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Introduction
As a Rel.18 SI [1], the Study on low-power Wake-up Signal (LP-WUS) and Receiver (LP-WUR) for NR begins from RAN1#111 meeting. The agreements achieved at RAN1#112 and #111 meeting are listed in the appendix.
In this contribution, we provide our views on LP-WUS design, related procedures, and some link level evaluation to check the link performance. This contribution is updated further from R1-2302392, with updated simulation assumptions and more simulation results.

Discussion
This section gives our views on the possible functionalities of LP-WUS beside the fundamental wake-up indication, and the potential impact to the LP-WUS design.

On coexistence with legacy system
LP-WUS needs to be operated within cellular frequencies and be as part of cellular deployment. We don't expect dedicated spectrum only for LP-WUS. To avoid the signal design mandating gNB hardware change is attractive for the smooth introduction of LP-WUS. Therefore, we propose following requirement.
Proposal 1: LP-WUS needs to co-exist with other NR signals. The signal design should not mandate gNB hardware change.
For the coverage of LP-WUS, to mandate re-planning of the cell layout makes the introduction of LP-WUS impossible or very difficult. 
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.
As LP-WUS is operated in the frequency reuse one cellular environment, some kind of randomization/scrambling is necessary to distinguish the cell. If not, the network needs to have the coordination of the time/frequency resource among cell.
Proposal 3: Study some kind of cell specific randomization/scrambling of LP-WUS.

On RRM measurement
RRM measurement contributes large portion power consumption at UE side. In Rel.16 and 17, this issue was handled by RRM measurement relaxation features for neighbouring cell measurement, which may be applicable for stationary UEs and also good SINR UEs. In principle, to meet the UE mobility requirement, RRM measurement needs to be performed as following:
· For RRC CONNECTED UEs, UE needs to perform RRM measurement for serving and neighbouring cells and report that following the configured measurement object. One of the key parameters impacting power consumption is the configuration of SMTC (SSB based measurement timing configuration), which specify the periodicity and duration that UE receiver needs to be active.
· For RRC IDLE/INACTIVE UEs, normally UE needs to wake up at least once per I-DRX cycle for serving cell measurement and paging monitoring. Depending on the result of that, neighbouring cell measurements may also need to be done.
Therefore, to keep the mobility functional, either LP-WUR or main radio needs to wake up periodically, e.g. once per I-DRX cycle in IDLE/INACTIVE mode. As a possible UE implementation, UE shall do all the measurement of SSB and detection of PEI and/or paging within as a short window as possible. So at least for RRC IDLE/INACTIVE UEs, the possible more power saving operations involving LP-WUS/WUR could be:
· Opt. 1: RRM measurement is based on SSB. Wake-up indication is based on LP-WUS using LP-WUR.
· Opt. 2: RRM measurement and wake-up indication are based on LP-WUS using LP-WUR.
· Opt. 2.1: Using LP-WUS for serving/camped cell measurement.
· Opt. 2.2: Using LP-WUS for both serving/camped cell and neighbouring cell measurement.
In our understanding, Opt. 1 could have less specification impact and standardization working load especially in RAN4, if LP-WUR is able to perform RRM measurement using SSB. However, if the measurement requirement is kept the same, it could be challenging for the LP-WUR architectures, considering the supported bandwidth needs to match that of SSB, better PA, oscillator and filtering, and more baseband processing capability.
On the other hand, Opt. 2 could be a good compromise to achieve sufficiently low power receiver by designing a more receiver friendly wake up signal. A bit concern could be, as listed by Opt. 2.1 and 2.2, that supporting cell identification for LP-WUS may add standardization workload, although it is not precluded in the SI scope. Thus our current view is:
Proposal 4: For power saving gain in realistic operation, LP-WUR/WUS should be used for RRM measurement at least for serving cell.
There was discussion whether LP-WUS is only to be supported in the cell center or to be supported including cell edge. If the LP-WUS is supported only in the cell center, the main receiver needs to wake-up for the measurement of the serving cell to check cell center or not. This increases the UE power consumption in total. In addition, in Rel.17 UE power saving, it was recognized that time/frequency tracking function is quite important for the UE power saving. As the UE side operation on the time/frequency tracking can reuse that of RRM measurement, we also propose LP-WUR/WUS also supports this function as following. Here, cell edge can be either noise or interference limited.
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.

