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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#112. 
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 at least to proposals and questions marked with FL5
Outcome of discussion

High-FL5-Proposal-4: For M-bit MC-FSK generation study further the following options
· Option FSK-1: N SCs of LP-WUS are separated to M pairs of segments with potential guard-bands in-between and around. 
· segment comprises one sub-carrier or multiple contiguous SCs
· in a pair of segments one segment is modulated, other segment is zero power (from base-band point of view)
· Option FSK-2: N SCs of LP-WUS are separated to 2^M segments with potential guard-bands in-between and around.
· segment comprises one sub-carrier or multiple contiguous SCs
· one segment from 2^M segments is modulated, other segments of SCs are zero power (from base-band point of view)
· Option FSK-3: N SCs of LP-WUS are separated to M+2 segments with potential guard-bands in-between and around.
· frequency segment comprises one sub-carrier or multiple contiguous SCs
· each of M segments carries 1 bit, i.e. OOK, and additional 2 segments serves as reference, one is modulated the other is zero power (from base-band point of view).  
· M >0
· N >1
· Study how to generate segment in time domain, e.g. OOK-1 or OOK-4 
· Other options are not precluded.

In addition, FSK-3 can be captured capture by updating previous OOK agreement

Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 

…..
· FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
· Companies to report their assumptions
· potential guard-band SCs are zero power (from base-band point of view)
· optionally, 2 additional segments, one always modulated and one always zero power (from base-band point of view) can be transmitted to aid receiver
· single-bit OOK means M=1
· Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)
· For Karol: remove e.g shaping
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High-FL5-Proposal-1:
· For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions overlapping in time with the CP-OFDM symbol, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR signals
· link performance 
· impact to legacy UEs
· impact on gNB 

High-FL3-Proposal-5: At least for Idle/Inactive, when comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms LP-WUS, at least raw bitrate, resources (including any guard bands) are kept constant between waveforms. Study
· impact of timing error
· impact of frequency error
· impact of phase noise and I/Q imbalance
· impact of ADC resolution and sampling rate
· impact of interference

Low-FL2-Proposal-10: Study whether and how to provide synchronisation assistance from LP-WUR to MR upon MR wake-up from ultra-deep sleep.

High-FL3-Proposal-12: Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 


High-FL5-Proposal-20: Study further definition and feasibility of potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate
· companies to report assumption of signal used for measurements
· study need and feasibility of identification of measured cell-specific signal 

Low-FL3-Proposal-12: 
For multiplexing among LP-WUSes targeted to different UEs or UE groups/subgroups of UEs, TDM and FDM are assumed as baseline, study further whether to recommend also FDM and or CDM multiplexing.

Low-FL1-Proposal-13: Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· perform PO monitoring, and afterwards follow legacy procedures
· perform PEI monitoring, and afterwards follow legacy procedures
· transmit PRACH for initial access, and follow legacy procedures
· receive SI update after waking up, and follow legacy procedures

Low-FL3-Proposal-14: For IDLE/Inactive mode, study further the following LP-WUS monitoring activation and deactivation procedures
· Option 1: LP-WUS monitoring is activated/deactivated by gNB
· e.g. SIB or Dedicated RRC
· [FFS]Option 2: LP-WUS monitoring is activated/deactivated by UE.
· based on criteria or/and
· autonomously
· FFS need for informing gNB

Low-FL3-Proposal-15-a: LP-WUS waveform for RRC Connected mode may reuse LP-WUS waveform for RRC Idle/Inactive. 
Low-FL3-Proposal-15-b: For LP-WUS in RRC Connected mode, study further 
· whether and how to perform RLM/BFD/CSI measurements based on LP-WUR
· related procedures for LP-WUS monitoring

LP WUR signals and procedures
Waveforms
Discussion on waveform has been part of almost every contribution, this is high priority topic. 

	Agreement
· Study generation and link performance of multi-carrier (MC)-ASK (including OOK) waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS. 
· Note that above does not preclude DFT-S-OFDMA 
· Study generation and link performance of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS.
· Study link performance of OFDMA-based signals/channels considering at least the existing signal/channel structure (e.g. CSI-RS, SSS)
· Other signal/channel structures are not precluded
· For next meeting, companies to provide input on aspects to consider that might impact link performance




 Direct modulation of REs of CP-OFDMA symbol / 1-bit OOK
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Figure 1 Illustration of single bit OOK [0102]
This waveform has been shown to have the best link performance among OOK waveforms. It has been shown to have spectrum similar to regular CP-OFDMA, when QPSK/QAM symbols or ZC sequences are modulated to the sub-carries of LP-WUS. Modulation of “all ones” was shown to have negative impact to power spectrum [1560, 0700].

Basic MC-OOK includes also the case where LP-WUS SCS is higher than that of surrounding BWP. However, concerns were raised by network vendor companies on impact of mixed SCS and/or too high SCS to existing deployed hardware. 

High-FL1-Proposal-1: For MC-ASK waveform generation, study the case where SCS of LP-WUS is higher than SCS of initial UL BWP broadcasted by the carrier. 
FFS supported SCSs
FFS impact on gNB implementation and requirements

	Company
	Agree Y/N
	Comments

	Intel 
	Partially Y 
	We support the study of Direct modulation of REs of CP-OFDMA symbol, and open for supported SCSs with consideration of implementation complexity. In our understanding, in existing system, gNB may support different SCSs simultaneously.
  
Regarding the wording, it should be DL BWP rather than UL BWP? 

	Futurewei
	Y
	We are OK with the proposal. This is one of the approaches that can support higher data rates for MC-OOK receivers and network’s support and implementation requirements should be discussed.

	Sharp
	Y
	FFS for CP size if higher SCS is configured

	Huawei, HiSilicon
	N
	First, we’d like to ask why in the main bullet it is ‘UL BWP’. Since LP-WUS is a DL signal, it should be compared with ‘DL BWP’, right?
Second, using larger SCS may introduce interference between LP-WUS and legacy NR signals. In addition, it may lead to additional requirement to some legacy gNB hardware implementation, which will restrict the use of LP-WUS.
Third, per our understanding the purpose of using higher SCS is to achieve higher data rate. For MC-OOK, there are other ways to achieve higher data rate, e.g. M-pulse/M-segment OOK in an OFDM symbol, or parallel OOK in frequency domain.

So in our view, the study of higher SCS should be deprioritized.

	Spreadtrum
	Y
	It can be study. Our concern is: there could be complexity increase at gNB transmitter, since much larger SCS will be mixed with current SCS.

	ZTE, Sanechips
	
	In general, we are OK with study larger SCSs for LP-WUS compared with legacy NR SCS. But we are wondering why taking SCS of initial UL BWP as reference.

	OPPO
	
	We also would like to clarify why it is related to initial UL BWP SCS.
Also it should be generally clarified in the proposal that the signal should be 1-bit per OFDM symbol in the proposal, not in the summary title.  

	NEC
	N
	We do not see the necessity to support higher SCS than initial BWP. If shorter ASK symbol is needed, M-bit ASK per CP-OFDM symbol with same SCS of initial BWP can be used. 

	Xiaomi 
	N
	Currently, we do not see reasons why to exclude SCS the same as initial BWP. And one more question ,why UL initial BWP rather than DL bwp is compared？

	Sony
	Y
	Low cost LP-WUR tuners will likely exhibit high phase noise. Wide SCS is more resilient to phase noise and therefore advantageous for LP-WUS. 

Shouldn’t the proposal refer to “DL BWP” rather than “UL BWP”?

	Panasonic
	Y
	The initial UL BWP should be initial DL BWP?

	FL2
	
	Based on offline discussion, and with typos fixed

High-FL2-Proposal-1:
For MC-ASK waveform generation, study the SCS options for LP-WUS within the carrier, study
· FDM/TDM multiplexing with legacy signals
· link performance 
· impact to legacy UEs
· whether SCS of LP-WUS is same or can be different to SCS of MR BWPs



	QC
	
	We share the same concerns with other companies about the gNB complexity and coexistence/interferences with other NR non-WUS signals about using higher SCS for LP-WUS. However, we will not block the study of this scheme if this is the majority view.    

	Futurewei
	Y
	From a study point of view, it is fair to consider different SCS for CP-OFDM to match the data rates that will be considered in the study of DFT-s-OFDM or LS schemes. Study of co-existence can follow later.

	LGE
	Y
	Fine with the updated proposal by FL
Before discussing about high SCS for LP-WUS, we should determine whether more than 1 bit per OFDM symbol should be supported or not. Using high SCS can be one of the possible schemes to achieve that.

	FL3,FL4
	
	I clarified that the same SCS as SCS of data does not need to be studied
Some companies say that agreed OOK-4 can already be used. On the other side, it would be fair for companies supporting higher SCS to show that performance could be better for higher SCS.

High-FL3-Proposal-1:
· For MC-ASK waveform generation, SCS of OFDM symbol used for LP-WUS generation can be the same compared to SCS used for legacy UEs, study whether SCS can be different, also study
· FDM/TDM multiplexing with legacy NR signals
· link performance 
· impact to legacy UEs
· impact on gNB 

	EURECOM
	Y
	We also think that OOK-4 can be used to generate shorter OOK symbols at the expense of an increased number of SCs/BW. However, it may be useful to understand the pros and cons for both schemes. 

	FL5
	
	After Wednesday offline-offline, + I added “or MC-FSK”

High-FL5-Proposal-1:
· For MC-ASK or MC-FSK waveform generation, SCS of OFDM symbol used for LP-WUS generation can be the same compared to SCS used for legacy UEs, study whether SCS can be different, also study
· FDM/TDM multiplexing with legacy NR signals
· link performance 
· impact to legacy UEs
· impact on gNB 

	Intel 
	Y
	

	Futurewei
	Y
	We are OK with the proposal.



 M-bit OOK per CP-OFDM symbol
Spectral efficiency can be improved, and rate increased by using a transform precoding. However, there are small differences among companies how such transform is performed.

The transform precoding can be a DFT/FFT or Least square approximation. Given that DFT/FFT is used in legacy New Radio, moderator suggests to further consider only DFT-S-OFDMA/FFT. There seems not be any performance difference reported between DFT and Least square approximation, see [1440].

High-FL1-Proposal-2: For time-domain M-bit MC-ASK generation, consider further only DFT/FFT transformations.

	Company
	Agree Y/N
	Comments

	Intel 
	Y
	We’d like to clarify, it seems proposal-2 is to support DFT based scheme and drop LS approximation, while proposal-3 includes LS approximation scheme (OOK-2), which conflicts with proposal-2. Could FL clarify the relation between proposal-2 and 3?

Regarding whether only consider one of DFT or LS based scheme, in our view, the more essential question should be whether the sequence of samples of an OOK/FSK symbol is known to the LP-WUR or not. If ‘known sequence’ is assumed for LP-WUS design, we need to specify one LP-WUS generation scheme, e.g., down select between DFT or FFT transformations or other solution. Otherwise, if ‘known sequence’ is not assumed, we think it can be up to implementation to pick one of DFT or LS approximation scheme, if no material performance difference for these schemes. 

	Futurewei
	Y
	We are OK with the proposal.

	Sharp
	Y
	Ok, DFT/IFFT are more compatible with legacy devices.

	Huawei, HiSilicon
	N
	It is gNB implementation on how to achieve M-pulse/M-segment OOK. No need to restrict gNB flexibility. 

	Spreadtrum
	Y
	It seem friendly for gNB implementation.

	ZTE, Sanechips
	
	The clarification for DFT/FFT transformations should be captured in the proposal. For example, a diagram for whole signal generation and the specific transform precoding DFT/FFT. Moreover, it is too early to include DFT/FFT only. 

	OPPO
	Y
	We are generally fine with the proposal. 

	NEC
	Y
	We support to consider only DFT-s-OFDM based generation.

	Sony
	Y
	

	Panasonic
	Y
	

	FL2
	
	There seems to be a good support for not considering Least-square approximation in the study anymore.

High-FL1-Proposal-2: For time-domain M-bit MC-ASK generation, consider further only DFT/FFT transformations.


	QC
	Y
	

	Futurewei
	Y
	We are OK with proposal, but would like to confirm that it is a common understanding that “time-domain” refers to sequential M-bit generation in a single OFDM symbol as opposed to parallel MC-OOK addressed in later proposal. Further, we are not sure if it should still be called MC-ASK after using a DFT transformation.

	LGE
	
	Fine with further studying DFT-s-OFDM, but we don’t think “only” is required at this time of study phase. It seems be too early to block a specific generation method. 

	FL2
	
	At least Huawei and Ericsson indicated wish to keep LS approximation on the table, perhaps these companies could state what would be LS approx. benefit over DFT.  

High-FL1-Proposal-2: For time-domain M-bit MC-ASK generation, consider further only DFT/FFT transformations.


	EURECOM
	Y
	We support the proposal.

	Futurewei
	Y
	We are OK with the proposal, but suggest to change MC-ASK to just ASK since the ASK pulses are generated in the time domain so there is no multi-carrier anymore.



When assuming M-bit OOK signal is desired, size of BWP/carrier FFT is K, and LP-WUS number of sub-carriers is N, two options were contributed. 
· Wide FFT 
· Step 1: oversampling of desired M-bit OOK signal to K samples
· Step 2: K-point FFT
· Step 3: truncation and mapping to N Res of LP-WUS
· Step 4: iFFT to generate CP-OFDM symbol 
· Narrow DFT
· Step 1: oversampling of desired M-bit OOK signal to N samples
· Step 2: N-point DFT 
· Step 3: mapping to N Res of LP-WUS
· Step 4: iFFT to generate CP-OFDM symbol 

It is not clear to moderator at this point whether there is a significant difference between these two options, therefore, it is suggested to further study pros and cons.

Furthermore, several companies mentioned that it is possible to FDM multiple frequency chunks in frequency domain, this to increase bit rate on behalf of complexity of receiver. Trade-off seems clear. 

Furthermore, there has been single company proposals to employ “Pulse shaping filter at the transmitter [0666]”.


High-FL1-Proposal-3: For MC-ASK waveform generation, where size of BWP/carrier FFT is K, and LP-WUS number of sub-carriers is N, study further pros and cons of the following options 
· Option OOK-1: Direct modulation of N Res of LP-WUS by 
· Step1: Mapping e.g. QAM symbols, ZC sequences to N Res of LP-WUS
· Step2: iFFT to generate CP-OFDM symbol 
· Option OOK-2: Wide FFT 
· Step1: oversampling of desired M-bit OOK signal to K samples
· Step2: K-point FFT
· Step3: truncation and mapping to N Res of LP-WUS
· Step4: iFFT to generate CP-OFDM symbol 
· Option OOK-3: Narrow DFT
· Step1: oversampling of desired M-bit OOK signal to N samples
· Step2: N-point DFT 
· Step3: mapping to N Res of LP-WUS
· Step4: iFFT to generate CP-OFDM symbol 
· FFS: use of pulse shaping filter at the transmitter 

	Company
	Agree Y/N
	Comment

	 Intel 
	
	As we commented for proposal-2, proposal-2 suggests to down-select between DFT and LS based scheme, while proposal-3 supports both DFT (OOK-3) and LS based scheme (OOK-2). It is bit confusing. 
 
For OOK-2 and OOK-3, we’d like to clarify, whether M=1 is included. And whether only same SCS as NR or both same SCS and larger SCS than NR can be considered for OOK-2/OOK-3, e.g., if M=1. 

	Futurewei
	Partial Y
	Our understanding is that Option OOK-2 and Option OOK-3 should result in the same signal after Step4, for N & K as multiples of M, given the interpolation operation is done by the iFFT module. Therefore, we suggest the following edits.

High-FL1-Proposal-3: For MC-ASK waveform generation, where size of BWP/carrier FFT is K, and LP-WUS number of sub-carriers is N, study further pros and cons of the following options 
· Option OOK-1: Direct modulation of N Res of LP-WUS by 
· Step1: Mapping e.g. QAM symbols, ZC sequences to N Res of LP-WUS
· Step2: iFFT to generate CP-OFDM symbol 
· Option OOK-2: Wide FFT 
· Step1: oversampling of desired M-bit OOK signal to K samples
· Step2: K-point FFT
· Step3: truncation and mapping to N Res of LP-WUS
· Step4: iFFT to generate CP-OFDM symbol 
· Option OOK-23: Narrow DFT
· Step1: oversampling of desired M-bit OOK signal to N samples
· Step2: N-point DFT 
· Step3: mapping to N Res of LP-WUS
· Step4: iFFT to generate CP-OFDM symbol 
· Option OOK-3: Pulse Shaping
· Step1: oversampling of desired M-bit OOK signal to N samples
· Step2: apply pulse shaping filter and remove additional samples
· Step3: N-point DFT 
· Step4: mapping to N Res of LP-WUS
· Step5: iFFT to generate CP-OFDM symbol 
FFS: use of pulse shaping filter characteristics at the transmitter

	Sharp
	
	Option OOK-1 is not clear how to map the N RE into BWP, I guess it is the similar as that in wifi, using ON/OFF mode for the WUS info 1/0.

	Huawei, HiSilicon
	Y
	OK to further study the potential waveform generation methods of OOK. 

