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Introduction
In RAN#97, study item in RP-222644 has been approved. In this contribution we focus on 
	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] 


Waveform
Waveforms
Waveform generation and gNB requirements
In RAN1#112b-e several OOK, FSK and CP-OFDMA waveform candidates have been agreed. And it has not been easy to agree on how to compare those. 
	Agreement
· When evaluating and/or comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms of LP-WUS at least
· raw information bit-size
· [time/frequency resources (including any guard bands), if applicable]
· [total energy of LP-WUS across the time/frequency resources]
· Working assumption: 
· Alt 1:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· time/frequency resources used for LP-WUS (including any guard bands)
· Alt 2:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· SNR is calculated as average EPRE divided by power of noise [and interference].
· Companies to report whether and how power pooling across and within MR OFDMA symbols is used.
· FFS: PAPR applicable to LP-WUS
· 
· FFS: false alarm probability/rate
· FFS: misdetection probability/rate
               are kept [comparable or fixed]. Study at least
· impact of timing error
· impact of frequency error
· impact of phase noise and I/Q imbalance, if applicable
· impact of ADC resolution and sampling rate
· impact of interference
· impact of delay spread
· impact of doppler spread
· Companies to report
· how they modelled SINR
· time/frequency resources (including any guard bands) for the scheme
· false alarm probability/rate and misdetection probability/rate
· receiver architecture type and its relative power consumption
· power consumption of the MR if false alarm probability/rate not fixed across MC-ASK, MC-FSK, and CP-OFDMA waveforms
· When comparing waveforms of LP-WUS, consider the impact to gNB for each of the waveform generation schemes. Consider whether there is impact to PAPR and a need for additional hardware for WUS.
Agreement 
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 methods with respect to 
· improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
· impact to dynamic range of RE power 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



It remains unclear how to handle waveforms causing power imbalance within and in-between OFDMA symbols. In other words, it is unclear whether it is allowed to pool power between SCs of a OFDMA symbols and pool power between OFDMA symbols, and how much. 
TS38.104 states:
The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (Pmax,c,AC or Pmax,c,TABC) for a specified reference condition. These seem to be defined for PDCCH and PDSCH, but e.g. not for SSB or CSI-RS. The intention is to limit co-channel interference level stable.
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The BS total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. gNB dynamic range of gNB should be at least as large as listed below.
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And finally, if gNB does not transmit, signal should be below -85dBm per 1MHz. 

There seems to be no direct requirement of variation of transmit power between OFDMA symbols. On the other hand, it is a known issue at the UE transmitter that changes power between symbols would result in phase discontinuity, if PA gain step changes. 

If OOK signal is transmitted alone, phase discontinuity does not matter. However, when LP-WUS transmission is accompanied with other UE PDSCH FD-multiplexed, this may become an issue, since PDSCH RE EPRE should be kept constant and whole symbol power kept constant at the same time is hard to full-fill. In this sense, FSK-1 or FSK-2 with two segments is clearly a better option, OFDM symbol power is kept constant. On the other hand, if OOK BW fills half of a carrier BW, the fluctuation of power is 3dB. With power pooling, the difference would be 6dB. Such fluctuation eats from total power dynamic range and may even cause phase distortion for the FDM-multiplexed PDSCH, even if PA gain step is kept fixed. Such, EVM requirements may not be met.

Observation-1: The SC imbalance requirements exist, however seem to be defined only for PDCCH and PDSCH currently.
Observation-2: The requirements for power pooling between OFDMA symbols seem not being defined, however, power pooling between OFDMA symbols may impose need for more strict requirements for dynamic range, and impose challenges to meet existing EVM requirements. 
Additional KPIs for waveform comparison 
	Higher-Proposal-22 Consider the following qualitative aspects in addition to agreed KPI in selection of waveform(s). For example
· possibility to generate waveform at gNB using existing hardware.
· FFS: capability to support flexible bitrate within fixed TF resource.
· Other aspects can be further discussed.