Prioritization between RRC CONNECTED and IDLE/INACTIVE modes
Depending on the use cases and traffic types, RRC CONNECTED UEs may have relatively less chance to stay in deep sleep or ultra-low power mode using only LP-WUR, considering the RRM measurement, semi-statically configured transmission and receptions. The potentially long wake up latency for main receiver may possibly impact the service latency. On the other hand, normally a RRC IDLE/INACTIVE UE activities mainly include RRM measurement and paging monitoring, both of which can potentially be enhanced further by LP-WUR/WUS for lower power operation. For the rest of the time, it is more feasible to let UE stay in ultra-low mode, as the wake-up latency can be more easily handled by gNB with proper prediction and scheduling. Considering the limited time budget, we propose following. We are surely open to reuse the design to RRC CONNECTED later when the design and the limitation of LP-WUS is more clear.
Proposal 6: RRC IDLE/INACTIVE has higher priority in the study.

Link evaluations of LP-WUS design
Simulation assumptions
The evaluation assumption agreed in the previous meetings[2] are basically used and shown in Table.1.Some more specific explanation on the methodology and assumption are listed as follow:
· For OOK-2, illustration of subcarrier allocation with M=2 is shown in Figure. 1. We assume N is 24 PRBs (288 SCs with 15 kHz SCS) for LP-WUS bandwidth including potential guard-bands and that is further separated into M segments as shown in Figure.1. M is evaluated in 1/2/3/4/8 and the number of SCs for each segment is 288/144/96/72/36 SCs calculated by M/N. The guard-bands are placed on both side of the payload in each segment and the number of SCs for the payload is for 276/132/84/60/24 SCs calculated by (N/M – 2*N_GB). Here, N_GB is the number of SCs for a guard-band on one side and we set N_GB to 6SCs. In each segment, 1 bit is transmitted in all the subcarriers using a Zadoff-Chu (ZC) sequence by ON/OFF mapping. One block consists of 14 symbols. For each symbol, the detection assumes FAR = 0.1% for threshold setting.
 [image: ]
 Figure. 1 Illustration of Subcarrier allocation for OOK-2 and PDSCH 
in frequency domain as the case with M=2


· For FSK-1/2, illustration of subcarrier allocation with M=2 is shown in Figure. 2. In the evaluation, we assume the same values of N, M, and N_GB as that for OOK-2 and one block consists of 14 symbols. In FSK-1, N subcarriers is divided into 2*M segments and subcarriers for guard-band are placed at both ends inside the segment. Furthermore, every 2 segments of them are treated as a pair, and in each pair, 1 bit is transmitted using a ZC sequence by mapping either to the higher or lower segment in each symbol. In each pair, the detection for each symbol is performed by directly comparing the correlated peak value of the higher and lower segment to determine 0 or 1 is mapped to the symbol. In FSK-2, total number of subcarriers for LP-WUS N is further separated into 2^M segment. In each symbol, M bits are transmitted by mapping to subcarriers for payload in each segment corresponding to bit patterns of the ZC sequence (e.g. ‘00’ is mapping to segment #1 and ‘11’ is mapping to segment #4 in the case of M=2). At receiver side, the detection for each symbol is performed by directly comparing the correlated peak value of all segments to determine 0 or 1 is mapped to the symbol.
 [image: ] (a) The case of FSK-1			        		  (b) The case of FSK-2
Figure. 2 Illustration of Subcarrier allocation for FSK-1/2 and PDSCH
 in frequency domain as the case with M=2

· As an interference signal, we assume PDSCH mapped on whole system bandwidth other than resource used by LP-WUS including guard-bands. 
· TDL-C channel is used for both OOK-2 and FSK-1/2.
· ADC is not modelled and assume ideal.