Regarding Futurewei’s comments, OOK-2 results in different waveform from OOK-3, an example waveform can be found in our paper. Also the newly added OOK-3 from Futurewei is to use shaping filter in time domain while the original OOK-2 uses filter (i.e. the truncation) in frequency domain. So we’d like to keep the original OOK-2. 

	Spreadtrum
	Y
	All options can be studied

	ZTE, Sanechips
	
	High-FL1-Proposal-2 is conflicting with this proposal.
Difference between Option OOK-2 and Option OOK-3 should be clarified especially when K=N.

For Option OOK-1, in Step 1, other type of sequences mapping to N REs should not be precluded. Therefore, “e.g. QAM symbols, ZC sequences to N REs of LP-WUS” can be changed as “e.g. QAM symbols, ZC sequences to N REs of LP-WUS”

	OPPO
	Y
	Although we are not proposing OOK-1. We wondering the description of it does not mention hot to carry M-bits per OFDM symbol. Since we agreed M-bits.This should be included.
All the options, we are open to study.
BTW, I think all the options should add with compatible CP in the end.
 

	NEC
	Y
	We agree to further study the three options, and we prefer option OOK-3 because it is well aligned with the existing DFT-s-OFDM waveform framework.

	Xiaomi
	Y
	Generally fine with the proposal.

	Panasonic
	Y
	We are open to discuss the options.

	FL2
	
	This proposal has been massaged in online-offline

High-FL2-Proposal-3: For MC-ASK waveform generation, 
· Option OOK-1: Single-bit, N [contiguous SCs] of LP-WUS are 
· OOK=1 means all SCs are non-zero power
· OOK=0 means all SCs are to zero power (from base-band point of view)
· possibly with GBs around  
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· Option OOK-2: Parallel M-bit OOK in frequency domain
· N Res of LP-WUS is separated into M segments possibly with GB(s) in-between 
· OOK=1 means all SCs in segment are non-zero power
· OOK=0 means all SCs in segment are to zero power (from base-band point of view)
· FFS architecture.
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· Option OOK-3: Multi-tone single-bit OOK
· N Res of LP-WUS is separated into L segments (L=2 on Figure) without GBs in-between segments 
· 1 sub-carrier (known by UE) of each segment is non-zero power, rest of is zero, or all are zero
· FFS architecture
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· Option OOK-4: Transform M-bit in time domain 
· signal modification block may or may NOT be used
· truncation block may or may NOT be used
· N can be the same as N’
· N’ can be the same as K
[image: ]
· FFS non-zero power , e.g. QAM symbols, sequences or other signals ….
Other options not precluded


	QC
	Y
	First, we suggest to clarify the quantities N, K, N’ in the proposal (across options), to make sure everyone is on the same page. 

Secondly, for Option 2 and Option 3, we are not sure why these are two separate options? In our view these two options are very much the same approach, with only some minor differences in the PSD. As such, suggest to merge Option 2 and Option 3. 

	Xiaomi
	Y
	For option OOK-3, 
1,from our understanding, L bits are transmitted simultaneously, so we think its title should be “multitone M-bits OOK” rather than “Multi-tone single-bit OOK”.
2, since the first sub bullet say “without GBs in-between segments”, does it imply that there should be some restriction on the location of the non-zero SC of two adjacent segment? From our understanding, the location of the non-zero SC of two adjacent segment should be separated as far as possible so that UE can distinguish the them.

	Futurewei
	Partial Y
	We are in general OK with the proposal but suggest the following edits. We also suggest, if possible, to combine Option OOK-3 with Option OOK-1 since both are intended to generate single bit per OFDM symbol.


High-FL2-Proposal-3: For MC-ASK waveform generation, 
· Option OOK-1: Single-bit, N [contiguous SCs] of LP-WUS are 
· Modulated to generate OOK=1 means all SCs are non-zero power/level at LP-WUR base-band for OOK=1
· Modulated to generate OOK=0 means all SCs are to zero power/level (from at LP-WUR base-band for OOK=0 point of view)
· possibly with GBs around  
· FFS: modulating signals for the N SCs, e.g., QAM symbols, sequences or other signals 
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· Option OOK-2: Parallel M-bit OOK in frequency domain
· N Res SCs of LP-WUS is separated into M segments possibly with GB(s) in-between 
· SCs of each segment are modulated to generate OOK=1 means all SCs in segment are non-zero power/level at LP-WUR base-band for OOK=1
· SCs of each segment are modulated to generate OOK=0 means all SCs in segment are to zero power/level at LP-WUR (from base-band for OOK=1 point of view)
· FFS architecture.
· Other options are not precluded

        [image: ]

· Option OOK-3: Multi-tone single-bit OOK
· N Res of LP-WUS is separated into L segments (L=2 on Figure) without GBs in-between segments 
· 1 sub-carrier (known by UE) of each segment is non-zero power, rest of is zero, or all are zero
· FFS architecture
        [image: ]
· Option OOK-4: Transform M-bit in time domain 
· signal modification block may or may NOT be used
· truncation block may or may NOT be used for N’=K
· N’ can be the same as N’
· N’ can be the same as K
· FFS: details of signal modification
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· FFS non-zero power , e.g. QAM symbols, sequences or other signals ….
· Other options not precluded


	LGE
	Y
	It seems be a good starting point to discuss on the waveform generation.

To avoid potential misunderstandings, we also hope to specify what N, K, N’ indicates to, respectively. In addition, how much bits can be transmitted for each Option needs to be clarified.

	FL2
	
	Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 
· Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
· OOK=1 means all SCs are modulated
· OOK=0 means all SCs are zero power (from base-band point of view)
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· Option OOK-2: Parallel M-bit OOK in frequency domain, 
· N SCs of LP-WUS is further separated into M segments (M=2 in Figure) possibly with guard-bands in-between and/or around 
· OOK=1 means all SCs in segment are modulated
· OOK=0 means all SCs in segment are zero power (from base-band point of view)
· FFS architecture.
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· Option OOK-3: Multi-tone single-bit OOK
· N SCs of LP-WUS is separated into L segments (L=2 on Figure) without guard-bands in-between segment, but possibly around
· OOK=1 means 1 sub-carrier (known by UE) of each segment is modulated, rest of SC is zero power (from base-band point of view)
· OOK=0 means all SCs in all segments are zero power (from base-band point of view)
· FFS architecture
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· Option OOK-4: Transform M-bit OOK in time domain 
· N SCs of OOK-1 are generated by a transformation (DFT/Least square)
· N’ samples are generated from M-bits 
· signal modification may or may NOT be used
· truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
· N’ can be the same as K
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· FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
· Companies to report their assumptions
· potential guard-band SCs are zero power (from base-band point of view)
· Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)
· For Karol: remove e.g shaping


For the update of Figure, I also added [modification] to truncation block

[image: ]
Please complain if you disagree with Figure

	
	
	


 


Finally, there are several observations, which we could already agree, if there is consensus 
· Statement 1: Compared to OOK-1, OOK-2/3 is more sensitive to ACI and timing precision, due to shortening of symbol.
· Statement 2: Compared to OOK-1, OOK-2/3 offers more spectral efficiency.
· Statement 3: Link performance of OOK-2/3 deteriorates with increased M, the max M could be limited to M=[8].
· Statement 4: For all OOK options, unequal CP length between OFDM symbols increases complexity at the receiver
· Statement 5: With OOK-2/3, CP is only in front of first OOK symbol among OOK symbols within one OFDM symbol. Study further impact of CP to LP-WUS detection and study potential enhancement to generation of CP at the transmitter.
· Statement 6: OOK-2/3 creates fluctuations in time domain power level, and may increase complexity of transmitter and/or impact RAN4 requirements
· Statement X: ….please suggest 


Low-FL1-Questions-1: Please provide input on whether you agree with above statements or not, whether any of statements should be captured in TR, and feel free to propose additional statements and wording. 

	Company
	Agree Y/N
	Comments

	Intel 
	
	For both S1 and S2, it depends on same SCS and BW for OOK-1 and OOC 2/3, or not.
OK with S3, S4, S5. 
For S6, we are not sure whether we are talking about the fluctuations of power is in frequency domain or time domain? For frequency domain, it depends on whether all ones or other sequence, e.g., ZC is used for time samples of OOK ON symbol. 

	Futurewei
	Partial Y
	We think that statements 1-2 in this proposal apply only when the same SCS is assumed the same for all options, i.e., in contrast to High-FL1-Proposal-1. For statement 4, we think that there might be more complexity associated with OOK-2/3 than OOK-1 due to the ratio between CP length and OOK pulse duration. 

· Statement 1: Compared to OOK-1, OOK-2/3 at the same SCS is more sensitive to ACI and timing precision, due to shortening of symbol.
· Statement 2: Compared to OOK-1, OOK-2/3 at the same SCS offers more spectral efficiency.
· Statement 3: Link performance of OOK-2/3 deteriorates with increased M, the max M could be limited to M=[8].
· Statement 4: For all OOK options, unequal CP length between OFDM symbols may deteriorate the performance or increases complexity at of the receiver. Performance deterioration may be proportional to the ratio between CP length and OOK pulse length.
· Statement 5: With OOK-2/3, CP is only in front of first OOK symbol among OOK symbols within one OFDM symbol. Study further impact of CP to LP-WUS detection and study potential enhancement to generation of CP at the transmitter.
· Statement 6: OOK-2/3 creates fluctuations in time domain power level, and may increase complexity of transmitter and/or impact RAN4 requirements


	Huawei, HiSilicon
	
	Regarding the 1st question “whether you agree with above statements or not”, our reply is as below:
We have similar observations as the above statement 1~5, before considering any enhancements to the waveform or signal design in general.

Though we have similar observations, regarding the 2nd question “whether any of statements should be captured in TR”, we think it may be too early to capture such kind of statements at this stage, since there may be some other methods found in the future to improve the performance of OOK.

For the same reason, if the observations are considered for capture in the chair notes, there needs to be the statement:

“Before considering any enhancements…”

For statement 1, in addition to ACI and timing precision, OOK may also be sensitive to ISI caused by delay spread, especially when the OOK symbol duration is short. So we suggest the change:
· Statement 1: Compared to OOK-1, OOK-2/3 is more sensitive to ACI, ISI caused by delay spread and timing precision, due to shortening of symbol.


For statement 6, although OOK-2/3 introduce ON-OFF switches in time domain, it is noted that the signal of LP-WUS is usually transmitted together with other legacy NR signal/channel(s) and the BW of LP-WUS is typically narrow. In this case the fluctuation in time domain due to LP-WUS may not be so significant. But anyway, we are fine to further study the impact.

Addition observation from our side are:
· Statement 7: Compared to OOK-1, OOK-2/3 is more sensitive to ADC sampling rate, due to shortening of symbol



	NEC
	
	For statement 1, when M=1, option 2/3 has similar performance as option 1 in the time/frequency synchronization error scenario.

	FL2
	
	Collect more companies views

	QC
	
	We are OK with statement 2 (and OK with Futurewei’s edits). For the rest of the statements, we prefer to have further studies before capturing them in the TR. 

	FL3
	
	
Statements were updated, but it seems premature to draw conclusions yet, statements can server as guidance on what to focus in link simulations.

Before considering any further enhancements
· Statement 1: Compared to OOK-1, OOK-4 (M>1) at the same SCS is more sensitive to ACI, ISI caused by delay spread and timing precision, due to shortening of symbol.
· Statement 2: Compared to OOK-1, OOK-4 (M>1)  at the same SCS offers more spectral efficiency.
· Statement 3: Link performance of OOK-4 (M>1) deteriorates with increased M, the max M could be limited to M=[8].
· Statement 4: For all OOK options, unequal CP length between OFDM symbols may deteriorate the performance or increases complexity at of the receiver. Performance deterioration may be proportional to the ratio between CP length and OOK pulse length.
· Statement 5: With OOK-4 (M>1), CP is only in front of first OOK symbol among OOK symbols within one OFDM symbol. Study further impact of CP to LP-WUS detection and study potential enhancement to generation of CP at the transmitter.
· Statement 6: OOK-4 (M>1) creates fluctuations in time domain power level, and may increase complexity of transmitter and/or impact RAN4 requirements.
· Statement 7: Compared to OOK-1, OOK-4 (M>1) is more sensitive to ADC sampling rate, due to shortening of symbol




	Xiaomi
	
	We have problem for statement 1 and statement 5,
· Statement 1: Compared to OOK-1, OOK-2/3 is more sensitive to ACI and timing precision, due to shortening of symbol.
· Statement 5: With OOK-2/3, CP is only in front of first OOK symbol among OOK symbols within one OFDM symbol. Study further impact of CP to LP-WUS detection and study potential enhancement to generation of CP at the transmitter.
For Statement1, from our understanding, if OOK-2/3 has the same SCS as OOK-1, the symbol duration should be the same, it does not necessarily shorten the symbol.
For Statement5, we are not clear why CP is only in front of first OOK symbol among OOK symbols within one OFDM symbol. Because if it is OFDM signal generator, each OFDM signal should have CP to protect it from dealy spread and frequency error. Maybe FL can shed some light on it.Thanks.

	EURECOM
	
	Our simulations support most of the statements. However, we should leave some more time before drawing definite conclusions that should be captured in the TR. 


 Single-bit and M-bits FSK per CP-OFDM symbol
Contributions proposed the following waveforms for FSK 
· Option FSK-1: Candidate frequency comprises single sub-carrier [0102]
· Option FSK-2: Candidate frequency comprises multiple contiguous sub-carriers [0102]
· Option FSK-3: Candidate frequency comprises multiple non-contiguous sub-carriers [1373]


[image: Chart

Description automatically generated with medium confidence]
Figure 2 Option FSK-1 contributed in [0102]
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Figure 4 Option FSK-2 contributed in [0102]
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Figure 56 Option FSK-3 contributed in [1373]

FSK-1 is less robust to fading compared to FSK-2 and FSK-3. For performance of FSK-3, frequency offset of 4kHz has been assumed in [1373], which may be a bit optimistic for low power oscillators. FSK options may be based on OOK-Option1 or OOK-option3, as pointed out by [0700].


High-FL1-Proposal-4: For M-bit MC-FSK generation study further the following options
· Option FSK-1: Candidate frequency comprises multiple contiguous sub-carriers 
· Option FSK-2: Candidate frequency comprises single sub-carrier 
· Option FSK-3: Candidate frequency comprises multiple non-contiguous sub-carriers
· Note: FSK options can be based on Option OOK-1 or also on Option OOK-3 

	Company
	Agree Y/N
	Comments

	Intel 
	Partial Y
	The naming FSK-1 and FSK-2 are not aligned with the discussion part above the proposal. 
In our view, “Option FSK-1: Candidate frequency comprises multiple contiguous sub-carriers” would be the starting point. 

	Futurewei
	Partial Y
	We would like to further clarify the difference between Option FSK-1 and Option FSK-3. Our current understanding is that for 1-bit FSK both options might be the same and that the difference is only when M-bit, M>1, FSK is considered. Based on current understanding, we suggest the following edits

High-FL1-Proposal-4: For M-bit MC-FSK generation study further the following options
· Option FSK-1: Candidate frequency comprises multiple M pairs of contiguous sub-carriers 
· Option FSK-2: Candidate frequency comprises single M pairs of non-contiguous sub-carriers 
· Option FSK-3: Candidate frequency comprises multiple 2^M non-contiguous sub-carriers
· Note: FSK options can be based on Option OOK-1 or also on Option OOK-3 



	Huawei, HiSilicon
	Partial Y
	We support to further study the MC-FSK generation. 
But we are not sure whether FSK-3 is a kind of FSK since it is called multi-tone modulation in R1-2301373, So we’d like to see more clarification on FSK-3 first.
 

	ZTE, Sanechips
	
	Option FSK-3 can be further clarified how the multiple non-contiguous sub-carriers are defined.


	OPPO
	
	We think the proposal should be on frequency domain. We also need to clarify the FSK offset.
We understand other time domain parameter are from OOK options:  “•	Note: FSK options can be based on Option OOK-1 or also on Option OOK-3” W

	Xiaomi
	Partial Y
	Generally fine with the proposal, but for the note, we are not sure what it means exactly. Is it a FSK scheme based on both Option FSK-1 and FSK-3?

	Sony
	
	Can we please be consistent about the definition of the options “FSK-1” and “FSK-2”? The definition in the bullet point list immediately following the section heading is different to the definition in the proposal. The figures in this section also do not align with the proposal.

	Panasonic
	
	We are okay with the option bullets but not clear on the note. It is good to clarify.

	FL2
	
	FSK-3 was incorporated as OOK-3. Clarified NOTE

High-FL1-Proposal-4: For M-bit MC-FSK generation study further the following options
· Option FSK-1: Candidate frequency segment comprises multiple contiguous sub-carriers, there are 2*M frequency segments of SCs from which one contains non-zero power LP-WUS signal, other segment of SCs is zero power (from base-band point of view)
· 
  [image: ]
· Option FSK-2: Candidate frequency comprises single sub-carrier, there are 2*M sub-carriers from which one is non-zero power and the other is zero (from base-band point of view)
·  [image: Chart
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· NOTE: In time domain, FSK option can be based on Option OOK-1, i.e. single bit per OFDM symbol, or also on Option OOK-3, where single OFDM symbols contains multiple OOK symbols. 