Possibility to generate waveform at gNB using existing hardware should be a decision factor for the selected waveform. It is hard to imagine, that operator would swap existing 5G hardware just to enable LP-WUS feature. This is essential for LP-WUS ever being deployed.

Support of flexible bitrate within configured LP-WUS resource does not need to be a property of a waveform. If LP-WUS is formed by encoded bits, then coding rate can be used to vary raw bits per TF resource. On the other hand, similarly as QAM modulation order, having possibility to increase number of coded bits per TF resource in certain scenarios may be of a benefit.

Proposal-1: Consider the following qualitative aspects in addition to agreed KPI in selection of waveform(s)
· possibility to generate waveform at gNB using existing hardware, this being a hard decision factor
· flexible bitrate within fixed TF resource, this being a benefit.

Mixed SCS
	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.
· O3: 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.



The controversial part has been mainly in O3. In our opinion, complexity will be increased, if gNB does not already support mixed SCS, and depending on implementation and size of GBs, performance may or may not be impacted. As pointed out by CATT, this case is not much different to having SC waveform FD-multiplexed with CP-OFDMA waveform.
Proposal-2: 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.
· O3: compared to gNB supporting a single SCS within the carrier, the case of LP-WUS SCS is different to SCS used for other NR transmissions will increase complexity at gNB, may require new hardware, pulse shaping, or additional guard bands, and may impact performance of legacy UE(s) due to spectral leakage.
Monitoring
	Agreement
Study further pros and cons of the following monitoring behaviours 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 




In our opinion, duty cycle is needed, not just to save power, but also to reduce FAR as much as possible. If probability of false-alarm is P per trial, with every attempt the probability of false alarm grows, as shown in Figure 1. Already within 50 attempts FAR grows from 0.1% to 5%. Overall, FAR can be further reduced if detection of preamble is followed by detection of LP-WUS data or other expected signal.  On the other hand, UE will need to search continuously during periodic occurring window, because time synchronisation may not be precise. However, shorter the monitoring window for LP-WUS is, smaller the overall FAR will be.


Figure 1 Probability of false in Xs trial
If slot structure is reused for configuration of monitoring occasions, those can be defined by start symbol and slot. On the other hand, as mentioned above, LP-WUR may not necessarily maintain symbol level synchronisation. Certain degree of continuous monitoring may be needed anyway, but can be left up to implementation. On the other hand, specification should define monitoring occasions within NR slot structure. 
Proposal-3: NR defines monitoring occasions for LP-WUS within NR slot structure. Discussion on details of monitoring occasions can be left to WI phase. 
Synchronization
	Agreement
Study synchronisation 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
Higher-Proposal:
At least for LP-WUR  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: whether can be used as reference signal(s) for RRM measurements as well and vice versa.
Note:  LP-WUR for OFDMA-based LP-WUS may also receive LP-SS.



One motivation for synch signal is to enable detection of serving cell presence, as further discussed in RRM section. Another motivation of LP-SS is to track and correct timing drift due to RTC instability, after the LP-WUR wake-up. Or to adjust frequency error of VCO, such as ring-oscillator. 
LP-SS would be a signal which is known, cell-specific and always present. An aperiodic signal cannot serve as a primary synchronization signal, because if no WUS is transmitted by gNB, UE’s timing may drift so that signal is never received. Surely if UE monitors continuously, there is no timing issue, but in this case FAR and power consumption may be a challenge.
Observation-3: Synchronization signal for LP-WUS is beneficial to ensure that LP-WUS can hear the camping cell and to correct timing and frequency offset when LP-WUR is ON. Such signal should be known to UE, cell-specific and always present. Option2 is a baseline.
It may be bit costly to carry information in LP-SS, however, certain randomization of LP-SS among cells is needed, i.e. LP-SS should be randomized by at least cell-ID. 
A periodicity of LP-SS should depend on the (in)stability of RTC clock which was agreed to be +-20ppm. This means 1ms timing error each 50 s. At the same time, a LP-WUR would wake-up once a second to keep latency low. For 1 symbol accuracy, LP-SS presence once 4 second would be sufficient.