Table. 1 Simulation Assumptions following agreements in RAN1#112
	Carrier Frequency
	2.6 GHz

	Waveform
	OOK-2, FSK-1/2

	Channel structure
	Zadoff-Chu (ZC) sequence: 14*M bits

	SCS of OFDM generator for NR signal
	same as LP-WUS signal

	Configuration for LP-WUS signal
	M=1/2/3/4/8 and SCSs = 15 kHz 

	WUS duration
	14 symbols

	MDR/FAR assumption
	For OOK-2, Focus on the false-alarm rate (FAR) to detect threshold
- FAR target: 0.1 % 
- determined across a reference time duration of multiple WUS trials

	gNB Channel BW 
	20 MHz

	LP-WUS BW
	4.32 MHz (24 RBs for 15 kHz SCS) including GB for LP-WUS transmission


	Filter 
	3-th Order Butterworth filter with Y MHz bandwidth
 - Y is same as BW for 1 segment of LP-WUS including GB

	Adjacent subcarrier interference
	PDSCH mapped on resources other than that for WUS and guard in Channel BW; band
EPRE of PDSCH is same with that of LP-WUS=ρ, where ρ=0 dB

	Sampling Rate
	30.72 Msps

	Channel Model
	TDL-C
- Delay spread: 300 ns
- UE velocity: 3 km/h



Performance comparison of OOK-2 and FSK-1/2 with ideal frequency and time synchronization
The elementary performances of each waveform with M are evaluated without any channel encoding and CRC. The results of OOK-2 are shown in Figure. 3 and the results of FSK-1/2 are shown in Figure. 4. 

    [image: ] (a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 3 The detection performance of BLER/BER in each OFDM symbol for OOK-2.
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    (a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 4-1 The detection performance of BLER/BER in each OFDM symbol for FSK-1/2.
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    (a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 4-2 The detection performance of BLER/BER in each OFDM symbol for FSK-1/2.
(FSK-2 is PSD boosted by SNR shift)


Based on evaluation results, we observed following points:
· In BLER evaluation of OOK-2, we see the floor in higher SNR region, due to the fixed threshold setting by FAR for each M used to correlation detection. FSK-1/2 does not have the issue of the floor and higher SNR performance is improved.
· Except for BER0-to-1 of OOK-2, we can observe BLER/BER getting worse for all waveforms along with larger M. This would be due to decrease of energy in frequency caused by reduction of subcarriers for LP-WUS in a segment. 
· Compared with OOK-2 that the FAR (BER 0-to-1) is maintained at 0.1% for all SNR and M, the performance of FSK-1/2 can be improved along with higher SNR, due to the nature of the different detection method which compares correlation values between lower and higher segments in FSK-1 or in all segments in FSK-2.
· Compared with Figure. 3 (c) and Figure. 4 (c) of BER of 1-to-0 in terms of same M, OOK-2 has better BER performance than FSK-1 and 2. With higher SNR, performance gain of OOK-2 become larger, as it utilizes wider bandwidth than FSK-1 and 2 in condition of same M. This brings more advantage than the FSK detection using direct comparison of correlation peak values.
· Regarding FSK, when M=1, FSK-2 has the same BLER/BER performance as FSK-1 because the segmentation is the same. However, along with larger M, the performances of FSK-2 get worse than FSK-1. This is because FSK-2 has more segments and uses fewer subcarriers than FSK-1 when LP-WUS bandwidth is same and the same number of bits are transmitted. 
· On the other hand, it is noted that for FSK-1, half of the resource is always modulated with transmission power, while only 1/2M of the resource for FSK-2 is modulated with power. Thus, under the same SINR, FSK-2 may underperform due to less utilized energy. As per the working assumption to align total energy of LP-WUS across the time/frequency resources, for fair comparison with the same energy between FSK-1 and FSK-2, it can be valid to utilize PSD boosting for FSK-2 to match to the same energy used for FSK-1
· The results are shown in Figure.4-2, which is achieved by shifting the FSK-2 curves towards the left by several dBs with corresponding power boosting, i.e. 
· FSK-2 with M=2 can be shifted towards left by 3dB to match the same energy used by FSK-1 with M=2.
· Similarly, FSK-2 with M=3 can be shifted towards left by 6dB to match the same energy used by FSK-1 with M=3.Also, FSK-2 with M=4 can be shifted towards left by 9dB to match the same energy used by FSK-1 with M=4.
· In Figure.4-2, the FSK-2 outperforms FSK-1 with PSD boosting, in the condition that same total energy across all time/frequency resources are aligned.
· In Figure. 4-1 and 4-2, the curve for " FSK-2, M=8" are not drawn due to the insufficient subcarrier resources in segmentation operation under the condition that bandwidth of LP-WUS is 24 PRBs. So, FSK-1 can has higher frequency utilization efficiency in terms of transmitting more data using the same bandwidth.