	QC
	Y
	

	Futurewei
	Partial Y
	We are not sure that the updated proposal describes the schemes clearly, we suggest the following edits

High-FL1-Proposal-4: For M-bit MC-FSK generation study further the following options
· Option FSK-1: Candidate frequency segment comprises multiple contiguous sub-carriers, there are 2*M pairs of frequency segments, each segment comprising multiple contiguous of SCs, where SCs of only from which one segment from each pair are modulated to generate contains non-zero power/level at LP-WUR base-band LP-WUS signal, other segment of SCs is zero power (from base-band point of view)
· 
  [image: ]
· Option FSK-2: Candidate frequency comprises single sub-carrier, there are 2*M pairs of sub-carriers from each pair which only one is non-zero power and the other is zero (from base-band point of view)
·  [image: Chart

Description automatically generated with medium confidence]

· NOTE: In time domain, FSK option can be based on Option OOK-1, i.e. single bit per OFDM symbol, or also on Option OOK-3, where single OFDM symbols contains multiple OOK symbols.
· Other options are not precluded


	LGE
	Y
	OK to further study the two Options in the proposal.
For the clarification, does the proposal block any other potential FSK generation method? Similar to High-FL1-Proposal-3, “Other options not precluded” can be added at the end of the proposal

	FL3, FL4
	
	
Based on offline-offline, it was identified that in fact there are two FSK alternatives on the table. Furthermore, multi-carrier and single carrier versions are merged together.

High-FL3-Proposal-4: For M-bit MC-FSK generation study further the following options
· Option FSK-1: N SCs of LP-WUS are separated to M pairs of segments with potential guard-bands in-between and around. 
· frequency segment comprises one sub-carrier or multiple contiguous SCs
· in a pair of segments one segment is modulated, other segment is zero power (from base-band point of view)
· Option FSK-2: N SCs of LP-WUS are separated to 2^M segments with potential guard-bands in-between and around.
· frequency segment comprises one sub-carrier or multiple contiguous SCs
· one segment from 2^M segments is modulated, other segments of SCs are zero power (from base-band point of view)
· Option FSK-3: N SCs of LP-WUS are separated to M+2 segments with potential guard-bands in-between and around.
· frequency segment comprises one sub-carrier or multiple contiguous SCs
· each of M segments carries 1 bit, i.e. OOK, and additional 2 segments server as reference, one is modulated the other is zero power (from base-band point of view).  
· M >0
· N >1
· Study how to generate segment in time domain, e.g. OOK-1 or OOK-4 
· Other options are not precluded.


	Xiaomi
	
	From our understanding, Option FSK-3 is actually parallel Mbit ASK. The only difference is 2 segment for reference. Maybe we can add it to OOK-2, to say that segment for reference is possibly needed.

	FL5
	
	After Wed offline-offline
@Xiaomi: 2 Segments can be applied to any OOK scheme using segments

High-FL5-Proposal-4: For M-bit MC-FSK generation study further the following options
· Option FSK-1: N SCs of LP-WUS are separated to M pairs of segments with potential guard-bands in-between and around. 
· frequency segment comprises one sub-carrier or multiple contiguous SCs
· in a pair of segments one segment is modulated, other segment is zero power (from base-band point of view)
· Option FSK-2: N SCs of LP-WUS are separated to 2^M segments with potential guard-bands in-between and around.
· frequency segment comprises one sub-carrier or multiple contiguous SCs
· one segment from 2^M segments is modulated, other segments of SCs are zero power (from base-band point of view)
· Option FSK-3: N SCs of LP-WUS are separated to M+2 segments with potential guard-bands in-between and around.
· frequency segment comprises one sub-carrier or multiple contiguous SCs
· each of M segments carries 1 bit, i.e. OOK, and additional 2 segments serves as reference, one is modulated the other is zero power (from base-band point of view).  
· M >0
· N >1
· Study how to generate segment in time domain, e.g. OOK-1 or OOK-4 
· Other options are not precluded.

In addition, FSK-3 can be captured capture by updateding previous OOK agreement

Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 

…..
· FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
· Companies to report their assumptions
· potential guard-band SCs are zero power (from base-band point of view)
· optionally, 2 additional segments, one always modulated and one always zero power (from base-band point of view) can be transmitted to aid receiver
· Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)
· For Karol: remove e.g shaping


	Intel 
	
	We are fine with High-FL5-Proposal-4.

For the update of OOK agreement, we’d like to check our understanding the condition to apply the newly added sub-bullet. Is it only for OOK-2, or it is also for other OOK options? If it is only for OOK-2, it is better to capture it under OOK-2. And we’re wondering whether the 2 additional segments can provide accurate reference to aid receiver, considering frequency selective fading. 

	Futurewei
	Y
	We are OK with Proposal-4 and the OOK agreement update. 

In response to Intel’s comment, there were views from companies that the assisting signals can be useful for any of the OOK options. As for the impact of frequency selective fading, it can be captured as part of the study.



 Legacy CP-OFDMA signals
This topic seems to be controversial. On one side, moderator can see the camp of companies saying that power consumption is too high for architectures requiring I/Q receive chains. Other camp says that co-existence, overhead advantages of using existing or even already transmitted CP-OFDMA signals would be enormous. [0102] shows an I/Q architecture, based on low power 120uW oscillator, assuming I/Q imbalance and phase noise and showing a omparable detection performance to that of FSK/OOK. Moderator opinion is that architecture and its modelling could be clarified in agenda 9.13.2 first.



 Comparison of ASK and FSK, CP-OFDM signal
There has been already good amount of discussion in contributions on pros and cons of OOK vs FSK, just to sample some observations form [0102, 0700, 0363]

· ASK not coping well with delay spread, and is sensitive to timing error, there is clear benefit from having higher ADC sampling rate, for FSK sampling rate can be relaxed.
· FSK can be used for auto frequency/time correction
· ASK should be coupled with Manchester coding, as it improves estimation of detection threshold, 
· FSK detection performance benefits from having 0 and 1 energy level present in the same symbol, aids time synchronisation and improves robustness to ACI
· FSK has more advantage than OOK for longer bits block. Therefore, the proper length of the information bits per block and whether channel encoding is needed may need different considerations for FSK and OOK. 

To be able to proceed with comparison between waveforms, we need to identify simulation assumptions first in 9.13.1. In addition, when waveforms are compared, e.g. bitrate, BW, should be the same for compared waveforms.
  
High-FL1-Proposal-5: When comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms, at least bitrate, BW is kept constant between waveforms.
· FFS other assumptions

	Company
	Agree Y/N
	Comments

	Intel 
	Y
	We share similar view with FL that architecture and modeling should be clarified in agenda 9.13.2 first for existing CP-OFDMA signals, to see the complexity and power consumption. 
Only if the complexity and power consumption can be acceptable, we may start discussion of link performance for existing CP-OFDMA based on agreed modelling from 9.13.2. 

	Futurewei
	Y
	We agree with the proposal and suggest the following edit

High-FL1-Proposal-5: When comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms, at least bitrate, and BW (including any guard bands) is are kept constant between waveforms.
FFS other assumptions


	Sharp
	
	Symbol/guard band size also need to be considered. 

When comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms, at least bitrate, resources are kept constant between waveforms.
· FFS other assumptions
 

	Huawei, HiSilicon
	Y
	We support to further investigate the link performance of different modulations/waveforms. While the bitrate and the BW occupied by LP-WUS are kept the same to make fair comparison, the following aspects should also be evaluated:
· Impact of timing error
· Impact of frequency error
· Impact of phase noise and I/Q imbalance
· Impact of ADC resolution and sampling rate
· Impact of interference

To easily compare different simulation results from different companies, it is better that RAN1 to give some candidate values of each aspect for evaluation purpose.

	Spreadtrum
	Y
	

	ZTE, Sanechips
	
	From our perspective, the BW requirement may be different between the above waveforms, it is not necessary to keep constant BW for the waveforms. Instead, it is preferred to keep the same allocated LP-WUS resources(including Time domain and Frequency domain) and the same Tx power but may be with different bitrate. 
How to ensure LLS fairness with the three waveforms needs further study.


	OPPO
	
	That is in general OK in principle. The BW for FSK, should be the whole occupied BW, not for single modulation.


	Xiaomi
	y
	Support FL’s proposal and also Futurewei’s update.

	Sony
	Y
	The bitrate should be constant between waveforms.

The BW can depend on the signal design.

	Panasonic
	Y
	

	FL2, FL3, FL4,FL5
	
	High-FL3-Proposal-5: At least for Idle/Inactive, when comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms LP-WUS, at least raw bitrate, BW (including any guard bands) is are kept constant between waveforms. Study
· Impact of timing error
· Impact of frequency error
· Impact of phase noise and I/Q imbalance
· Impact of ADC resolution and sampling rate
· Impact of interference


	QC
	Y
	

	LGE
	Y
	

	EURECOM
	Y
	We are fine with the proposal but suggest to use “uncoded” bitrate instead of “raw” bitrate.

	Intel 
	Y
	

	Futurewei
	Y
	We are OK with the proposal, but there is only a typo, “and” is missing between bitrate and BW.


Bandwidth and location
 BW
	Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI



Moderator sees proposals for both up to 5MHz as well as up to 20MHz LP-WUS, there is no clear majority. Some pros and cons extracted from contributions
· Increased BW increases energy per bit and therefore link performance and coverage
· Increased BW improves robustness to frequency selective fading
· Increased BW increases overhead
· Smaller BW is easier to accommodate in deployments and carrier sizes.
· Increased BW, increases filter complexity

Several contributions discussed on whether BW size is fixed, or what are the configuration options. Whether BW is different in Idle/Connected/Inactive modes. Some companies pointed out that RF filters shall be designed per LP-WUS BW size. If there are many BW sizes supported, complexity of implementation increases. This is analogical to NR R15, which has limited set of channel BW and BWP sizes. A possible compromise could be restricting number of sizes to two or three. If multiple BW sizes are supported, different BW could be configured for Idle and Connected mode. 

Whether guard band is included or not, seems to have different preference among companies, but no strong technical arguments, therefore moderator suggests including guard bands as starting point for discussion. 

High-FL1-Proposal-6: To reduce complexity of implementation, number of supported BW sizes should be limited to maximum [2 or 3] BW sizes. 
· from set of agreed BW sizes, different size can be configured for Idle/Inactive and Connected mode.
· guard bands are included in the BW size
· FFS: sizes
· FFS: whether sizes are defined in multiples of PRBs or SCs
· FFS: whether set of BW sizes is defined per SCS or is applicable to all SCS

	Company
	Agree Y/N
	Comments

	Intel 
	
	We think limited number of BW is reasonable. Better to keep single BW size in the study. 
To reduce complexity of implementation, number of supported BW sizes should be limited to maximum [1 or 2 or 3] BW sizes.

Regarding including guard band in BW size or not, we think the more essential question is what the respective number of PRBs/subcarriers for LP-WUS and guard band are. Hopefully, such respective size can be discussed explicitly.  
 
Regarding BW sizes for idle/inactive and connected mode, currently, RAN1 mainly focused on idle/inactivate state. It is unclear what functionality of LP-WUS for connected mode and target performance, thus it is a bit pre-mature to say whether different for same size for idle/inactive and connected mode for now, so, we suggest to put FFS for 1st sub-bullet. 


	Futurewei
	Y
	We agree with the proposal and just suggest to generalize the first bullet as “…, same or different size can be configured …”

	Sharp
	
	It is too early to limit the number of BW size now

	Huawei, HiSilicon
	N
	We do not see the importance to have such restriction now, since the maximum BW size is still under discussion. Discussing whether or not different BW can be configured for IDLE/INACTVE and CONNECTED mode is rather second detail.

We should focus our attention on the performance regarding different BW, rather than putting restriction in spec. Before making design agreements on BW, we should let the evaluations proceed further, so that we have the relevant performance knowledge for this agenda item to use.

	Spreadtrum
	Y
	

	ZTE, Sanechips
	
	It is not clear for us the related factors which have impact on the selection of LP-WUS BW. Thus, it is not recommended to conclude that the BW requirement is different Between RRC-IDLE and RRC-CONNECTED mode. Therefore, the first bullet can be deleted first.

	OPPO
	
	We should require UE to support limited set of BWs. But this does not preclude we will further have 1 BW per frequency band or FR.

	Xiaomi
	Y
	Generally fine with the proposal.

	Sony
	Y
	We prefer sizes in multiples of PRBs

	Panasonic
	
	We think it is a bit premature to discuss this, before we have clear picture of the LP-WUS design.

	TCL
	Y
	Fine with the proposal

	
	
	

	FL2
	
	Changes [2 or 3] to [X], agree this would be more of a WI issue, but we could study potential size candidates.


High-FL2-Proposal-6: To reduce complexity of implementation, number of supported BW-sizes should be limited to maximum [X] BW-sizes. 
· from set of agreed BW sizes, different size can be configured for Idle/Inactive and Connected mode.
· guard bands are included in the BW size
· FFS: sizes
· FFS: whether sizes are defined in multiples of PRBs or SCs
· FFS: whether set of BW sizes is defined per SCS or is applicable to all SCS


	QC
	Y
	

	LGE
	Y
	OK with the updated proposal. The maximum bandwidth can be revisited after discussion on what information is essential in the LP-WUS.

	FL5
	
	9.13.1 will handle BW for simulations, GBs are already part of N SC agreed along with OOK schemes



 Placement
When it comes to placement of LP-WUS, majority of companies assume LP-WUS is deployed within carrier, i.e. in-band. There are some discussions that one placement can be better than other. For example, placement at the edge of carrier may save one guardband. Placement in the middle of carrier may relax requirement for out-of-band selectivity (subject to RAN4 discussion). Many companies prefer location being flexible. Just to summarize options, the following proposal is formed.

High-FL1-Proposal-7: LP-WUS can be configured in-band, i.e. within usable PRBs of a carrier/BWP
· Option 1: placement within carrier/BWP is flexible. 
· Option 2: placement within carrier BWP is restricted to the middle of carrier
· Option 3: placement within carrier BWP is restricted to at the edge(s) of a carrier. 

	Company
	Agree Y/N
	Comments

	Intel 
	
	We can discuss it later, considering it also requires RAN4’s involvement.  

	Futurewei
	Y
	We agree with the proposal.

	Sharp
	Y
	

	Huawei, HiSilicon
	
	We have some technical concerns here.
· The word “configurable” may conflict particularly with option 3, which would seem to have a concept of “configurable up to some limit of distance from the carrier/BWP edge(s)”. Option 2 is not configurable, if the “middle” means exactly a certain subcarrier/RB/etc.
· To the proponent(s) of option 2, is the word “middle” intended to be a precise restriction that the LP-WUS bandwidth is exactly centered around the subcarrier?
It may be quicker to simply select option 1 for the SI purposes, and allow further evaluation if there is strong advantages to option 3.


	Spreadtrum
	Y
	Prefer Option 1

	ZTE, Sanechips
	
	To make it more general, LP-WUS also can be configured in one band. Here we assume the carrier means the carrier for a cell or CA. We suggest to change “carrier/BWP” as “band/carrier/BWP “



	OPPO
	Y
	

	NEC
	Y
	We support to further study the three options, and we prefer option 3 since at least one-side guard band between LP-WUS and legacy signal can be saved.

	Sony
	Y
	Placement should be configurable by the gNB.

	Panasonic
	
	We should discuss later on this.

	TCL
	Y
	We are fine with the proposal and prefer option 3.

	FL2
	
	High-FL1-Proposal-7: Study the pros and cons from restricting LP-WUS within certain part of band/carrier/BWP compared to no restriction on placement of LP-WUS  
· Option 1: placement within band/carrier/BWP is restricted to be close to the middle of band/carrier/BWP
· Option 2: placement within carrier BWP is restricted to at the edge(s) of a band/carrier/BWP.
· Other options not precluded


	QC
	Y
	

	Futurewei
	Y
	We are OK with proposal

	LGE
	Y
	Fine with the proposal

	FL3
	
	In offline-offline it was concluded, that we should wait for RAN4 reply before discussing any restrictions to LP-WUS locations within band/carrier/BWP 

This thread is closed.



 RRM measurements 
	Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)




There seems to be common understanding that RRM measurements performed by MR would jeopardize power saving benefit from LP-WUS. Many contributions suggest that neighbour cell measurements should be relaxed. On the other hand, companies point out that this relaxation should not cause drops in cellular service. In here, static and low-mobility UEs are better candidates for relaxation. 

There seems to be good support for introducing RRM measurements performed by LP-WUR at least for serving cell. The metrics could be 
· LP-RSRP
· LP-RSRQ
· LP-SINR
· Detection error rate of LP-SS/LP-WUS.

[0478] provides reference to academic paper discussing SINR estimation in low power architectures. 

However, an accuracy and latency of RRM measurement may be an issue for LP-WUR. In addition, there seems to be a need for including cell-ID or some cell-specific scrambling to LP-SS/LP-WUS to ensure that LP-WUR measures serving cell signal. 

