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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 remaining proposals in RAN1#112b-e.  
Final check
Issue 1
FL: It has been pointed out that last FFS for “preamble” is not related to content. If we place FFS as separate bullet, this could resolve remaining concerns, potentially.  I believe we can find way-forward in GTW.
 FL5-Higher-Proposal-13:
· Study further following alternatives to carry the LP-WUS information using: 
· Alt 1: by sequence(s) selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without CRC/FCS
· Study whether LP-WUS information needs to be preceded by known one or more sequence(s).
Issue 2
FL:  Text seems rather stable, one company pointed out that decision could be left to WID. On the other hand, we would not need to use simulation assumptions as design assumptions anymore.  😊. I suggest to briefly discuss in GTW on this.  FFS could be removed, PRB alignment is definitely preferred for coexistence.
 FL5-Higher-Proposal-6
At least for IDLE/Inactive mode
·      at least one BW-size <=5MHz is recommended to be supported for FR1
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· FFS: LP-WUS size (including guard-bands) is an integer number of PRBs
 
Issue 3
FL:  It seems that some companies want “to additionally modulate” wording  and other keep original “to specify] .  gNB can always additionally modulate, unless generation is specified. This is why FL thinks original wording “to specify” is intentional and correct here.
PAPR, I feel only option is to keep FFS for now.
FL5-Higher-Proposal-1a: Study further methods to modulate input signal of the DFT/Least-Square block for OOK-4, and methods to modulate input signal of N SCs for other MC-ASK/FSK schemes
· study whether there is a need [to additionally modulate / to specify] input signal [or/and whether] it can be left up to gNB implementation
· study methods with respect to 
· improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
· impact to dynamic range in frequency domain
· FFS: impact to PAPR of generated time domain modulated MC-ASK/FSK symbol
· improving robustness to timing error necessary spectrum adjustment for compatibility with CP-OFDM generation

Issue 4
FL: If Ericsson and MTK can accept this version, otherwise move on to next proposal
FL5-Lower-Proposal-1b
Observation
For all studied waveform schemes, if different waveforms can be pre-generated and stored in the memory, the computational complexity at gNB [to generate / on FFT/IFFT processing of  ] different waveforms (FFS: or at LP-WUR to decode different waveforms) is expected to be the same.

Issue 5
FL: The list of techniques seems to be still controversial, suggest to remove all for now
FL5-Higher-Proposal-21a:
· Study techniques/mechanisms to enhance coverage performance of LP-WUS, in case enhancement is deemed needed [ focus at least on 
· reducing payload size of LP-WUS
· power boosting
· time domain solutions: repetition in time, interleaving in time
· frequency domain solutions: wider bandwidth, repetition in frequency, frequency-hopping
· channel coding
· FFS: code domain solutions: CDM between LP-WUSs
· FFS: increased number of receive antennas
· FFS: improved synchronization
· other techniques are not precluded]
· For above, study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS[coverage is insufficient / would be designed with coverage smaller than the coverage of NR] 
· Study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.

Issue 6
FL:  On mixed SCS. It is clear that observations can be taken only together “all three bullets”. We use mainly “may” in the observations on one side. On the other hand, FL opinion is that FL5-Lower-Proposal-1b cannot be applied here, since MR and LP-WUS FFTs would need to be performed separately.  This is why FL thinks that “will” is more appropriate.
FL5-Higher-Proposal-4
For a case of LP-WUS SCS is different to SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with LP-WUS transmission agree on the following observations.
· O1:  If higher data rate is expected to be supported, SCS of LP-WUS should be higher than SCS of NR transmissions in FR1.
· O2: NR specification supports FDM and TDM multiplexing of signals/channels generated with different SCS. It may be feasible from specification point of view to support the case.
· Alt1: 
· O3: The case may require additional guard-bands (with NR signals) due to spectral leakage. Spectral leakage can be alleviated partially by pulse shaping performed at gNB. Larger guard-band (with NR signals) will negatively impact spectral efficiency. Spectral leakage will negatively impact performance of legacy UEs.
· O4: complexity at gNB may increases and gNB may require new hardware.
· Alt2 (O3/O4): the case [may/ will] increase complexity at gNB and may require new hardware, pulse shaping, or additional guard bands, and may impact performance of legacy UE due to spectral leakage.
 