And for RRM measurement of serving cell, once a 50s measurement may be sufficient, in case of low UE mobility. While it could be beneficial to have multiple measurements within short period, e.g. 250ms, to improve quality of measurement.

Observation-4:  LP-SS periodicity of 250ms may be needed, if serving cell RRM measurement by LP-WUR is supported.

In addition, an aperiodic preamble transmitted before LP-WUS data could help to correct frequency offset and AGC.

Content of LP-WUS
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.



In the past meetings companies discussed what should be information on which user(s) is/are targeted. The majority view has been that UE ID (39 bits per ID in Idle and 24bits in Inactive mode) would be infeasible to support due to low sensitivity of LP-WUS and/or enormous overhead to transmit such information. Based on initial results collected in [1], it may be observed that reasonable SNR around 0dB can be achieved only with low amount of bit with OOK/FFS waveforms, for more bits, OFDMA signal/receiver is needed. 

Proposal-4: For Idle/Inactive mode: if OOK or FSK waveform/receiver is used for LP-WUS, information on which user(s) is/are targeted by the LP-WUS, should be less than 10bits.

Cell information would be beneficial for ensuring integrity of the LP-WUS, but given the low information budget for LP-WUS, it could be also incorporated to preamble preceding LP-WUS. The SI and ETWS/CMAS information should be omitted due to low information budget. Those could be considered if OFDMA based signal is adopted as LP-WUS waveform.
Structure of LP-WUS
	Agreement
· Study further following alternatives to carry the LP-WUS information using: 
· Alt 1: by sequence(s) detection/selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without other bits (e.g. CRC/FCS)
· Other alternatives are not precluded
· Study whether LP-WUS information needs to be preceded by known one or more sequence(s).




For OOK, FSK receiver, a sequence should be preferably a binary sequence. m-Sequence of length L=31, 63 or 127 could be considered. One company in [1] has simulated m-Sequence, showing good performance. The simulated sequences were 31 chip long and 6 cyclic shifts could be used, by presence each carrying 1 bit. For CP-OFDMA however, ZC sequence should be an obvious choice.
Proposal-5: For sequence-based LP-WUS consider m-Sequence of length 31,63 or 127 chips.
In case of encoded bits, Manchester code is a strong candidate, being a ½ rate code with additional benefits:
· the power of the OOK symbols is independent of the payload 
· simplified detection, no threshold detection, only comparison 
Other candidates could be Walsh-Hadamard codes known from CDMA. However, complex decoding schemes (like polar) should be clearly avoided. 
Proposal-6: For LP-WUS with encoded bits, consider
· Manchester code
· Walsh codes
RRM measurement relaxations
	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)
Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements




R17 supports RRM measurement relaxations of up to 6-fold. Normally, a UE shall perform neighbor cell-search every DRX, or eDRX cycle, but with RRM measurements relaxations defined in R17, if e.g. static criterion is met, UE can perform neighbour-cell measurements only every 6th DRX/eDRX cycle instead. However, in LTE LPWA, RRM measurements are relaxed even further, up to once a 24h. In (industrial) IoT or measuring type of IoT, sensors are often placed on static object. There is almost 100% probability that after wake-up, UE finds the same cell.
Obsevation-5: For LP-WUS and MR overall power consumption reduction, there is a need to further relax RRM measurements.
Measurement metric
	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