It has been also pointed out that currently there is no relaxation for measurement of serving cell, because those are used as criteria for relaxing neighbor cell measurements. 

Regarding neighbour cell measurements by LP-WUS, some companies suggest those should be left for MR, while other companies would like to study potential solutions. No clear majority here. Some companies pointed out that there may be unequal coverage between LP-WUS and regular NR link. Ues at cell edge may anyway need to fall back to MR RRM measurements and abandon LP-WUS monitoring. 

Finally, RRM measurements are RAN4 business. Moderator would suggest the following text as starting point for LS to RAN4

High-FL1-Proposal-8: Send LS to RAN4 with the following text:
RAN1 identified a need to reduce frequency of RRM measurements performed by MR to be able to benefit from LP-WUS low power consumption. One potential solution identified in RAN1 is to replace at least serving-cell RRM measurements performed by MR by RRM measurements performed by LP-WUR. RAN1 would like to kindly ask RAN4 to study feasibility and performance of serving cell RRM measurements using a LP-WUR architectures and waveforms agreed in RAN1, and provide feedback to RAN1, if any.

	Company
	Agree Y/N
	Comments

	Intel 
	Partially yes 
	We agree that using LP-WUR for RRM measurement is key point to achieve low power consumption and we should send LS to RAN4 considering RRM measurement requirement/feasibility is RAN4’s expertise. 
Considering both fully offloading RRM to LP-WUR and partially offloading RRM to LP-WUR with relaxed RRM by MR can be candidate solutions, we suggest minor revision, ‘One potential solution identified in RAN1 is to replace at least serving-cell RRM measurements performed by MR by at least partially RRM measurements performed by LP-WUR’
One general comment: since RAN1 didn’t agree on a LR architecture and LP-WUS signal structure yet, is the LS to task RAN4 to study possible RRM relaxation for each possible candidate for LR and LP-WUS?

	Futurewei
	Y
	We are in general OK with the proposal, but would like to discuss the text further. For example, we should clarify whether reduction of RRM measurements frequency refers to serving and/or neighboring cells measurements. Further, we should discuss whether mobility conditions should be mentioned or not. Additionally, if we propose as a potential solution the usage of LP-WUR to offload serving cell measurements from MR, then may be the main point does not have to be associated with reduction of RRM measurements frequency, but may be relaxation of serving cell measurements.

	Sharp
	Y
	

	Huawei, HiSilicon
	
	We are OK to send a LS to RAN4 for RRM measurements, but before we send the LS, more discussion in RAN1 should be triggered. For example, as the FL summarized, the metrics (like RSRP RSRQ) can be discussed in RAN1 to have some consensus. After that, all the progresses in RAN1 can be sent to RAN4 as a whole picture. This can also avoid multiple LSs between groups. 

	Spreadtrum
	Y
	

	ZTE, Sanechips
	
	In general, we agree with the intention to send LS. But in order to make easier evaluation by RAN4, we may need to provide more reference information, for example:
1) Waveforms for RRM measurement and the corresponding receiver architecture type
2) RRM measurement procedures proposed by RAN1




	OPPO
	Y
	

	NEC
	Y
	We support the proposal.

	Xiaomi
	Y
	Generally fine with the proposal.

	Sony
	Y
	

	Panasonic
	Y
	

	TCL
	Y
	

	LGE
	
	We agree to FL’s intention to send LS. But as other companies commented, we first need to confirm more reference information such as the architecture of LP-WUR and the structure and content of LP-WUS, etc.

	FL2
	
	There is general will to send LS, but few things should be clarified first.
We need to work on 
· Metrics
· RRM procedures
· LP-WUS/LP-SS structure
· …

Lets wait with LS, until we progress more on design. This thread is closed.


	QC
	
	We are okay to send LS to RAN4. 
One thing to clarify whether the serving cell measurement by LP-WUR includes also the cell re-selection evaluation. It would be good also to include it in questions to RAN4. 

	FL3, FL4
	
	
High-FL3-Proposal-20: Study further definition, accuracy, and measurement latency of the following metrics
· LP-RSRP
· LP-RSRQ
· LP-SINR
· Detection error rate of LP-WUS or periodic synchronisation signal.

High-FL1-Proposal-8: Send LS to RAN4 with the following text:
· RAN1 identified a need to reduce frequency of RRM measurements performed by MR to be able to benefit from LP-WUS low power consumption. 
· One potential solution identified in RAN1 is to replace at least serving-cell RRM measurements performed by MR at least partially by RRM measurements performed by LP-WUR. 
· FFS: whether the serving cell measurement by LP-WUR includes also the cell re-selection evaluation
· RAN1 would like to kindly ask RAN4 to study feasibility and performance of serving cell RRM measurements using a LP-WUR architectures and waveforms agreed in RAN1, and provide feedback to RAN1, if any.




	FL3, FL4, FL5
	
	
High-FL5-Proposal-20: Study further definition and feasibility of potential metrics used for RRM measurements by LP-WUR. Companies to report assumption of signal used for measurements, e.g. synchronization signal.
 

High-FL5-Proposal-8: 
Send LS to RAN4 with the following:
· RAN1 identified a benefit from reduced frequency of RRM measurements performed by MR when LP-WUS is being monitored by LP-WUR. 
· RAN1 would like to kindly ask under which conditions it would be feasible to further relax RRM measurement, compared to R17, performed by MR for serving cell and neighbour cells. 


	Intel 
	
	We are generally fine with the proposals. 

One minor comment, we did not relax RRM measurement for serving cell in R17, so ‘further relax RRM measurement’ would be inaccurate. Besides, in both R16 and R17, relax RRM measurement for neighbor cell are introduced, e.g., R17 is for Redcap UE, so it would be better to mention both R16&R17.  
Suggest revise the wording as below: 

· RAN1 would like to kindly ask under which conditions it would be feasible to relax RRM measurement for serving cell and further relax RRM measurement for neighbour cells, compared to R16&R17, performed by MR for serving cell and neighbour cells with or without assistance by LR-WUR based RRM. 




 Synchronisation of LP-WUR 
For synchronisation, a periodical always-present synchronisation signal (LP-SS) is considered by many companies. It may be used by LP-WUS for time and frequency tracking and can facilitate measurements of at least a serving cell. And it may help in shortening the monitoring window during duty cycle, if supported.

Many companies saying that preamble, being part of LP-WUS, could be sufficient for time and frequency synchronisation and RRM measurements. In addition, preamble may aid AGC settling, comparator threshold estimation. It may reduce FAR. 

The concern raised with having only LP-WUS (including preamble) is that it may not be always transmitted. On the other hand, there has been concerns about new periodical signal LP-SS increasing gNBs power consumption. It is fair to say that proponents of LP-SS suggest that periodicity of LP-SS could be once a DRX cycle. If so, this is resulting in insignificant increase in gNBs power consumption.

As starting point for discussion moderator proposes the following

High-FL1-Proposal-9: For synchronisation of LP-WUS receiver, the following option are considered in study
· Option 1: Preamble transmitted along with LP-WUS aids synchronization.
· Option 2: Periodic LP-SS aids synchronization. 
· Option 3: Option1 + Option2

	Company
	Agree Y/N
	Comments

	Intel 
	Y
	

	Futurewei
	Y
	We are OK with the proposal, but suggest the following edits.

High-FL1-Proposal-9: For synchronisation of LP-WUS receiver, the following option are considered in study
· Option 1: Preamble transmitted along with LP-WUS aids synchronization.
· Option 2: Periodic LP-SS aids synchronization. 
· Option 3: Combination of Option1 and Option2 or other options are not precluded.


	Sharp
	Y
	

	Huawei, HiSilicon
	Y
	In the last meeting, it is agreed that the RRM measurement by LP-WUR for at least serving cell is studied. In our view, periodic LP-SS can provide reliable source of RRM measurement while preamble along with LP-WUS cannot. Therefore, we prefer to prioritize periodic LP-SS over preamble along with LP-WUS. And we suggest the following proposal:
High-FL1-Proposal-9-Huawei: At least periodic LP-SS is studied 
· FFS whether and how preamble transmitted along with LP-WUS is needed



	Spreadtrum
	Y
	Option 1 can be baseline. If RRM measurement by LP-WUR is feasible and LP-SS is to be introduced, LP-SS can be used for sync of course.

	ZTE, Sanechips
	
	For Option 1, a note is necessary, that is “preamble is a part of LP-WUS”
For Option 2, aperiodic LP-SS aids synchronization could also be considered.
Therefor, we suggest the following modification:

High-FL1-Proposal-9: For synchronisation of LP-WUS receiver, the following option are considered in study
· Option 1: Preamble transmitted along with LP-WUS aids synchronization.
· Note: preamble is a part of LP-WUS 
· Option 2: Periodic/aperiodic LP-SS aids synchronization. 
· Option 3: Option1 + Option2


	OPPO
	Y
	

	NEC
	Y
	We support to study the three point, and we prefer option 2 better.

	Xiaomi
	Y
	OK with the Proposal.

	Sony
	Y
	

	Panasonic
	
	As the LP-SS in option 2 is not clear at this moment what it means, we can say it is newly defined synchronization signal. On the other hand, whether it is periodic can also be discussed later on but no need to agree now.

	TCL
	Y
	We support both options 

	
	
	

	FL2
	
	As updated in offline-offline, remove names, keep principle

High-FL2-Proposal-9: Study synchronisation of LP-WUS receiver, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· Option 2: periodic always-on signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2

	QC
	Y
	

	Futurewei
	Y
	We are OK with proposal

	LGE
	Y
	Fine with the updated proposal. Agreeing the principle would be sufficient at this time.

	FL3,FL4
	
	Agreement
Study synchronization signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2


	ZTE
	
	For the FFS part,

We think the LP-SS could be monitored in a window where the window is periodic WUR-on window. And, the sync signal(LP-SS) could be a part of LP-WUS, also can be not part of the LP-WUS. 

[image: ]

Therefore, we suggest to change the FFS as 

· the signal also can additionally be transmitted separately from LP-WUS 


	FL4
	
	To cover ZTE case above, we could have  

High-FL2-Proposal-9: 
Study synchronization signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
·  FFS: Whether the signal can be transmitted together with LP-WUS when LP-WUS is present 
· Option 3: Option1 + Option2


	FL5
	
	It is common understanding that above ZTE signal LP-SS pattern is periodic signal with monitoring window and is part of agreed Option 2.



Two companies [0560,0102] would like to study whether and how LP-WUR could provide synch assistance to MR. 

Low-FL1-Proposal-10: Study whether and how to provide synchronisation assistance from LP-WUR to MR upon MR wake-up from ultra-deep sleep.

	Company
	Agree Y/N
	Comments

	Intel
	Y
	

	Futurewei
	Y
	We are OK with the proposal.

	Sharp
	Y
	

	Huawei, HiSilicon
	Y
	We support this proposal. It is beneficial to let LP-WUR to assist the sync/re-sync procedure of MR. According to the simulations in our paper R1-2300100, it provides both power saving gain benefit and latency benefit.

	Spreadtrum
	Y
	Fairly, MR can also provide sync to LR in RRC CONNECTED, and PLL in MR can provide accurate frequency and timing.

	OPPO
	Y
	

	NEC
	Y
	We support the proposal.

	Xiaomi
	Y
	OK with the Proposal.

	TCL
	Y
	

	FL2, FL3, FL4, FL5
	
	Proposal seems to have good support, will propose for online

Low-FL2-Proposal-10: Study whether and how to provide synchronisation assistance from LP-WUR to MR upon MR wake-up from ultra-deep sleep.


	LGE
	Y
	OK with the Proposal

	EURECOM
	Y
	Ok

	Intel 
	Y
	

	Futurewei
	Y
	We are OK with the proposal.



 Content of LP-WUS
Information carried by LP WUS can be in form of a payload or sequence The decision will most likely depend on the size of content. For small number of bits, sequence may be a better option, for large amount of bits payload would be beneficial. But this aspect is more of WI discussion. 

Majority of companies agree that LP-WUS essential information should contain paging information
· group/sub-group ID(s) of paged UE(s),  
· UE ID(s) of paged UE(s), i.e. 48bits per UE

Moderator observes that majority prefers only group/sub-group ID, being concerned about large payload reducing coverage or increased overhead. On the other hand, UE ID would could enable better latency.

High-FL1-Proposal-11: The LP-WUS information can be carrier in form of payload or sequence and should contain at least information about which UE or UE-groups/subgroups are paged. 

	Company
	Agree Y/N
	Comments

	Intel 
	Partially Yes
	We support LP-WUS information carrier in form of payload or sequence, and we think the information can also be carried by time and frequency resource. 

Considering UE ID requires quite large payload which impacts coverage, we prefer UE-group/subgroup as baseline, and FFS UE ID. 

	Futurewei
	Y
	We are Ok with the proposal, but think that a payload/message based LP-WUS can support, e.g., at least a larger number of groups/sub-groups, than sequence based design at the same resource overhead which might eventually result in a higher power saving gain. 

	Sharp
	Y
	

	Huawei, HiSilicon
	Y
	Is the intention to agree that LP-WUS will be defined for both payload and sequence, and (in some way), one is selected for use, or does “or” mean the two are studied and only one will be chosen? At this stage, it is enough to study both:

The Study carrying LP-WUS information can be carrier in form of
· payload or 
· sequence and 
LP-WUS should contains at least information about which UE or UE-groups/subgroups are paged
 

	Spreadtrum
	Y
	

	ZTE, Sanechips
	Y
	We are fine with this proposal, and a typo needs to be modified, “carrier -> carried” 

Being paged seems mean LP-WUS replaces the paging function, we think “paged” can be changed as “wake-up” to make it general. Additionally, cell-specific wake-up also should be considered. Therefore, we suggest the following modification.

High-FL1-Proposal-11: The LP-WUS information can be arried in form of payload or sequence and should contain at least information about which UE or UE-groups/subgroups/all Ues in LP-WUS mode in the cell are pagedwaked-up. 



	OPPO
	
	We think the group ID of UE should be starting point. And the group ID could also be UE ID as special case. And we wonder why the ID have to be padding ID of UE.

	NEC
	Y
	We support the proposal.

	Xiaomi
	Y
	Generally fine with HW’s update. But when the word “paged” is used, does it mean this proposal is only for RRC idle/inactive UE? Hope it can be clarified.

	Sony
	Yes
	At most UE groups/subgroups should be supported. No need to identify individual Ues.

Can we please change “carrier” to “carried” in the proposal?

The LP-WUS information can be carrier carried in form of payload or sequence and should contain at least information about which UE or UE-groups/subgroups are paged.

	Panasonic
	Y
	

	TCL
	Y
	In our view, the UE ID cab be baseline with the possible combination of group ID or cell ID.

	LGE
	Y
	We are okay with the proposal.
As already FL mentioned, it is still early to conclude that sequence is better for small number of bits and payload is beneficial for large number of bits. 

	FL2, FL3, FL4
	
	As converged in offline-offline, we can have online discussion on square brackets text

High-FL2-Proposal-11: 
· For Idle/Inactive mode LP-WUS, the LP-WUS information can be carried in a form of message and/or sequence and should contain at least information about which [UE(s) or UE-group(s)/subgroup(s)] are woken-up/paged. 
· For Connected mode LP-WUS, the LP-WUS information can be carried in a form of message and/or sequence and should contain at least information about which [UE(s) or UE-group(s)/subgroup(s)] are addressed. 


	QC
	
	Okay with the proposal.

One typo: “carrier” -> “carried”.

It would be good to clarify that the per-UE indication is not necessary to be based on full UE ID. For example, UE-specific sequence can be also another option.

	EURECOM
	
	The proposal is fine, however we would prefer not to mix the content of the WUS with how this content is transmitted. Thus, we suggest to use one proposal stating the potential content of the WUS, roughly:
Proposal 11a: WUS information includes but is not limited to:
· UE(s) or UE-group(s)/subgroup(s)
Proposal 11b: WUS information is at least transmitted via
· Message (coded or uncoded)
· Sequences
A combination of the above

	FL5
	
	This proposal will not to be discussed any more, values of this proposal was considered to be of low.

In addition, it was hard to conclude what is difference between sequence and message



LP-WUS could also carry other information 
· Tracking area/RAN area information
· Cell information 
· SI change and ETWS/CMAS information
· CRC
· TRS indication
· timing information, e.g. SFN

From above, cell information could turn out essential if RRM measurements based on LP-WUS/LP-SS are found beneficial. CRC has been mentioned across many contributions, and benefits are integrity and low FAR in case content is payload. Other paging information, such “SI change and ETWS/CMAS information” was mentioned by several companies, but have been controversial already in PEI.

Low-FL1-Question-2: Any of above information should be considered as essential for operation of LP-WUS? Please justify.
	Company
	Agree Y/N
	Comments

	Intel 
	Partially Yes
	In our understanding, the information to be carried by LP-WUS can be carried by different time/frequency together with sequence or payload, as we commented in proposal 11 above. So, this question-2 is based on this assumption. 

We fail to understand the usage of Tracking area/RAN area information 
by LP-WUS. 