Issue 7
FL: Several companies indicated that they do not want to update previous agreement. Could be checked how many companies have issue with updating. At least LGE, VIVO, Apple, [Samsung] expressed concern.
 FL5-Higher-Proposal-24: Update the FSK agreement from RAN1#112
Agreement
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)
· M >0
· N >1
· Study how to generate segment in time domain, e.g. OOK-1 or OOK-4
· Study FSK with segment in time domain using OOK-4
· Other options are not precluded.
Note: N SCs of LP-WUS can be modulated to generate 2^M segments at BB of LP-WUR after self-mixing envelope detection.
Issue 8
FL:
@CATT: FL agree that ideal condition would be to have waveform details ready, but those may not be ready even at the end of SID.
@MTK: FL understand your motivation to reuse PSS, if possible.  You claim that PSS can be received by OOK receiver with 200ppm frequency error, if MR aids with assistance information. On the other hand, it may increase complexity of integration of WUR and MR, it may require retuning in LP-WUR. This may not be preferred implementation in the end.
 I would suggest remove architectures  and main bullet suggests that we need to still think whether there are such LP-WURs that cannot receive existing OFDMA-based signals
FL5-Higher-Proposal-11:
At least for LP-WUR architectures that cannot receive existing OFDMA-based NR signals for synchronization, at least periodic synchronization signal used by LP-WUR (LP-SS) is required. Study further
· required periodicity of LP-SS.
· waveform used for LP-SS, and whether it should be the same or can be different as used for LP-WUS, assuming that LP-WUR can receive both.
· structure of LP-SS
o   Alt1: sequence based only
o   Alt2: sequence + message with encoded bits
o   FFS: sequence
· supporting additionally aperiodic synch signal for fine synchronisation
· feasibility of time/frequency estimation/correction for different waveforms/receivers architectures
· [FFS: LP-SS transmission pattern, e.g. multiple transmissions of LP-SS within each period, e.g. DRX window, beam sweeping window]
· FFS: whether can be used as reference signal(s) for RRM measurements as well and vice versa.
· FFS: whether the support of receiving existing OFDMA-based NR signals can up to UE implementation
Note:  LP-WUR for OFDMA-based LP-WUS may also receive LP-SS.

Issue 9
FL can agree with CATT that ideally, we would have waveform first and only then define metrics. But do we have luxury of “serial processing”?  It was pointed out that we need to give some guidance to RAN4, before giving task to them. This would be something concrete. Even if not agreed, we need to think more how to define resource for measurement.  
Keeping FFS for LP-SINR or not could be checked in GTW, but also for legacy measures it is unclear how to define resource.
FL5-Higher-Proposal-10: (as Working assumption)
For at least RRM serving cell measurement performed by LP-WUR based on reference signals(s), RAN1 identified at least the following metrics for further study and evaluation
· LP-RSSI or Energy detection: linear average of received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· FFS: LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI 
· FFS: N, if any
· FFS: Detection rate of always ON periodic reference signal(s) and/or LP-WUS 
· FFS how to calculate/define detection rate
FFS: Feasibility of different receiver architectures to support the above metrics. e.g. need for ADC, AGC, with different reference signal(s).
Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence (LP-SS)
Note: The definition of metrics could be further refined based on future study

Issue 10
FL:  Here compromise is needed on priority between serving and neighbor cell relaxation study or not 
· CATT pointed out that further direction depends on whether coverage is balanced or unbalanced.  But even if unbalanced, there must be way to assess serving cell quality by LP-WUR, such that MR does not need to perform those instead.
FL5-Higher-Proposal-9:
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR and relaxation of RRM measurements of serving cell (neighbor cell with second priority) in MR considering
· periodic reference signal(s) is/are used for measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, [LP-WUS-waveform based sequence / sequence based on LP-WUS-waveform ] (LP-SS)
· FFS: periodicity, content, e.g. cell ID in case SSB is not used
· FFS: periodic reference signal(s) is/are cell dependent.
· MR performs serving cell and (neighbor cell with second priority) measurements 
· Alt1: with relaxed periodicity if RRM measurement in MR is relaxed.
· Alt2a: only when reference signal(s) based measurements 
· are below a threshold if RRM measurement is offloaded to LP-WUR. FFS threshold based on LP-WUS metric.
· Alt2b: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Note: the case where serving cell measurements are always performed by LP-WUR even if MR is ON, e.g. WUR and MR coverage is equal case, is not precluded.
· Other alternatives are not precluded
· Opt1: Note: RRM measurements of neighbor cells by LP-WUR is not precluded by this agreement and can be further studied.
· Opt2: FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR
Issue 11
FL5-Higher-Proposal-22 Consider the following qualitative aspects in addition to agreed KPI in selection of waveform(s). For example
· [feasibility/possibility] to generate waveform at gNB using existing hardware.
· FFS: capability to support flexible bitrate per within fixed TF resource.
· Other aspects can be further discussed.
· FFS: capability to be received with one or more the agreed receiver architectures e.g. energy detection and time domain correlation.
· FFS: complexity of reception of waveform.
· FFS: complexity of generation of waveform.
· FFS: feasibility to receive waveform using existing hardware (or at least part of the existing hardware).
· FFS: capability to support the agreed use cases, e.g., IoT, wearable, and eMBB in IDLE/INACTIVE and RRC CONNECTED.
· FFS: Capability to coexist with NR common signals such as SSB in NR bands of 5MHz.

Issue 12
FL4-Lower-Proposal-2b: To focus simulation effort further, focus on answering at least the following: 
· For each combination of waveform schemes and receiver architectures, the impact of timing and frequency error
· For waveforms using segments, for different segment sizes in time/frequency, impact of frequency-selectivity, inter symbol interference and [power boosting]
· What are sampling rate requirements and ADC dynamic range requirements for each waveform scheme.
· Performance with and without Manchester coding or other coding
· As function of in-band/out-of-band ACI and phase-noise, what size of guard-band (outside of LP-WUS). 
· In terms of frequency error, what guard-gap (between segments) is needed
· Impact of BW choice 
· Performance in presence of inter-cell interference
· RRM measurement accuracy by LP-WUR
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