Level of received power could be obtained from AGC. However, in our opinion ADC would be needed to ensure measurement precision. And for signal quality measurements ADC is essential. 
Each LP-WUR architecture will be able to determine whether serving cell signal is present or not. In other words, if LR can detect presence of e.g. LP-SS of the cell, it will hear also the corresponding LP-WUS. If UE does not hear LP-SS it will wake-up MR to perform RRM and re-selection.  
Furthermore, it is expected that coverage of LP-WUS will be smaller than that of the NR cell. Therefore, loss of LP-SS would happen before the cell is lost in MR. This is why we believe impact on mobility performance of MR should be insignificant. At the same time, LP-SS reception could be designed to be a margin better than that of LP-WUS, this making sure that also paging performance is not impacted.
Detection rate: LP-SS, if supported, could be a periodic signal repeated couple times a second (e.g. 250ms periodicity). A receiver should be capable, with reliability of 1% FAR and 1% MDR, determine whether LP-SS is present or not. If LP-SS would not be detected within 1 or 2 second period, WUR would wake-up MR to perform re-selection.
LP-RSRQ: the measurement resource of LP-RSRP and LP-RSSI is unclear, as well as scaler N. To obtain a meaningful measure of total power vs power of LP-SS, LP-RSRP should be measured only for ON durations, while LP-RSSI on both ON/OFF durations of LP-SS. After that, if there is same amount of ON and OFF durations, the LP-RSSI should be multiplied by two, to account for the fact that RSSI is averaged also over OFF durations. 
Figure 2 shows an example of LP-RSRQ. Assuming that there is no interference/noise. The LP-RSRP, as average power of ON durations would be 1. LP-RSSI, as average power over ON and OFF durations would be ½. But using N=1/2, the LP-RSRQ would result in 0dB. With increasing interference levels LP-RSRQ would become negative [in dB].
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Figure 2 Resource definition for OOK


Observation-6: Architectures without ADC may not be capable of measuring LP-RSRP and LP-RSRQ.
Observation-7: Every agreed receiver architecture will be capable to detect presence of LP-SS. 
Proposal-7: Detection rate is defined as number of detected LP-SS within a period T. 
RRM offloading and relaxation 
	Higher-Proposal-9:
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR and relaxation of RRM measurements in MR considering
· periodic reference signal(s) is/are used for measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, sequence based on LP-WUS-waveform (LP-SS)
· FFS: periodicity, content, e.g. cell ID in case SSB is not used
· MR performs measurements 
· Alt1: with relaxed periodicity if RRM measurement in MR is relaxed.
· Alt2: 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
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR


Contributions in RAN1#112b-e, showed several technical challenges to support offloading of RRM measurements of neighbor cells to LP-WUR. If neighbour cell measurements are supported by LP-WUR, it would need to support also re-selection, this increased complexity. Large specification effort in RAN4 is expected if neighbour cell measurements by LP-WUR would be supported. In addition, neighbour cell baring information, threshold information, would be required, resulting in MR wake-up to receive SSB and SIB. Carrying such info in LP-SS is hardly feasible. 
Proposal-8: RRM measurements offloading to LP-WUR for neighbour cell is deprioritised in the R18 study. Focus study on RRM measurements offloading to LP-WUR for the serving cell. 
Reference signal should be LP-SS, at least for non-coherent receivers. LP-SS can be used as well to maintain LP-WUR synch. Periodicity should be so that there are several occurrences of LP-SS within a second. Cell ID or other unique identifier should be used to randomize LP-SS.
Proposal-9: For non-coherent receivers, reference signal is LP-SS with several occurrences of LP-SS within a second. LP-SS is initialized by cell-ID to achieve randomization among cells.
Between Alt 1 and Alt 2, we prefer Alt2, because it provides a mechanism to reduce  frequency of RRM measurements performed by MR when mobility is low.
Higher layer aspects
For higher layer aspects it seems to be bit pre-mature to discuss and those would be most likely WI discussions anyway. In study item we could capture just some general statements. 
Proposal-10: From RAN1 point of view, LP-WUS monitoring can be activated at least via gNB, e.g., semi-statically and/or dynamically.
Proposal-11: Upon wake-up from ultra-deep-sleep support at least PO monitoring followed by legacy procedures
· decide whether to support dynamic PO, i.e. PO outside of regular paging frame to reduce latency
· decide whether to support LP-WUS monitoring is configured together with PEI monitoring. 
LP-WUS bandwidth
	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
LLS
Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4,8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs



When it comes to architectures using low power ring-oscillator, its precision could be somewhere at 200ppm. This creates uncertainty of LP-WUS location in baseband, IF band. At 4GHz this uncertainty already translates to 0.8MHz, while at 1GHz this is 0.2MHz. This determining the need for BW.   
LP-BW can be compensated to some degree by LP-WUS length in time, but frequency diversity is more available than time diversity in practice. And there is also a trade-off for latency. 

Finally, coexistence with legacy signals, here smaller the BW, better it can be accommodated within a carrier. In scenarios where 15kHz is used, carriers are typically narrow in lower FR1 spectrum, while 30kHz is used in wide carriers in upper FR1 spectrum.

Proposal-12: Consider LP-WUS BW size 12PRBs which would be 2.16MHz in 15kHz SCS and 4.32 in 30kHz SCS. Note this corresponds to Option 1 agreed in LLS.
Coverage
	Agreement
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· 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 
· At least 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.


The following techniques were under discussion in RAN1#112b-e:
· reducing payload size of LP-WUS 
· this is clearly the most effective technique to improve coverage, but low number of sub-groups may impact negatively power saving gain.
· power boosting
· this can be used, but there are limits on how much signal can be boosted, few dBs are available
· time domain solutions: repetition in time, interleaving in time
· time diversity is not available much in practice, especially for low mobility UEs channel quality does not change much in time.
· frequency domain solutions: repetition in frequency, frequency-hopping
· some dB available here, but power saving may suffer due to need for LP-WUR retuning 
· channel coding
· on expanse of overhead, this may improve coverage
· code domain solutions: CDM between LP-WUS
· CDM can improve capacity, but we are sceptic about this improving coverage from single UE point of view.
· increased number of receive antennas
· up to 3dB gain, but with increased complexity/cost.

If paging is sent through LP-WUS and also legacy PO, like in case of PEI feature, network does not need to know whether UE monitors legacy paging or LP-WUS. This is no different to PEI, when UE can autonomously decide whether to perform PEI first or PO only depending on whether PEI configuration is favorable for UE or not. The difference is that with LP-WUS there is e.g. 0.4s ramp-up time for MR, UE may not hear LP-WUS anymore, while MR being still deaf. 
Observation-8: Switching mechanism between WUR and MR monitoring can be left up to implementation, if paging reception gaps due to MR ramp-up can be tolerated. 
Conclusions 
In this contribution we discussed issues related to LP-WUS signal design and had observations and proposals:
Observation-1: The SC imbalance requirements exist, however seem to be defined only for PDCCH and PDSCH currently.

Observation-2: The requirements for power pooling between OFDMA symbols seem not being defined, however, power pooling between OFDMA symbols may impose need for more strict requirements for dynamic range, and impose challenges to meet existing EVM requirements. 

Proposal-1: Consider the following qualitative aspects in addition to agreed KPI in selection of waveform(s)
· possibility to generate waveform at gNB using existing hardware, this being a hard decision factor.
· flexible bitrate within fixed TF resource, this being a benefit.

Proposal-2: 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.
· O3: Compared to gNB supporting a single SCS within the carrier, the case of LP-WUS SCS is different to SCS used for other NR transmissions will increase complexity at gNB, may require new hardware, pulse shaping, or additional guard bands, and may impact performance of legacy UE(s) due to spectral leakage.

Proposal-3: NR defines monitoring occasions for LP-WUS within NR slot structure. Discussion on details of monitoring occasions can be left to WI phase. 
Observation-3: Synchronization signal for LP-WUS is beneficial to ensure that LP-WUS can hear the camping cell and to correct timing and frequency offset when LP-WUR is ON. Such signal should be known to UE, cell-specific and always present. Option2 is a baseline.
Observation-4:  LP-SS periodicity of 250ms may be needed, if serving cell RRM measurement by LP-WUR is supported.