We think cell information is needed to identify whether the detected LP-WUS is from serving cell or not. SI change and ETWS/CMAS information can be indicated by LP-WUS since it is only 3 bits. Regarding CRC, it depends on whether payload or sequence selection is used. 


	Futurewei
	
	As FL mentioned, Cell Information might be necessary to help MR offload serving cell measurements to LP-WUR, CRC may be essential to reduce FAR which can have a significant negative impact on power saving gain, and timing information can help assist in MR synchronization which can further reduce the power penalty associated with MR sync/re-sync after waking up from “ultra-deep sleep”.

	Huawei, HiSilicon
	Y
	We support the following information:
· Tracking area/RAN area information and cell information. They are needed for better RRM management, which avoids large latency and potential paging missing. 
· SI change. Note that LP-WUS may be configured by SI in IDLE/INACTIVE mode. If UE cannot know the configuration change, it will fail to receive LP-WUS.
· ETWS/CMAS information. There are requirements on the latency of ETWS message in higher layer spec. If it is not informed by LP-WUS, the latency requirements may not be satisfied due to the large ramp-up time of LP-WUR.
· CRC if payload-base LP-WUS is supported. It is helpful to reduce the FAR.
We are open to timing information. One method is to define ‘slot format’ of LP-WUS to restrict the allowed starting position of LP-WUS, which can reduce the FAR of LP-WUS. If so, timing information may be needed to help LP-WUR know the ‘slot index’.

Note that some of the information (like cell/area information, SI, and ETWS) may be rather ‘cell specific’ ones, so they can be included in another dedicated signal other than a LP-WUS carrying paging information, e.g. periodic LP-SS.

	Spreadtrum
	Y
	

	Sony
	
	Cell information is essential – a UE needs to know which cell sent the LP-WUS. We do not think that Tracking area, SI change, TRS are necessary. The UE MR can acquire this information normally after it wakes up.

	FL2
	
	Lets collect more companies views still 

	QC
	
	We are okay to study whether any other information should be carried by LP-WUS or LP-SS. The decision should consider the agreements for other topics, such as waveform and RRM measurement, etc.

	LGE
	
	Share the view with QC. It is too early to define the essential information carried by LP-WUS.

	FL3
	
	Moderator does not see any consensus, some companies say it is premature to make any decision on essential content of LP-WUS. Lets close the thread. 


 Multiplexing
There are two types of multiplexing, first type is multiplexing with other NR channels and signals, this could be semi-static and dynamic resource sharing, and discussion on this subject could be postponed to WI. Second type of multiplexing is between LP-WUS target to different UEs /UE-groups/subgroups. Here TDM is a baseline, FDM and CDM could be further studied. [0377] pointed out that depending on waveform selected, multiple FDM LP-WUS could negatively impact PAPR of transmitted signal. 

Low-FL1-Proposal-12: For multiplexing among LP-WUSes targeted to different UEs or UE groups/subgroups of Ues, TDM is assumed as baseline, study further whether to recommend also FDM and or CDM multiplexing.
	Company
	Agree Y/N
	Comments

	Intel 
	Partially Yes
	We think FDM can be also considered as baseline. PAPR issue can be easily resolved by legacy randomization mechanism. 

	Futurewei
	Partial Y
	We think that TDM can be assumed as baseline only for “duty-cycled” monitoring but may not be possible for “continuous” monitoring mode. Further, for multiple FDM LP-WUS, we are not sure that the resulting PAPR is going to be worse than a regular CP-OFDM signal.

	Huawei, HiSilicon
	N
	TDM, FDM and CDM should be with equal priority. 

	OPPO
	
	We may not exclude FDM for this moment. This is also depending on the WUS capacity need.

	Xiaomi
	Y
	Fine with the proposal

	Sony
	Y
	We agree with the proposal as a starting point. We should, however, not limit to TDM.

	TCL
	Y
	

	FL2
	
	Lets collect more companies views still

	QC
	Y
	

	LGE
	Partially Yes
	We also think FDM can be considered as baseline. FDM may give much resource efficiency than TDM only without any critical difficulties.

	FL3, FL4, FL5
	
	Low-FL3-Proposal-12: 
For multiplexing among LP-WUSes targeted to different Ues or UE groups/subgroups of Ues, TDM and FDM are assumed as baseline, study further whether to recommend also FDM and or CDM multiplexing.


	EURECOM
	Y
	At this point it is not clear if one UE/UE group only listens to one LP-WUS or is configured to monitor multiple LP-WUS. 
Perhaps we can just say “Concerning LP-WUS multiplexing, TDM and FDM…”
We could also define a LP-WUS resource (like in LTE-M etc) as time-frequency resources that carry the LP-WUS. Then we can be more precise and talk about multiplexing LP-WUS resources.

	Intel 
	Y
	

	Futurewei
	Y
	We are OK with the proposal.


 LP-WUS monitoring 
There are two options of monitoring identified in contributions, where sub-bullets some observations from contributions.

· Duty cycle/DRX-like:
· may have issues with synchronisation and most likely needs periodic LP-SS
· allows transmitting same LP-WUS signal for different groups of Ues waking up at different times
· Contiguous monitoring
· will increase false alarm rate and result in higher power consumption
· may not need LP-SS

High-FL1-Proposal-12: Study further the following types of monitoring for LP-WUR 
· Duty cycle/DRX-like 
· Contiguous monitoring
	Company
	Agree Y/N
	Comments

	Intel 
	Y
	We are fine with study both options, but we think duty cycle based scheme should be the baseline.  

	Futurewei
	Y
	We are OK with the proposal and suggest using “continuous” instead of “contiguous”.

	Huawei, HiSilicon
	Y
	The wording should be “continuous” not “contiguous”.

	Spreadtrum
	Y
	

	ZTE, Sanechips
	Y 
	DRX-like can be removed from the first bullet

	
	
	

	OPPO
	Y
	

	NEC
	Y
	We support the proposal, and we prefer the duty cycle based monitoring.

	Xiaomi
	Y
	Fine with the proposal

	Sony
	Yes
	We think an option where either option can be configured depending on the latency requirement needs to be included as a third option. We therefore suggest the following modification to the proposal: 

High-FL1-Proposal-12: Study further the following types of monitoring for LP-WUR 
· Option1: Duty cycle/DRX-like 
· Option2: Contiguous Continuous monitoring
· Either of Option1 or option2 can be configured depending on latency requirement. 

We think “contiguous” should be “continuous”. This is included in the above proposal.

	Panasonic
	Y
	

	TCL
	Y
	

	LGE
	Y
	Share the view with Futurewei and Huawei.

	
	
	

	FL2, FL3, FL4
	
	Fixing the wording as suggested

High-FL3-Proposal-12: Study further the following types of monitoring for LP-WUR 
· Option1: Duty cycle/DRX-like 
· Option2: Contiguous Continuous monitoring
· Note: support of both is not precluded, e.g. depending on latency



	QC
	
	In our view, continuous monitoring is a specific case of the duty cycle where the periodicity is equal to one slot. Therefore, probably we can further study whether only one of the schemes is supported, or both based on the configuration.
 

	Futurewei
	Y
	We are OK with updated proposal.

	EURECOM
	Y
	We support the proposal.

	FL5
	
	Offline-offline consensus is the following

High-FL3-Proposal-12: Study further pros and cons of the following  monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 


	Intel 
	
	We are generally fine with the proposal. 
For Continuous monitoring, we’d like to clarify, does it mean LP-WUR is ON all the time but LP-WUS occasions can still be noncontinuous, or LP-WUS occasions are back-to-back without gap ?

	Futurewei
	Y
	WE are OK with the proposal.


 Procedures for MR upon wake-up from ultra-deep sleep
If LP-WUS indicates paging information, depending on LP-WUS content, different choice may be preferred. MR can wake-up to 

· PO [ if LP-WUS provides sub-group]
· option has relatively medium latency, which could be shortened by providing additional paging monitoring occasion for paged UE
· PEI [ if LP-WUS provides group only] 
· option has relatively higher latency
· option reduces FAR, but increased MDR
· Directly to PRACH [if LP-WUS provides UE-ID]
· option has relatively lower latency
· option requires low FAR to avoid high power consumption 

More discussion on the subject is needed, the starting point could be 

Low-FL1-Proposal-13: Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· perform PO monitoring, and afterwards follow legacy procedures
· perform PEI monitoring, and afterwards follow legacy procedures
· transmit PRACH for initial access, and follow legacy procedures
	
	Company
	Agree Y/N
	Comments

	Intel 
	Partially Yes
	We can be open for 3 procedures, but we think 1st and 2nd case should be prioritized. 3rd case can be studied after RAN1 make progress on whether it is feasible to carry UE ID by LP-WUS. 
We prefer to add one more case. That is, assuming SI update is indicated by LP-WUS, a UE can directly receive updated SIBs after waking-up. 

	Futurewei
	Y
	We are OK with proposal and the suggestion from Intel to include the case where UE can directly receive updated SIBs after waking-up.

	Sharp
	Y
	

	Huawei, HiSilicon
	Y
	We are OK to the options, but it depends on the information carried by LP-WUS. So we can first discuss the information and then discuss the procedure.

	Spreadtrum
	Y
	

	OPPO
	Y
	

	NEC
	Y
	We support to further study the three methods, and we prefer the first and second options. 

	Xiaomi
	
	Share the same view as HW. information carried by LP-WUS should be discussed first.

	Sony
	Y
	

	TCL
	Y
	

	LGE
	Y
	We are generally okay with the proposal.
This proposal is very tightly coupled to proposal-11 of the information carried by LP-WUS. Therefore, when studying pros and cons of the proposed procedures of MR, we should include the consequence of the number of information bits.

	FL2, FL3
	
	We need to discuss first what is content of LP-WUS, lets pause thread for now

	QC
	
	This may be dependent on the output of “content of LP-WUS”, but we are okay to further study these options. 

	FL4,FL5
	
	Low-FL1-Proposal-13: Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· perform PO monitoring, and afterwards follow legacy procedures
· perform PEI monitoring, and afterwards follow legacy procedures
· transmit PRACH for initial access, and follow legacy procedures



	EURECOM
	Y
	We are supportive of the proposal

	Intel
	
	As commented in first round, we suggest including the case of direct receiving SI update after waking up


 Activation/Deactivation procedures of LP-WUS
For activation/deactivation of LP-WUS the following options were identified in contributions

Low-FL1-Proposal-14: Study further the following LP-WUS monitoring activation and deactivation procedures
· Option 1: LP-WUS is activated/deactivated by gNB
· e.g. SIB or Dedicated RRC
· Option 2: LP-WUS activated/deactivated implicitly based on criteria
· Option 3: LP-WUS activated by UE autonomously
· FFS need for informing gNB
	Company
	Agree Y/N
	Comments

	Intel 
	Partially Yes
	Option 2 and option 3 overlaps, e.g., if criteria is RSRP higher than a threshold, which is identified by UE and UE autonomously activates LP-WUS.

	Futurewei
	Partial Y
	We agree with Intel that the difference between Option 2 and 3 is not clear.

	Spreadtrum
	Y
	

	NEC
	Y
	We think both option 1 and option 2 can be supported.

	Xiaomi
	Y
	Generally fine with the proposal. From our understanding, Option 2 would require some criteria defined in specification, but for Option 3, no such criteria is needed for specification. And we also think no need to inform gNB especially for RRC idle/inactive UE.

	Sony
	Y
	

	TCL
	
	The options mentioned for the activation and de-activation of LP-WUS monitoring may not be feasible. Since in case of activation of the LP-WUS monitoring, the MR of UE is in ultra-sleep and SIB or RRC cannot be used to activate the LP-WUS monitoring. In our view, for LP-WUS monitoring activation those signalling should be consider which can be used the LR of UE. For de-activation of LP-WUS monitoring the MR ON status can be used implicitly to de-activate the LP-WUS monitoring. 

	LGE
	
	We think it is more appropriate to discuss activation/deactivation later. If LP-WUR ‘on’ has very low or negligible power consumption, it is not worth considering. Also, if LP-WUR monitors based on duty-cycle, it may be almost useless.

	FL2
	
	Continue discussion

	QC
	
	We would like to clarify the difference b/w Option 2 and 3. Does Option 2 assume gNB knows LP-WUS activation/deactivation by UE? Seems Option 1 is a cell-level activation/deactivation, and Option 2 and 3 are per-UE activation/deactivation. Is it correct understanding?

We also want to clarify whether the activation/deactivation here includes the transition of MR to ultra-deep sleep mode, and also the transition of MR out of the ultra-deep sleep mode?

	FL3,FL4
	
	The difference between Option 2 and Option 3 is that in Option2 the UE must follow specified criteria, while in Option 3 UE may make own decisions. 

Low-FL3-Proposal-14: Study further the following LP-WUS monitoring activation and deactivation procedures
· Option 1: LP-WUS monitoring is activated/deactivated by gNB
· e.g. SIB or Dedicated RRC
· Option 2: LP-WUS monitoring activated/deactivated implicitly based on criteria
· Option 3: LP-WUS monitoring activated by UE autonomously.
· FFS need for informing gNB

	EURECOM
	Y/N
	We are generally supportive but would like to add to Option 1: “e.g. SIB, Dedicated RRC or LP-WUS with control information.

Are these options for both IDLE/INACTIVE and CONNECTED mode? If only for IDLE/INACTIVE than that should be clarified in the proposal.

	FL5
	
	Low-FL3-Proposal-14: For IDLE/Inactive mode, study further the following LP-WUS monitoring activation and deactivation procedures
· Option 1: LP-WUS monitoring is activated/deactivated by gNB
· e.g. SIB or Dedicated RRC
· Option 2: LP-WUS monitoring is activated/deactivated by UE.
· based on criteria or
· autonomously
· FFS need for informing gNB


	Intel 
	
	We can be fine with the proposal, though we don’t think UE autonomously activate LP-WUS monitoring without any criteria is feasible, e.g., how to ensure LP-WUS performance if UE is in a poor coverage while UE still uses LP-WUS. 
For FFS point, in our view, it can be applicable to both sub-options for option 2. 

	Futurewei
	Y
	We are OK with the proposal, but suggest as intel to apply FFS to the whole of Option 2.

	DOCOMO
	Y
	We are OK with the proposal.

Also, we think that option 2 should be considered.

Since LP-WUS is considered to indicate Wake-Up instructions on a per-UE group, in such a case, UEs that do not originally need to Wake-Up will also Wake-Up from ultra-deep sleep. 

Each UE transitioned from ultra-deep sleep by LP-WUS may check for paging messages, and if it turns out to be the UEs that does not need to be woken up, those UEs should transition to ultra-deep sleep from a power consumption perspective.

 At least, we think it can consider automatically transitioning to ultra-deep sleep in above such cases.



 Connected mode LP-WUS
RRC connected LP-WUS may toggle DCP, SSG switching/Skipping. Concerns were raised on how could RLM/BFD/CSI measurements and time/frequency tracking be offloaded to LP-WUR in Connected mode. There seems to be consensus that physical design the same, procedures different. It is also unclear how to transition from and to LP-WUS monitoring. 

Low-FL1-Proposal-15: LP-WUS waveform for RRC Connected mode reuses LP-WUS waveform for RRC Idle/Inactive. Study further 
· MR procedures upon reception of LP-WUS 
· whether and how to perform RLM/BFD/CSI measurements during MR sleep
· Activation/Deactivation procedures for LP-WUS monitoring

	Company
	Agree Y/N
	Comments

	Intel 
	
	We prefer to further discuss which/whether any scenario in RRC connected mode is beneficial, and what is the functionality of LP-WUS in these scenarios. So we think this proposal should be low priority. 

Regarding proposal itself, “reuses LP-WUS waveform”is not clear. Does it allowed to reuse the overall structure of LP-WUS, but the exact parameters (e.g., OOK duration, BW, sequence, etc.) can be different?



	Huawei, HiSilicon
	
	We are fine with the main bullet since it is expected that LP-WUS can be used for both CONNECTED and IDLE/INACTIVE mode without additional hardware change to LP-WUR. 
Regarding the sub-bullets, they are discussing different issues. (main bullet for waveform and sub-bullets for procedure.) So we suggest to have separate discussion for them. 
For the sub-bullets, the 1st bullet and the 3rd bullet seems to be duplicated, since MR procedure after LP-WUS should be part of deactivation of LP-WUS. So we suggest to merging them together. 
In summary, we suggest the following:

Low-FL1-Proposal-15-a: LP-WUS waveform for RRC Connected mode reuses LP-WUS waveform for RRC Idle/Inactive. 
Low-FL1-Proposal-15-b: For LP-WUS in RRC Connected mode, study further 
· whether and how to perform RLM/BFD/CSI measurements during MR sleep
· Related procedures for LP-WUS monitoring

 

	Spreadtrum
	N
	Whether the same waveform is used depends on resource overhead evaluation. In RRC CONNECTED state, the resource overhead cannot be too large and up to AL 4 PDCCH overhead is pursued. Otherwise, it may be better that gNB uses a clean PDCCH resource, e.g. clean CORESET, for the UE to minimize PDCCH blockage, and in this way UE power saving can be also achieved since there is no “empty monitoring” for PDCCH.

