed on top of DRX/eDRX.
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   Identify  evaluation methodology   (including the use cases)   & KPIs [RAN1]   o   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 c hanges needed to support  the  wake - up  signals    [RAN2,  RAN 1]       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 - lo w - power - WUR  UEs, network coverage /capacity/resource overhead should be  included in the study   [RAN1]   o   Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary.   

  This contribution summarizes the discussions on L1 signal design and procedu re for low power WUS in RAN1#111.    Section 2 provides a summary of the outcome. Section 3 documents the detailed discussions. Companies’ proposals  from the contributions are captured in the Section 5. TDOCs are referenced in Section 4.   At this point, pleas e provide kindly input to proposals marked with  FL3   2   Outcome   Proposals for GTW Tuesday:   FL3 High Priority  Proposal 1 - 1a:      Study generation and link performance  (BLER)   of multi - carrier (MC) - ASK/[OOK] waveform   o   study techniques to generate waveform by modulating sub - carriers of CP - OFDM  [FFS : drop CP at  transmitter)]   symbol , consider X=[1 - M] bits transmitted per OFDM symbol, where M is FFS.       Note  that above does not preclude   DFT - S - OFDMA     o   study link performance co nsidering at least the following aspects      Filtering of transmitted waveform at the transmitter      Filtering  of  co - channel/adjacent - channel interference   at the receiver      Location within carrier      G uard band s, if any, around LP - WUS     FL3 High priority  Proposal 1 - 1b:      Study generation and link performance  (BLER)   of multi - carrier (MC) - FSK waveforms   o   study techniques to generate waveform by modulating sub - carriers of CP - OFDM   symbol  [FFS :  drop CP at transmitter)]   symbol, consider X=[1 - M] bits transmitted per OFDM  symbol, where M  is FFS.   o   study link performance considering the following aspects      Filtering of transmitted waveform at the transmitter      Filtering of  co - channel/adjacent - channel interference   at the receiver      Location within carrier      Frequency and timing error       Frequency separation between 2^M groups of contiguous SCs of M - bit FSK  