Therefore, the follow observations are drawn:
Observation 1: Both OOK-2 and FSK-1/2 based LP-WUS with small M can provide workable link performance under the used simulation assumption, at least with 24 PRB in 14 symbols.
Observation 2: When the value of M is high, in higher SNR, FSK-1/2 can provide better BLER performances than OOK-2 and FSK-1 has best performances among them because of the usage of relative comparison.
Observation 3: In higher SNR region, regardless of M, BER 1-to-0 of OOK-2 is better than that of FSK-1/2. This is because energy per 1 segment of OOK-2 is higher than FSK-1/2. 
Observation 4: Regarding FSK-1/2, FSK-1 has better BLER/BER performance frequency usage efficiency than FSK-2 without PSD boosting under the conditions of same transmit bits and LP-WUS resource overhead. When with PSD boosting, FSK-2 outperforms FSK-1, as per the working assumption to align total energy of LP-WUS across the time/frequency resources.

Performance comparison of OOK-2 and FSK-1/2 with carrier frequency error
In this section, the performance results with fixed carrier frequency offset (CFO) are shown without any channel coding and CRC. Also, setting for BPF such as filter order and passband width are same as described above regardless of values of CFO. The values for Oscillator max frequency error in Working Assumption of RAN1#112 are used as CFO parameters: {5, 10, 50, 200} ppm. At this time, specific values of Carrier Frequency Offset are {13,26,130,520} kHz in condition that SCS is 15 kHz and Carrier Frequency is 2.6 GHz. There values mean {0.87, 1.73, 8.67, 34.7} SCs offset is occurred at receiver side and the direction of the offset is positive on the frequency axis in Figure. 1 and 2. Figure. 5 to 7 shows BLER performances of M=1/2/4 respectively. In all results, "CFO=0" means the case without frequency offset and the same curves shown in Figure. 3 and 4.
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(a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 5 The detection performance for OOK-2 and FSK-1/2 with carrier frequency offset (M=1)
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(a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 6-1 The detection performance for OOK-2 and FSK-1/2 with carrier frequency offset (M=2)
[image: ]Figure. 6-2 The detection performance for OOK-2 and FSK-1/2 with carrier frequency offset (M=2)
(FSK-2 is power boosted by SNR shift)
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(a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 7-1 The detection performance for OOK-2 and FSK-1/2 with carrier frequency offset (M=4)
[image: ]Figure. 7-2 The detection performance for OOK-2 and FSK-1/2 with carrier frequency offset (M=4)
(FSK-2 is power boosted by SNR shift)


Based on evaluation results, we observed following:
· In all waveforms, BLER/BER performance gets worse in high SNR region with increasing CFO. It means accuracy of correlation detection by signal power can be affected by signal misalignment in frequency domain. Moreover, along with larger M, the frequency misalignment in each segmentation is has more impact on performance thus the amount of BLER/BER degradation is greater. 
· In BER 0-to-1, of OOK-2 gets worse with larger CFO rather than FSK-1/2. This is because carrier frequency error at receiver side causes “energy leak”/interference from adjacent PDSCH and other segments into the desired segment. Therefore, the energy in desired segment exceeds the threshold. So, BER 0-to-1 is likely to be worse than BER 1-to-0 in OOK-2. On the other hand, in FSK-1/2, the degradation of BER 0-to-1 with larger CFO is smaller than OOK-2, because the impact is less as there is no threshold used but direct correlation value comparison in detection of FSK.
· In all figures, excluding the case with CFO=200, degradation of BLER/BER of FSK is smaller than OOK-2. FSK-1 has best performance among them. Thus, when PSD boosting is not used by FSK-2, FSK-1 can be the most tolerant to frequency error in these 3 waveforms even when M is large.