	Xiaomi
	Partially Y
	For the second sub-bullet, 
whether and how to perform RLM/BFD/CSI measurements during MR sleep
we think it can be reworded more clear as,
whether and how to perform RLM/BFD/CSI measurements based on LP- WUR

	TCL
	Y
	

	LGE
	Y
	We are okay with the proposal. If the proposal is split into two as Huawei suggested, the first bullet of ‘MR procedures upon reception of LP-WUS’ should be included. It is not duplicate of the third bullet but a procedure of MR monitoring PDCCH that may be able to be controlled upon reception of LP-WUS. To be more clear, different wording of the first bullet, e.g. ‘PDCCH monitoring by MR upon reception of LP-WUS’, would be fine. In this case, PDCCH monitoring by MR includes C-DRX operation and PDCCH monitoring in DRX Active Time.

	FL2
	
	Continue discussion

	QC
	
	We support to further study LP-WUS for connected mode, including the waveform.

	FL3, FL4, FL5
	
	Low-FL3-Proposal-15-a: LP-WUS waveform for RRC Connected mode may reuse LP-WUS waveform for RRC Idle/Inactive. 
Low-FL3-Proposal-15-b: For LP-WUS in RRC Connected mode, study further 
· whether and how to perform RLM/BFD/CSI measurements based on LP-WUR
· Related procedures for LP-WUS monitoring



 Other 
We have a FFS for support of LP-WUS in FR2. Very few companies discussed this subject, however. It seems that majority of companies focus on FR1 only. 
High-FL1-Proposal-16: LP-WUS in FR2 should be supported
	Company
	Agree Y/N
	Comments

	Intel 
	No
	Currently, it is unclear whether architectures with components discussed in 9.13.2 for FR1 is feasible for FR2 too, and how large power saving gain would be achieved, with FR2 specific features, e.g., analogy beamforming.  

	Futurewei
	N
	We suggest deprioritizing the study in FR2 for now.

	Huawei, HiSilicon
	N
	Currently, per our understand, all the identified architectures in 9.13.2 are based on the assumption of FR1. If FR2 is considered, at least the structure of the frond-end should be different from currently identified ones. And the power model of LP-WUR in FR2 is also missing. Before the feasibility of LP-WUR in FR2 is justified, we cannot have conclusion whether LP-WUS in FR2 is supported or not.

	ZTE, Sanechips
	
	Study the feasibility firstly. 
If FR1 and FR2 have different design requirement, we don’t think we have enough time to complete the TU.

	Xiaomi
	
	This issue can be deprioritized.

	FL2
	
	Continue discussion

	QC
	
	We support the FL proposal.

	LGE
	N
	We are open to discuss LP-WUS in FR2. But, at this stage, it can be deprioritized.

	FL3, FL4
	
	Some companies question feasibility, question what would be receive architecture, some companies want to deprioritize.
Maybe technical discussion could help here

	EURECOM
	
	We support the proposal. However, in this SI there is not enough time.



Low-FL1-Question-17: Any other essential proposals for RAN1#112
	Company
	Agree Y/N
	Comments
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Proposals from contributions
R1-2300054_FUTUREWEI.docx
LP-WUS Design Considerations

Observation 1: A LP-WUS that uses passive circuit at the RF front-end and apply non-coherent reception where only energy detection is performed provides a good trade-off of latency vs power. 
Observation 2: The LP-WUS can be scheduled in any time-frequency resources within the configured BWP i.e., no dedicated time-frequency resources.
Proposal 1: Both sequence-based and message-based design for LP-WUS information content should be considered.
Proposal 2:  The message part should include UE/group/cell ID and their possible combinations.
Proposal 3: Simulations and evaluations should be performed to determine the necessities and details of CRC and FEC. 
Proposal 4: Separate and joint performance KPIs for preamble and message parts should be defined. For the preamble, at least miss-detection and false-alarm rate should be adopted as KPI and similarly decoding error rate for the message part. 

LP-WUS Generation and Transmission

Observation 3: A LP-WUS signal generation based on or reusing the OFDM framework should be the default.
Observation 4: 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 5: Support higher SCS numerologies for OFDM-OOK transmission in FR1 and study SCS and detection performance trade-off. 
Proposal 6: Study a dynamic design of LP-WUS with single-spectrum allocation to enable good and resource efficient in-band selectivity for RF/IF/BB envelope detection receiver architectures.


 R1-2300102_Huawei, HiSilicon.docx
Observation 1: OOK, FSK, and sequence-based modulation can be generated by existing NR transmitter on gNB.
Observation 2: Higher bandwidth for OOK improves the performance, due to higher frequency diversity gain. 
Observation 3: For N-pulse OOK, the value of N has impact to link performance.
Observation 4: 4-pulse OOK demodulation with a quantization resolution of 4bit/sample, and ADC sampling rate of around 2 MHz provides comparable performance to the ideal ADC case.
Observation 5: For 4-pulse OOK signal generated with OFDM transmitter using SCS of 30kHz, for TDL-C 300ns channel model,  timing error cause 5 dB performance loss. For TDL-C 1000ns channel model, timing error of 1 cause 4 dB performance loss.
Observation 6: If the guard bands can cover frequency offset, OOK demodulation is insensitive to frequency offset and phase noise.
Observation 7: Higher bandwidth for FSK signal brings improved performance, due to higher frequency diversity gain. 
Observation 8: M-bit FSK demodulation with resolution of 4 bit/sample provides satisfactory performance with sampling rate of hundreds of kHz.
Observation 9: For FSK signal generated with OFDM transmitter using SCS of 30kHz, if the allocated bandwidth is 1.44MHz, a timing error less than  brings marginal performance loss. The performance loss can be more than 2 dB when timing error is more than .
Observation 10: If proper number of sub-carriers are used as guard bands between neighboring FSK candidates to cover frequency offset, FSK demodulation is insensitive to frequency offset. FSK demodulation is also not affected by phase noise.
Observation 11: FSK receiver provides capability for frequency error estimation and correction. 
Observation 12: Once oscillator frequency error is corrected, not only are smaller guard bands sufficient, but also the timing error is greatly reduced.
Observation 13: For sequence based modulation, it can be observed that the performance would be degraded by 1dB due to the phase noise and I/Q imbalance when 120uW oscillator is used.
Observation 14: Sequence based modulation has good coverage performance than energy detection, considering sequence with good correlation property can have better rejection effect with respect to noises and interference, even if phase noise and I/Q imbalance, frequency error within 10ppm and 1us timing error are considered.
Observation 15: The target data rate for LP-WUS design can be x101~x102kbps level.
Observation 16: To indicate paging information by LP-WUS, there is trade-off between power saving gain/latency and required data rate/coverage performance. 
Observation 17: 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: The following methods for generating an N-bit OOK, where N > 1, waveform are considered in the study:
· Shortening the duration of each pulse within one OFDM symbol based on CP-OFDM signal generation process.
· Shortening the duration of each pulse within one OFDM symbol based on DFT-S-OFDM signal generation process.
· Generating N parallel OOK signals multiplexed on N frequency locations.
Proposal 2: The following options for candidate frequency resources for FSK waveform are considered in the study: 
· Option 1: Each candidate frequency resource for FSK comprises a single subcarrier.
· Option 2: Each candidate frequency resource for FSK comprises a set of contiguous subcarriers
Proposal 3: Study sequence-based modulation by carrying information via different sequences or cyclic shifts for the OFDM based signal/channel for LP-WUS.
Proposal 4: Study sequence-based modulation based on DFT-S-OFDM signal generation process or pre-storing the frequency sequences of candidate sequences, with mapping onto CP-OFDM symbols.
Proposal 5: Study how to improve the coverage performance of LP-WUS.
Proposal 6: For multiplexing of LP-WUSs for different UEs, study at least TDM, FDM, CDM.
Proposal 7: At least paging information is carried in LP-WUS, where LP-WUS can indicate per-UE information or per-group information.
Proposal 8: Further study how to indicate paging information to get a good balance between low data rate requirement and low false wakeup rate.
Proposal 9: The following information can be indicated by LP-WUS in addition to paging information:
a) Tracking area/RAN area information
b) Cell information
c) SI change and ETWS/CMAS information
Proposal 10: Identify categories of feasible methods for carrying necessary information by LP-WUS.
Proposal 11: At least continuous monitoring of LP-WUS should be supported.
Proposal 12: At least support periodically transmitted LP-SS for LP-WUS/WUR.
Proposal 13: If there is time and frequency relationship between LP-WUR and MR, then LP-WUR can assist the re-sync procedure of MR, which can reduce the power consumption and latency.
Proposal 14: At least serving cell measurement is supported by LP-WUR using LP-WUS/LP-SS.
Proposal 15: Further discuss how to define and use the measurement quantities by LP-WUR.
Proposal 16: Further study how to support neighbor cell measurement.
Proposal 17: A unified LP-WUS signal design should be considered for CONNECTED mode and IDLE/INACTIVE mode.
 R1-2300169_TCL Communication Ltd..docx

Observation 1: LP-WUR monitoring behavior for LP-WUS detection greatly impact the power consumption of the LP-WUR.
Observation 2: The activation and de-activation of LP-WUR monitoring can avoid the LP-WUR continues monitoring for LP-WUS detection, and unnecessary decoding of each LP-WUS.
Observation 3: In idle/inactive state the MR of UE maybe trigger by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 4: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 
Observation 6: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Observation 7: The bandwidth configuration of LP-WUS at the edge RBs/REs may reduce the frequency resources wasting. 
Observation 8: The transmission of LP-SS and LP-WUS in different BWP, may let the LP-WUR to perform RF retuning for LP-SS, and increase its power consumption. 
Observation 9: LP-WUR based dedicated RRM measurement relaxation may reduce the LP-WUR power consumption. 

Proposal 1: Support the activation and de-activation of the LP-WUR monitoring for LP-WUS detection.
Proposal 2: The LP-WUR monitoring behavior can be activated or de-activated via a payload in the form of bitmap carries in the LP-SS. 
Proposal 3: Consider the LP-WUS as an alternative option for paging indication. 
Proposal 4: Study an indication method for LP-WUS reception to ensure the successful detection of LP-WUS and improve its reliability. 
Proposal 5: Consider the bandwidth configuration of LP-WUS at the edge RBs of the carrier bandwidth. 
Proposal 6: Study a dedicated BWP for the LP-WUS and LP-SS, with the maximum bandwidth less than or equal to the required bandwidth of the LP-WUS. 
Proposal 7: Study at least the following RRM measurement relaxation for the LP-WUR based RRM measurement. 
· RRM measurement without reporting 
· RRM measurement based on the UEs group
· RRM measurement based on the LP-WUS 


 R1-2300243_Spreadtrum Communications.docx
Sync and RRM measurement at the LP-WUR

Observation 1: The sequence length of the LP-SS may be no less than that of SSS and PBCH-DMRS subcarriers, which is about 270.
Observation 2: The periodicity of the LP-SS may be no shorter than I-DRX cycle.

Proposal 1: Whether the LP-WUR can support neighboring-cell measurement can be discussed further.
Proposal 2: OFDMA-based signals/channels (e.g. SSS/PBCH-DMRS) can be considered for sync and serving-cell measurement.
Proposal 3: The LP-SS can be considered for sync and serving-cell measurement.
Proposal 4: MC-ASK waveform and OFDMA-based signals/channels can be both considered for the LP-SS.

Design of LP-WUS

Proposal 5: For RRC CONNECTED state, MC-ASK/FSK waveform with high-complexity receiver assumed can be considered for the LP-WUS.
Proposal 6: For RRC IDLE/INACTVE state, MC-ASK/FSK waveform can be considered for the LP-WUS.
Proposal 7: If down selecting MC-ASK/FSK for the LP-WUS, MC-ASK waveform is preferred.
Proposal 8: Modulating a set of subcarriers for MC-ASK waveform generation can use the following options.
Option 1: Repeating ASK symbols (0 or 1) and then precoding (e.g. DFT precoding or Least-Square precoding), and then mapping to the set of subcarriers.
Option 2: Generating sequence-1 and sequence-2 for ASK symbol 0 and 1 respectively, and then mapping to the set of subcarriers.
Proposal 9: 1-bit ASK/FSK modulation can be considered.
Proposal 10: The code rate can be equal to or lower than 1/2 (e.g. Manchester code).
Proposal 11: The BW of one LP-WUS can be not greater than 20 MHz for FR1.
Proposal 12: The BW of one LP-WUS can be scalable to enable the forward compatibility.
Proposal 13: The structure of the LP-WUS does not mean a new slot format.
Proposal 14: The structure of the LP-WUS containing delimiter/preamble and data payload can be studied.





 R1-2300275_OPPO.docx

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.
· The single WUS carrier for a UE low power receiver is associated with a DL carrier which the main radio will be waken upon.
· The WUS signal should coexist with other signals, support cellular operation and support FDD/TDD.

Proposal 2: Wake-up signal consider OOK or FSK as basic detection wave form. NR OFDM symbol duration without CP symbol is N times of WUS symbol duration. The candidate value could be start from N = {4, 8}. Transmission bandwidth can be 6~24 PRB @ 15kHz.
· Compatible NR CP is also inserted.
· Guard band for WUS can be considered to be included in the transmission bandwidths, to support multiplexing with NR signals/channels
· In the case of FSK, frequency shifting should be in number of transmission bandwidth.

Proposal 3: UE group ID information and/or Cell related information should be carried by wake-up signal. Wake-up signal support Manchester code and CRC.

Proposal4: Study the scenarios with very low power wake-up signal carrying a WUS ID and mapped to a cell ID.

Proposal5: Study the mechanism for very low power wake-up signal have similar coverage as normal PSS/SSS.
Study the power saving procedure in case of wake-up signal outage.

Proposal6: Study whether the very low power WUS signal measurement can facilitate the main radio wake-up and supporting the mobility of UE.

 R1-2300377_ZTE, Sanechips.docx
Observation 1: Regarding LP-WUS preamble generated by multiple ASK/OOK/FSK symbols, considering the limited number of preamble sequences, only limited information can be carried by preamble sequences.
Observation 2: Besides carrying essential information, the LP-WUS preamble can also be used for RRM measurement and DL synchronization.
Observation 3: For CP-OFDM based MC-OOK, if existing NR FR1 SCSs are used for MC-OOK based LP-WUS with large payload size, it will cause: 
· Excessively long duration for LP-WUS transmission;
· NW may not have enough resources in time domain to configure multiple LP-WUS transmissions;
· LP-WUS latency is prolonged.
Observation 4: For DFT-s-OFDM based MC-OOK, only one CP is added in front of multiple MC-OOK symbols within one CP-OFDM symbol.
Observation 5: For DFT-s-OFDM based MC-OOK, if timing synchronization cannot be guaranteed, the LP-WUS detection performance will be affected by ISI between adjacent MC-OOK symbols.
Observation 6: Strong spectral line can be observed when MC-OOK based waveform is used for LP-WUS payload transmission.
Observation 7: High PAPR LP-WUS waveform has impact on envelope detection performance considering the problem of Ripple & Peak clipping effects for envelope in reality.
Observation 8: 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 contribute the most part of the total UE power consumption when enabling LP-WUS.
Observation 9: 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 10: 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 11: From perspective of gNB, PAPR of DL output signal will be impacted if FDM is supported for LP-WUS transmission.


 R1-2300363_Panasonic.docx
Based on the discussion, the following proposals are highlighted: 

Proposal 1: LP-WUS needs to co-exist with other NR signals. The signal design should not mandate gNB hardware change.
Proposal 2: 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 3: Study some kind of cell specific randomization/scrambling of LP-WUS.
Proposal 4: For power saving gain in realistic operation, LP-WUR/WUS should be used for RRM measurement at least for serving cell.
Proposal 5: LP-WUR/WUS should support the functionality of time/frequency tracking to maintain serving cell quality measurement in both cell edge and center.
Proposal 6: RRC IDLE/INACTIVE has higher priority in the study.
Proposal 7: OFDM waveform is considered as baseline for LP-WUS design. Optimized SCS is FFS
Observation 1: Both MC-OOK and MC-FSK based LP-WUS can provide workable link performance under the used simulation assumption, at least with 25 PRB in 14 symbols.
Observation 2: In high SNR region, MC-FSK provides better BLER performance than MC-OOK, given MC-OOK has a performance floor due to fixing the FAR=0.1% to set the detection threshold. In practice, more optimized threshold setting for MC-OOK may improve this.
Observation 3: In low SNR region, compared with MC-OOK, the performance of MC-FSK is more sensitive with the assumed detection method, due to less energy for detection.
Observation 4: MC-FSK has more advantage than MC-OOK for longer bits block. Therefore, the proper length of the information bits per block and whether channel encoding is needed may need different considerations for MC-FSK and OOK. 
Proposal 8: MC-OOK and FSK can be considered as baseline for further study for the structure of LP-WUS, which can be used for feasibility study on receiver sensitivity and complexity estimation. For better link performance, the detailed design including the sequence generation, sequence mapping, frequency location, guard band, length of the indication bits, message block design and channel encoding can be studied further and compared. 