Proposal-4: For Idle/Inactive mode: if OOK or FSK waveform/receiver is used for LP-WUS, information on which user(s) is/are targeted by the LP-WUS, should be less than 10bits.

Proposal-5: For sequence-based LP-WUS consider m-Sequence of length 31,63 or 127 chips.

Proposal-6: For LP-WUS with encoded bits, consider
· Manchester code
· Walsh codes
Obsevation-5: For LP-WUS and MR overall power consumption reduction, there is a need to further relax RRM measurements.
Observation-6: Architectures without ADC may not be capable of measuring LP-RSRP and LP-RSRQ.
Observation-7: Every agreed receiver architecture will be capable to detect presence of LP-SS. 
Proposal-7: Detection rate is defined as number of detected LP-SS within a period T. 
Proposal-8: RRM measurements offloading to LP-WUR for neighbour cell is deprioritised in the R18 study. Focus study on RRM measurements offloading to LP-WUR for the serving cell. 
Proposal-9: For non-coherent receivers, reference signal is LP-SS with several occurrences of LP-SS within a second. LP-SS is initialized by cell-ID to achieve randomization among cells.
Proposal-10: From RAN1 point of view, LP-WUS monitoring can be activated at least via gNB, e.g., semi-statically and/or dynamically.
Proposal-11: Upon wake-up from ultra-deep-sleep support at least PO monitoring followed by legacy procedures
· decide whether to support dynamic PO, i.e. PO outside of regular paging frame to reduce latency
· decide whether to support LP-WUS monitoring is configured together with PEI monitoring. 

Proposal-12: Consider LP-WUS BW size 12PRBs which would be 2.16MHz in 15kHz SCS and 4.32 in 30kHz SCS. Note this corresponds to Option 1 agreed in LLS.

Observation-8: Switching mechanism between WUR and MR monitoring can be left up to implementation, if paging reception gaps due to MR ramp-up can be tolerated. 
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1

  Introduction   In RAN #9 7 , study item  in  RP - 2226 44   has been approved .   In this contribution we focus on   

Study and evaluate wake - up signal designs to support wake - u p receivers [RAN1, RAN4]   Study and evaluate L1   procedures and higher layer   protocol c hanges needed to support the wake - up signals [RAN2,  RAN1]    

2

  Waveform   2.1   W aveforms   2.1.1   Waveform  generation and  gNB  requirements   In  RAN1#112b - e   several   OOK, FSK and CP - OFDMA  waveform   candidates   have been agreed.  And it has not been easy  to agree on how to compare   those.    

Agreement      When evaluating and/or comparing link performance of MC - ASK, MC - FSK, and CP - OFDMA waveforms of LP - WUS at  least   o   raw  information bit - size   o   [time/frequency resources (including any guard bands), if applicable]   o   [total energy of LP - WUS across the time/frequency resources]   o   Working assumption :       Alt 1:      average EPRE within the [time]/frequency resources used for LP - WUS  (including any  guard bands)      time/frequency resources used for LP - WUS (including any guard bands)      Alt 2:      average EPRE within the [time]/frequency resources used for LP - WUS (including any  guard bands)      SNR is calculated as average EPRE divided by power of  noise [and interference].      Companies to report whether and how power pooling across and within MR OFDMA symbols is used.      FFS: PAPR applicable to LP - WUS   o     o   FFS: false alarm probability/rate   o   FFS: misdetection probability/rate                                 are kept  [comparable or fixed]. Study at least   o   impact of timing error   o   impact of frequency error   o   impact of phase noise and I/Q imbalance, if applicable   o   impact of ADC resolution and sampling rate   o   impact of interference   o   impact of delay spread  