 R1-2300478_vivo.docx
Observation 1: Detection of existing OFDM signal cannot achieve remarkable power consumption reduction at receiver.
Observation 2: The data rate/chip rate may be limited by the SCS of NR DL signals/channels if the same IFFT module for NR DL signal is reused for LP-WUS generation.
Observation 3: New IFFT branch with higher SCS may be needed to achieve higher data/chip rate.
Proposal 1: Further study methods to achieve flexible chip rates while reusing existing NR CP-OFDM generator.
Observation 4: OOK waveforms can be generated by pre-DFT/pre-Distortion before IFFT
· A on/off time domain sequence is inputted to a pre-DFT/pre-Distortion before IFFT.
Observation 5: The PSD is centralized in middle of the bandwidth allocated for LP-WUS if DFT- S-OFDM generated based MC-OOK generation is used.
Observation 6: Additional mechanisms should be studied to make the PSD flatter in the allocated BW, while the OOK waveform characteristics should be maintained as much as possible for DFT-S-OFDM based MC-OOK generation.
Proposal 2: Manchester code can be considered as a start point for WUS message part to improve the decoding performance with low complexity and power consumption.
Observation 7: If the BW of LP-WUS is configurable, BPFs with different bandwidth should be implemented to better reject the interference, causing higher receiver complexity.
Proposal 3: 
· Whether the guard band is within or outside WUS bandwidth depends on the definition of LP-WUS BW. Prefer to be included in the LP-WUS BW.
· The size of the guard band should be determined at least based on the factors, i.e., interference avoidance between WUS and NR signals and the frequency uncertainty for LP-WUR.
Observation 8: If the BW of LP-WUS can be different for each RRC states, BPFs with different bandwidth should be implemented to better reject the interference, causing higher WUR complexity.
Proposal 4: The same BW of LP-WUS should be designed for different RRC states for simple implementation
Proposal 5: Study LP-WUS signal structure including:
· Alt 1: WUS payload only 
· Alt 1a: WUS payload information is carried by sequence(s) selection
· Alt 1b: WUS payload information is carried by encoded bits (with CRC)
· Alt 2: a preamble (for sync) followed by WUS payload
· Alt 2a: WUS payload information is carried by sequence(s) selection
· Alt 2b: WUS payload information is carried by encoded bits (with CRC) 
Proposal 6: Study LP-SS signal structure including:
· Alt 1: sequence(s) 
· Alt 2: sequence(s) followed by additional message
· Alt 2a: additional message is carried by sequence(s) selection
· Alt 2b: additional message is carried by encoded bits (with CRC)
Observation 9: For LP-WUS structure with preamble using OOK waveform, the preamble with at least 16 chips can achieve reliable synchronization performance.
Proposal 7: Study LP-WUS receiver autonomously determine the sampling rate, which can be beneficial from reducing power consumption perspective.
Proposal 8: Study both LP-WUS/LP-SS monitoring using DRX operation and continuously monitoring.
Proposal 9: It is beneficial to support RRM measurements on WUR, and following enhancements can be considered.
· RRM measurements are totally offloaded to WUR
· RRM measurements are performed by WUR, and also performed by main radio with relaxed periodicity.
Proposal 10: Following measurement metrics can be considered for measurement using WUR
· LP-RSRP;
· LP-RSRQ;
· LP-SINR;
· Detection error rate.
Proposal 11: Study both TDM and FDM multiplexing for co-existence between LP-WUS and legacy signals/channels, with both semi-static and dynamic manner.
Observation 10: 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 signal is transmitted in PDSCH resource.
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Proposal 1: Synchronization between LP WUR and gNB can be done in the following alternatives, and Alt 1 is preferred: 
· Alt 1, by periodical synchronization signals for LP WUR
· Alt 2, by aperiodical synchronization signal transmitted along with LP WUS
Proposal 2: Support BW of one LP-WUS is not greater than 5 MHz for FR1
Proposal 3: Support BW of one LP-WUS is configurable, and support LP WUS BW being different for RRC idle/inactive and RRC connected states.
Proposal 4: UE group ID should be supported to be indicated by LP WUS. 
Proposal 5: Determine the coverage requirement of LP WUS and study whether coverage enhancement is needed.
Observation 1: If LP WUS coverage is the whole cell, both intra-cell and inter-cell measurement are possible, but if LP WUS coverage is only cell centre, than inter-cell measurement is not possible and intra-cell measurement is also restricted in cell centre.
Proposal 6: Enhanced paging mechanism can be studied to reduce overall latency.
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Observation 1: 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 2: 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 3: LP-WUS can be used to offload main radio’s RRM measurement for mobility support during idle/inactive state.
Observation 4: As LP-WUR already supports LP-WUS, RRM measurement based on LP-WUS provides efficient RRM measurement without additional UE complexity.
Observation 5: LP-WUS assisted paging during idle/inactive state may provide power saving benefits.
Observation 6: Utilization of LP-WUS/LP-WUR may not always be beneficial considering additional power consumption and low coverage/sensitivity of LP-WUR. 
Observation 7: Conditions such as coverage/sensitivity for enabling/disabling LP-WUR may dynamically change due to UE movement and blockage. 

Proposal 1: Consider OOK and FSK as candidate modulation schemes for LP-WUS. 
Proposal 2: 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 3: Key design parameters and aspects of LP-WUS including LP-WUS symbol length, supported SCSs, number of modulated bits per LP-WUS symbol, whether to use dedicated/standalone bands, bandwidth, transmitter architectures, coverage (or receiver sensitivity) and multiplexing should be carefully decided considering the design trade-off between the key parameters/aspects of LP-WUS. 
Proposal 4: Introduction of additional signal such as LP-SS should be carefully evaluated. 
Proposal 5: For measurement metric, RSRP can be a starting point as it is simple and already supported by a main receiver. On the other hand, using LP-WUS can be also considered for reusing LP-WUR implementation. 
Proposal 6: For cell identification, providing cell ID in LP-WUS can be considered. Detailed design of cell ID indication is FFS. 
Proposal 7: Mobility to neighboring cells which is capable of LP-WUS transmission should be supported. 
Proposal 8: Relaxation of existing RRM measurement requirements should be considered for LP-WUR. How to appropriately handle limited coverage of LP-WUR can be further discussed. 
Proposal 9: Study procedures to use LP-WUS to facilitate power-efficient paging operation during idle/inactive state and evaluate the potential power saving gains.
Proposal 10: Study efficient configuration, activation and deactivation mechanisms for LP-WUS and LP-WUR.
Proposal 11: Although FR1 may be a main frequency range for LP-WUS, FR2 should be considered for LP-WUS design.
Proposal 12: Study enhanced beam related procedures for supporting LP-WUS in FR2 should be studied.
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Proposal 1: MC-ASK waveform and MC-FSK waveform should support M bits information per OFDM symbol to support the target data rate requirements for LP-WUS, e.g., M = 8 bits for at least 100Kbps data rate.
Proposal 2: It is expected to support TDM and FDM multiplexing between LP-WUS and NR legacy channel/signal. The LP-WUS design should take into account inter-channel interference mitigation techniques when LP-WUS and NR signals are multiplexed in the same NR carrier.
Proposal 3: The ratio of LP-WUR guard band is not less than the NR or LTE guard band ratio, e.g., 10%.
Proposal 4: The LP-WUS should take the pulse shape filter into consideration as the requirement to limit the ICI to the adjacent channel.
Proposal 5:  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 6: The timing error/frequency error caused by drift and wander of reference clock would impact the system design for LP-WUS monitoring and detection. The enhancement to reduce the timing error/frequency error for synchronization and LP-WUS monitoring window should to be studied.
Proposal 7: 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 8:  UE capability includes the receiver sensitivity of the low-power wakeup receiver.  UE will report it’s supported of low-power wakeup receiver in the UE capability.
Proposal 9:  Network should support the LP-WUS waveform configuration.
Proposal 10:  Cell-specific or UE-specific configuration of LP-WUS resource could be supported.
Proposal 11:  Configuration of wake-up signal with unique UE identification should be supported.
Proposal 12: Same or different BW between RRC_CONNECTED and RRC_IDLE/INACTIVE mode should be supported.
Proposal 13: The LP-WUS design should take into account the low power wakeup receiver synchronization to the network with UE continuously or periodically monitoring LP-WUS.
Proposal 14: For a UE support LP-WUR in IDLE/INACTIVE mode, to reduce the power consumption on RRM measurements, two potential alternatives can be considered:
· Alt.1: RRM measurements on SSB;
· Alt.2: RRM measurements on LP-WUS.
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Observation 1:  Wider LP-WUS BW can offer robustness against fading, but impacts 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 in order 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 be used to carry relevant information and have different content and/or sizes 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:  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 12:  The performance of multi-bit OOK degrades significantly in comparison with that of AWGN channel due to multi-path effect.
Observation 13:  Oversampling at the LR is essential to improve the performance of OOK reception and to reduce the probability of false alarm.
Observation 14:  By using properly designed sequence in the ON duration of LP-WUS transmission, LRs can improve the coverage and can also overcome the inter-cell interference
Observation 15:  The LP-WUS modulation 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 16:  The LP-WUS modulation scheme selected should provide robust performance (sensitivity and selectivity) using low power receiver architectures.
Observation 17:  A LP-WUS designed to support a flexibly sized payload would allow the LP-WUS to be easily adopted for different use cases.
Observation 18:  The LP-WUS modulation scheme selected should be easy to generate using the existing gNB architecture.
Observation 19:  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 20:  LP-WUS using sequence based CP-OFDM must be studied in this SI, since it has been used in previous generation cellular standard
Observation 21:  The modulation scheme used for LP-WUS must be chosen to reduce both power and latency of majority of UEs in the cell rather targeting a subset of UEs whose channel conditions are good.
Observation 22:	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 23:	If LP-WUS is considered for mobility measurements, the LP-WUS design would need to  account the requirement to enable good accuracy within reasonable evaluation period. This may imply increased overhead.
Observation 24:  RX chain imperfections of LP-WUR, as well the baseline reference architecture affects the feasibility of LP-WUS based mobility measurements.
Observation 25:  Reducing the measurement activity in CONNECTED mode can have negative impact on service quality.
Observation 26: 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: 	Evaluate new LR/LP-WUS performance measurements/alarms to assist the network to optimise the LP-WUS configuration.
Proposal 8: 	If CONNECTED mode operation with LP-WUS is considered, the link quality measurements and reporting need to be accounted for in evaluations. 
Proposal 9:   Consider different alternatives for LP-WUS payloads to support/replace Paging PDCCH monitoring.  
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Observation 1: MC-OOK type 1 can be regarded as a candidate MC-OOK waveform generation method.
Observation 2: MC-OOK type 2 can be regarded as a candidate MC-OOK waveform generation method.
Observation 3: Signal bandwidth lower than 5MHz is enough for LP-WUS transmission.
Observation 4: Size of guard band can be at least based on the transition band of the filter.
Observation 5: The synchronization signal can be combined with LP-WUS information signal in the transmission of LP-WUS.
Observation 6: At least UE paging indication or UE group paging indication can be carried in the information part.
Observation 7: DRX operation can be used for LP-WUS monitoring in IDLE/INACTIVE mode.
Observation 8: DRX operation can be used when main radio is in the sleep state.
Observation 9: A new measurement signal can be designed for LP-WUS to perform corresponding measurement
Proposal 1: MC-OOK type 1 and type 2 can both be regarded as the candidate MC-OOK waveform generation method.
Proposal 2: Signal bandwidth lower than 5MHz can be considered for LP-WUS.
Proposal 3: UE paging indication or UE group paging indication can be assumed to be present in LP-WUS.
Proposal 4: DRX operation can be further studied for LP-WUS monitoring in IDLE/INACTIVE mode.
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Observation 1: The MDR can be relaxed furtherly.
Observation 2: if message-based WUS is selected, CRC should be appended and the CRC size depends on the FAR requirement of LP WUS. If sequence-based WUS is selected, the length of the sequence depends on the FAR requirement of LP WUS.
Proposal 1: MC-ASK and MC-FSK should be studied as LP-WUS waveforms with higher priority.
Proposal 2: Resource allocation for LP-WUS should keep flexible with configurable bandwidth and symbols.
Proposal 3: At least for idle/inactive UE, the LP-WUS should support beam sweeping.
Proposal 4: LP-WUS for idle/inactive UE should be prior in the study. 
Proposal 5: Support periodic-on mode for LP-WUS monitoring.
Proposal 6: Unified procedure can be considered for UEs provided or not provided with eDRX.
proposal 7: The performance and overhead should be compromised for LP-WUS design.
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Observation 1: DFT-s-OFDM based OOK symbol generation is beneficial for the scaling of OOK symbol duration for different SCSs.
Observation 2: dropping CP at transmitter side may lose the orthogonality between LP-WUS signal and legacy OFDM symbol.
Observation 3: CP removing at receiver side may increase the complexity and power consumption of LP-WUR and lead to low spectrum efficiency.
Observation 4: CP can be enhanced as a useful part of OOK symbol, e.g., a CP with non-zero power can be seen as a useful part of an OOK-ON symbol, and a CP with zero power can be seen as a useful part of an OOK-OFF symbol.
Proposal 1: study DFT-s-OFDM based OOK symbol generation, to support transmit multiple bits by a single OFDM symbol.
Proposal 2: study CP enhancement to utilize the CP as a useful part of OOK symbols. 
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.
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For an OOK-based LP-WUS signal design:

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.
Proposal 1 – Support mechanisms to embed LP-WUS within OFDM transmissions without creating interference to other OFDM transmissions.
Proposal 2 – For OOK-based LP-WUS, support LP-WUS designs compensating for LP-WUR performance loss using spreading.
Proposal 3 – For OOK-based LP-WUS, support LP-WUS structure including cell identity and wake-up group identity. 

For an OFDMA-sequence-based LP-WUS signal design:

Proposal 4 – For OFDMA-based LP-WUS, support LP-WUS designs consisting of N WUS preamble / detection symbols and M WUS information symbols. Values of N and M can be chosen for a suitable SNR operating point.
Proposal 5 – For OFDMA-based LP-WUS, support LP-WUS structure including cell identity and wake-up group identity. 

Considering L1 procedures:

Proposal 6: Study sparse LP-SS, where the sparse LP-SS can synchronise the LP-WUS monitoring window of multiple POs.
Proposal 7: Study the following structures for LP-SS:
· Sequence based LP-SS
· LP-SS signalled as a bit string within the regular LP-WUS
Observation 2: 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 3: The length of the LP-WUR’s LP-WUS monitoring window is minimized when the LP-WUR has recently synchronised to the network.
Proposal 8: RAN1 studies the effect of timing drift on LP-WUR power consumption when the LP-WUR operates in a DRX mode.
Proposal 9: RAN1 studies the need to monitor the reliability / performance of the LP-WUS.
Considering higher-layer signalling and procedures:

Observation 4 - 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. 
Proposal 10 – Consider low-power mechanisms to support mobility and cell re-selection mechanism for UEs with LP-WUR. 
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Proposal 1: Deprioritize study of OFDM-based signals/channels based on the existing signal/channel structure (e.g. CSI-RS, SSS).  
Proposal 2: Study OOK and FSK as modulation scheme for LP-WUS based on receiver architecture discussed under 9.13.2, with evaluation of power consumption/complexity of LP-WUR and sensitivity/coverage, considering robustness against co-channel/adjacent-channel interference and against larger time/frequency error for different receiver architecture. 
Proposal 3: Study coding scheme for LP-WUS, taking Manchester code and repetition code as starting point.
Proposal 4: Study multi-carrier OOK/FSK for OFDM-based LP WUS. 
· Study OFDM-based OOK with one OOK/FSK symbol per OFDM symbol. SCS of LP-WUS can be larger than NR signals in main radio. 
· Study DFT-s-OFDM-based OOK with up to M OOK/FSK symbols per OFDM symbol. M=8 can be starting point. SCS of LP-WUS can be same as SCS of SS/PBCH in main radio. 
· Further study the impact of CP 
Proposal 5: 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, e.g., paging group, paging subgroup ID. 
· FFS whether same or different parts for periodic LP-SS and aperiodic LP-WUS 
Proposal 6: Study LP-WUS monitoring occasions for periodic LP-SS and aperiodic LP-WUS
· 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 7: Study in-band LP-WUS which can be multiplexed with NR channels/signals in different PRBs within a carrier. 
· LP-WUS bandwidth around 5MHz + 2 PRBs guard band at each side can be the baseline. 
· Study mechanism to utilize unused LP-WUS resource for NR DL/UL signal/channels 
Proposal 8: Evaluate the impact of inter-cell interference and study mechanism for inter-cell interference handling. 
Proposal 9: For activation/deactivation of LP-WUS monitoring, study the activation/deactivation mechanism based on gNB configuration and UE initiated procedure with or without report to gNB. 
Proposal 10: Study at least following 2 possible UE procedures upon detection of LP-WUS in 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.
Proposal 11: Study RRM measurements performed by LP-WUR for serving cell in RRC idle/inactive mode.
· Study RSRP, RSRQ-like metric based on OOK/FSK symbols. 
· Study the criterion to offload RRM measurement to LP-WUR. 
· Study potential relaxation of RRM measurement requirement for main radio with aid of LP-WUR. 
Proposal 12: Further study the feasibility of RRM measurements performed by LP-WUR for neighbouring cell. 
Proposal 13: Further discuss the need of LP-WUS for RRC connected mode. 
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Proposal 1. MC-ASK (OOK) waveform can be considered as the first priority of LP-WUS study.
Proposal 2. Manchester Encoding can be the candidate method to enhance the reliability of MC-ASK(OOK) based LP-WUS.
Proposal 3. Two options can be considered to generate MC-ASK(OOK) waveform of LP-WUS.
· Option 1: using DST-s-OFDM.
· Option 2: using CP-OFDM with least square approximation.
Proposal 4. Two options of LP-WUS structure can be further studied：
· Option1: Sequence based.
· Option2: Payload based.
Proposal 5. Two options of LP-WUS synchronization methods can be further studied:
· Option1: Dedicated synchronization signal (LP-SS).
· Option 2: LP-WUS supports sync function.
Proposal 6. For UE in RRC_IDLE/RRC_INACTIVE state, two options of LP-WUS waking up methods can be further studied:
· Option 1: LP-WUS carries UE-ID triggers MR wake up for RACH.
· Option 2: LP-WUS carries Group-ID trigger MR waking up for receiving paging.
Proposal 7. 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 8. Coverage of LP-WUS/WUR should be comparable with the main radio.
Proposal 9. LP-WUS jointly applied with other paving saving technique to overcame the coverage hole issue.
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Proposal #1: Focus on studying MC-OOK waveform generation based on the legacy OFDM transmitter due to its simplicity and low power consumption.
Proposal #2: Study on whether/how LP-WUS transmission can be multiplexed with the legacy NR signals/channels in time and/or frequency domain.
Proposal #3: Study on time and frequency domain location of LP-WUS considering both IDLE/INACTIVE mode and CONNECTED mode.
Proposal #4: Dedicated sync signal for LP-WUS can be discussed together during discussing about LP-WUS waveform generation
Proposal #5: The same sampling rate (or the same unit signal) as that of LP-WUS can be considered
Proposal #6: Study on how to transmit the dedicated LP-SS
Proposal #7: Study on how to achieve the comparable coverage of LP-WUR as the NR paging PDCCH
Proposal #8: Study on whether/how to handle the smaller coverage of LP-WUR than the NR paging PDCCH
Observation #1: What should be UE behaviour for LP-WUS is interrelated to LP-WUS performance requirement
Proposal #9: Study whether to support that UE monitors PEI or paging after the UE receives LP-WUS in IDLE/INACTIVE, considering wake-up latency.
Proposal #10: Study whether to support that UE attempt random access after the UE receives LP-WUS in IDLE/INACTIVE, considering false alarm rate and the number of UE group per MO. 
Proposal #11: Study the LP-WUS functionalities for CONNECTED mode for UE power saving.
Proposal #12: LP-WUS should be designed assuming the different procedures and functionalities of LP-WUS between CONNECTED and IDLE/INACTIVE modes.
Proposal #13: Study RRM measurement by LP-WUR for relaxing or offloading RRM measurement by the main radio.
Proposal #14: Study on how to utilize RRM measurement by LP-WUR as a complementary for RRM measurement by the main radio.

R1-2301133_EURECOM.docx
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.
Observation 2: The WUS BW is a trade-off between, payload capacity, multipath diversity and filter complexity. 
Observation 3: Uncoded MC-OOK is sensitive to ACI if standard threshold detection is used.
Observation 4: Manchester coding significantly improves robustness to ACI and thus requires less guard bands given the same LP filter.
Observation 5: Given the same bandwidth, MC-OOK is more robust to ACI than DFT-precoded MC-OOK because the interference is averaged over more samples.
Observation 6: Given ideal AGC, an ADC with 4-bit resolution is sufficient for close to optimal performance. 
Observation 7: For MC-OOK, Manchester coding improves robustness to timing inaccuracies.
Observation 8: DFT-precoded MC-OOK is more sensitive to timing inaccuracy than MC-OOK due to the shorter ON-sequence length.
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Proposal-1: M can be increased by increasing SCS of LP-WUS to be higher than SCS of hosting BWP, as the first preference. Alternatively, transform precoding can be used, but M should be kept low, such M<=4.
Observation-1: Synchronization signal for LP-WUS is beneficial to ensure that LP-WUS can hear the camping cell and to correct timing drift. Such signal should be known to UE, cell-specific and always present. 
Proposal-2: Study a need for an additional on-demand signal (e.g. preamble) and what would be its functionality.
Observation-2: When determining baseline information size for LP-WUS, for the purpose of simulations, candidate values could be 1,2,4,8,16 bits, these corresponding to number of sub-groups indicated in the LP-WUS.
Observation-3: When determining additional information size for LP-WUS, for the purpose of simulations, candidate values could be N*39 or N*24, where 39 corresponds to bit-size of NR UE ID in Idle, 24 corresponds to bit-size of NR UE ID in Inactive and N is max number of UE IDs indicated by the LP-WUS.  
Obsevation-4: For LP-WUS and MR overall power consumption reduction, there is a need to further relax RRM measurements.
Observation-5: It would be feasible for LR to detect presence of LP-SS, which could be a criteria for RRM measurement relaxation.
Proposal-3: Identification of cell and tracking areas is left to MR. If MR decides to camp on cell supporting LP-WUS, it provides configuration information to LR, and go to MICO-like sleep.
Observation-6: Configurability of LP-WUS BW would increase LP-WUR complexity. Target a single BW size.  Different BW for FR2, if supported, could be considered.
Observation-7: LP-WUS BW requirement should take into account a frequency error of the receiver.
Observation-8: A UE should subscribe for reception of LP-WUS in a camping cell.
Proposal-4: After MR is waken-up by LR, study the transition of MR from MICO deep sleep to 
· PO monitoring 
· transmitting directly PRACH, if including an UE ID in LP-WUS is deemed feasible.
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The proposals made in this contribution are summarized below: 
Proposal 1: For LP-WUS waveform:
· Deprioritize MC-FSK if no significant performance gain is observed;
· Select between MC-OOK and OFDMA-based signal considering at least the following aspects: the time and frequency domain resources allocated for the LP-WUS, the guard band associated with the LP-WUS, the time and frequency domain errors at the LR, co-channel/adjacent-channel interference at the receiver. 
Proposal 2: For resource allocation of LP-WUS:
· Frequency location of LP-WUS shall be flexible.
· FDM and TDM with other signal(s) and channel(s) shall be supported.
· BW of LP-WUS needs to take into account the detection performance and coverage.
· Potential CP rejection at the receiver should be addressed, when LP-WUS spans over multiple OFDM symbols.
Proposal 3: Information carried by LP-WUS (and LP-SS if supported) can be studied, including:
· Identification (cell ID, UE ID, or UE-group ID);
· Timing information;
· Indication on whether MR is triggered to operate;
· Other information to support additional functionality such as system information modification indication, paging information.
Proposal 4: Study different options for supporting synchronization using LP-WUS and potentially LP-SS.
· Option 1: LP-WUS supporting both synchronization and waking-up functionalities;
· Option 2: Each transmission instance including two parts: LP-SS for synchronization and LP-WUS for wake-up indication;
· Option 3: Two types of signals: LP-SS for synchronization and LP-WUS for wake-up indication.
Proposal 5: Study explicit and implicit triggering mechanisms for the LR, and potential confirmation message(s) from the MR to the gNB.
Proposal 6: Study DRX operation for the LR, wherein the DRX configuration can be provided to the UE by system information or dedicated RRC parameter.
Proposal 7: Study explicit and implicit triggering mechanisms for the MR, and potential confirmation message from the MR to the gNB.
Proposal 8: Study LP-WUS/LP-SS based RRM measurement by the LR, for both serving cell RRM measurement and neighboring cell RRM measurement.
Proposal 9: Study relaxation of RRM measurement requirement by the MR, such that the MR is not required to perform RRM measurement when it operates with low power.
R1-2301373_Apple.docx
Proposal 1: DRX operation (or periodic monitoring) of WUR should be prioritized in the LP WUS design.
Proposal 2: Synchronization signal, including periodic synchronization signal and the preamble before WUS, should be studied to support DRX operation of WUR.
Proposal 3: Both UE-specific and group-common WUS should be considered to be supported.
Proposal 4: The additional information carried for WUR should be avoided minimized.
Proposal 5: For RRM measurement with LP WUR:
· Existing RRM measurement requirements need to be relaxed.
· Send an LS to RAN4 to investigate the requirements relaxation
· The LS may also ask RAN4 to investigate the possibility of using WUR to perform RRM measurements.
Proposal 6: In addition to MC-OOK, MC-FSK and legacy OFDM-based signal, multi-tone WUS as proposed is also included for further study.
Proposal 7: Study the mechanisms to enable and disable LP WUS/WUR for a UE, including the following two options:
· Option 1: the UE determines whether to enable or disable WUS/WUR
· Option 2: gNB determines whether whether to enable or disable WUS/WUR for a UE based on UE report
Observation: Transmitting PRACH directly after receiving WUS may not be desirable due to the overhead associated with the false alarm.
Proposal 8: At least the following procedures should be studied for LP WUS/WUR for connected UEs:
· UE procedures for transitioning into and out of WUS monitoring
· The interaction with C-DRX, i.e., the procedures with or without C-DRX
· The interaction with other UE power saving features, such as R16 WUS, R17 PDCCH skipping, and R17 SSSS switching
· RLM procedures

R1-2301440_Qualcomm Incorporated.docx

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: The LP-WUS coverage shall strive to match the coverage of NR (e.g., NR paging PDCCH coverage).  
Proposal 2: RAN1 shall study the minimum amount of information conveyed by LP-WUS to support necessary functionalities, and the BW configuration for LP-WUS. 
Proposal 3: Study sequence design for LP-WUS for OOK-based waveform and CP-OFDM waveform, that can be detected by the LP-WUR with low complexity.
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 study how to configure LP-WUS with DRX.
Observation 8: A low-power synchronization signal (LP-SS) may need to be defined for supporting RRM measurement performed by LP-WUR.
Proposal 8: LP-WUR can support measurements and cell selection criteria evaluation only on the serving cell. How to balance between power saving and measurement complexity should be studied.
 R1-2301518_NTT DOCOMO, INC..docx

Proposal 1: Further study the monitoring mechanisms of LP-WUS with the following alternatives.
· Alt.1: Continuous LP-WUS monitoring
· Alt.2: Duty-cycled operation of LP-WUS monitoring 
Proposal 2: Study the flexibility of LP-WUS resource allocation taking into account balance with receiver complexity.
Proposal 3: The bandwidth of LP-WUS sequence should be assumed to be less than 20MHz.
Proposal 4: Further study the feasibility of RRM measurement in Ultra-deep sleep state.
Proposal 5: Further study the information carried by LP-WUS taking into account the following aspects.
· LP-WUS detection procedure
· LP-WUS structure (e.g. sequence-based, preamble+payload, etc.)
Proposal 6: Further study the mechanisms to switch power state between Ultra-deep sleep and other states.
Proposal 7: UE procedure for paging and Msg. 1-4 after LP-WUS reception should be further discussed.
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Observation 1	OOK WUS generation with single bit per OFDM symbol is straightforward with minimum impact on the OFDM transmitter.
Observation 2	Generation of OOK WUS with multiple bits per OFDM symbol using waveform fitting approach or DFT-based approach causes large fluctuation of power level of WUS subcarriers. These approaches result in more complex gNB implementation.
Based on the discussion in the previous sections we propose the following:
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	Consider the case of one (coded) bit per OFDM symbol as baseline for evaluation of OFDM based OOK waveforms.
Proposal 6	For OOK WUS generation with multiple bits per OFDM symbol using waveform fitting or DFT-based approach, study further the impact on gNB transmitter requirements and implementation complexity.
Proposal 7	Consider WUS with small payload (e.g., one bit or few bits) triggering legacy paging procedure as baseline for the study.
Proposal 8	Study RRM measurements by LP-WUR using existing OFDMA based signals (SSB).
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In this contribution, we have the following observations and proposals.
Proposal 1	Consider the following items that impact link performance: Adjacent Sub-Carrier interference (ASCI), Carrier Frequency Offset (CFO), multi-path channel (TDL-C), and AWGN after the LPF.
Proposal 2	Consider Manchester coding to simplify LPWUS demodulation.
Proposal 3	If LPWUS contains CRC, FAR can be <1% using an 8-bit checksum (CRC-8).
Proposal 4	If LPWUS contains no CRC, FAR <1% is achievable given a normalized cross-correlation threshold of 0.8 at a baseband SNR of -3.3dB with a 32 bits preamble of 4.32Mhz and 224kbps raw data rate.
Observation 1	CP addition and removal are needed at LPWUR to generate the reference preamble and decode the data payload.
Observation 2	LPWUR may not know whether LPWUS is carried by a long OFDM symbol with a longer CP duration (>7% overhead) or normal OFDM symbols (7% overhead) within a subframe.
Proposal 5	RAN1 to discuss whether and how to handle CP removals and addition.
Observation 3	The raw data rate of 224kbps can be achievable given the target MIL of 139.8 dB.
Observation 4	LPWUR cannot achieve the MIL of NR PDCCH for paging (given the raw data rate of 28kbps).
Proposal 6	For link performance of MC-OOK waveform, consider up to 8 bits transmitted per OFDM symbol (raw data rate of 224 kbps).
Proposal 7	The BW of one LPWUS is not greater than 5 MHz for FR1.
Proposal 8	The need for a guard band should be studied, at least considering the impact of ACS, Adjacent-Sub-Carrer Interference (ASCI), CFO, LPF, and data rates of LPWUS.
Proposal 9	Companies to discuss the simulation assumption for the feasibility study of RRM measurements, including LP-WUS packet structures, periodicities, and LP-WUS-based RSRP
Proposal 10	Consider LPWUS having a payload part for cell detection and measurement evaluation.
Proposal 11	Cell quality is determined by the RSRP measured upon the received payloads with the same cell ID
Proposal 12	Postpone the study on neighbouring cell RRM measurements are not considered until serving cell RRM measurement performance is confirmed
Proposal 13	Postpone relaxation of existing RRM measurement requirements until serving cell RRM measurement performance is confirmed

R1-2301638_Lenovo.docx
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 
Observation 1: Guard band is required when LP-WUR and MR are deployment in the same NR frequency bands
Proposal 3: Consider LP-WUS guard band size 1MHz and other values such as 2MHz are FFS
Proposal 4: Consider same BW for LP-WUS for idle, connected and inactive modes  
Proposal 5: Study various LP-WUR deployment options
· LP-WUR and MR are in the same NR frequency band 
· LP-WUR and MR are in different NR frequency band 
· LP-WUR deployed in the guard band
Proposal 6: Study if the Guard band is required when LP-WUR and MR are deployed in different frequency bands
Proposal 7: The procedure upon detecting WUS can consider the design complexity of the LP WUS (e.g., payload, coverage), latency effects and synchronization precision from LP-WUR.
Proposal 8: LP-WUR performs serving cell measurement from LP-SS while wakes up the MR for cell reselection 
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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]


 


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, 


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, su


ch as network power 


consumption, coexistence with 


non


-


low


-


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 su


mmarizes the discussions on L1 signal design and procedure for low power WUS in RAN1#112. 


 


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 at least to proposals and questions marked with 


FL


5
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Outcome


 


of discussion


 


 


High
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Proposal
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4


:


 


For M
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bit MC
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FSK generation study further the following options


 


·


 


Option FSK


-


1: 


N SCs of LP


-


WUS are separated to
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pairs of 


segments


 


with potential guard


-


bands in


-


between and around
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o


 


segment comprises 


one sub


-


carrier or multiple contiguous SCs


 


o


 


in a pair of segments one segment is modulated, other segment is zero power (from base


-


band point of view)
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Option FSK
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N SCs of LP


-


WUS are separated to


 


2^
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with potential guard
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bands in
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between and around


.
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one sub
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carrier or multiple contiguous 


SCs


 


o


 


one segment from 2^M segments is modulated, other segments of SCs are zero power 


(from base


-


band point of view)
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Option FSK


-


3: 


N SCs of LP


-


WUS are separated 


to


 


M+2


 


segments with potential guard


-


bands in


-


between and around


.


 


o


 


frequency segment comprises one sub


-


carrier or multiple contiguous SCs


 


o


 


each of M segments carries 1 bit, i.e. OOK, and additional 2 segments serves as 


reference, one is modulated the other is zero power (from base


-


band point of view).  


 


·


 


M >0


 


·


 


N >1


 


·


 


Study how to generate segment in time domain, e.g. OOK


-


1 or OOK


-
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·


 


Other options


 


are not precluded.


 


 


In addition
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FSK


-


3 can be captured capture by updat


ing previous OOK agreement


 


 


Agreement


 


For MC


-


ASK waveform generation, where K is size of iFFT of CP


-


OFDMA, N is number of SCs used by 


LP


-


WUS including potential guard


-


bands, study further 
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