Therefore, the follow observations are drawn:
Observation 5: OOK with fixed threshold is more susceptible to frequency errors than FSK.
Observation 6: If FSK-2 is without PSD boosting, FSK-1 has more tolerance to frequency error than FSK-2 and OOK in any value of M. When PSD boosting is used by FSK-2, FSK-2 can be more tolerant to frequency error.
Proposal 7: Target Oscillator max frequency error should be clearly defined and optimal design of filter passband and GB for it can be studied.

[bookmark: _Hlk132106435]Performance evaluation of Manchester coded OOK-2
In this section, the performance results of Manchester coded OOK-2 are shown with FSK-1 as a comparison. In this scheme, the raw bits are encoded by Manchester code with coding rate of 1/2, and coded bits are transmitted with OOK-2. At receiver side, received OFDM symbols are divided into multiple symbol pairs in each segment and coded bits are detected by comparing the correlated peak values of 1st symbol and 2nd symbol of each symbol pair without fixed threshold setting by FAR. Then the raw bits are further detected from decoded  bits pattern [3]. The results with carrier frequency error are also shown in Figure. 8 to 10. 
In all figures, result of FSK-1 with the same resource overhead as Manchester coded OOK-2 is shown (e.g., Manchester coded OOK-2 with M=2 and FSK-1 with M=1 are shown in the Figure.8, as the resource overhead to carry same number of raw bits is same for fair comparison).
[image: ] (a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 8 The detection performance of BLER/BER 
for Manchester coded OOK-2 with M=2 vs. FSK-1 with M=1.

[image: ] (a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 9 The detection performance of BLER/BER 
for Manchester coded OOK-2 with M=4 vs. FSK-1 with M=2.

[image: ] (a) BLER		 	     	(b) BER of 0-to-1 				(c) BER of 1-to-0
Figure. 10 The detection performance of BLER/BER 
for Manchester coded OOK-2 with M=8 vs. FSK-1 with M=4.

Based on evaluation results, we observed following:
· In Manchester coded OOK-2, the floor in BER 0-to-1 is not observed and BER 0-to-1 improves with higher SNR, because fixed threshold is not used for correlation detection. This is the difference from simple OOK-2 shown in Figure.3(b).
· In all figures, BLER/BER curves of Manchester coded OOK-2 are almost similar to those of FSK-1. In Manchester coded OOK-2, raw information bits are encoded with coding rate of 1/2 and coded bits are transmitted with twice transmission rate (=M) of FSK-1, which means the same number of information bits are transmitted by using the same energy between Manchester coded OOK-2 and FSK-1. Also, detection scheme of Manchester coded OOK is similar to FSK-1 without threshold. Thus, we can obtain similar performance with Manchester coded OOK as with FSK-1.
· When CFO is 50 or 200, Manchester coded OOK-2 has better performances than FSK-1. This trend is easier to be observed with larger M. All information bits are mapped in the frequency domain in FSK-1, but in Manchester coded OOK-2, Manchester encoding is equivalent to mapping information bits to time domain. Therefore, Manchester coded OOK-2 can be less affected by carrier frequency error than FSK-1 when same number of information bits are transmitted with the same transmission efficiency in them.

Therefore, the follow observation is drawn:
Observation 7: Manchester coded OOK-2 is more effective than FSK-1 to realize the same transmission efficiency with better BLER/BER performance in the case with larger carrier frequency error.

Conclusion
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: Target Oscillator max frequency error should be clearly defined and optimal design of filter passband and GB for it can be studied.
Observation 1: Both OOK-2 and FSK-1/2 based LP-WUS with small Mcan provide workable link performance under the used simulation assumption, at least with 24 PRB in 14 symbols.
Observation 2: When the value of M is high, in higher SNR, FSK-1/2 can provide better BLER performances than OOK-2 and FSK-1 has best performances among them because of the usage of relative comparison.
Observation 3: In higher SNR region, regardless of M, BER 1-to-0 of OOK-2 is better than that of FSK-1/2. This is because energy per 1 segment of OOK-2 is higher than FSK-1/2. 
Observation 4: Regarding FSK-1/2, FSK-1 has better BLER/BER performance frequency usage efficiency than FSK-2 without PSD boosting under the conditions of same transmit bits and LP-WUS resource overhead. When with PSD boosting, FSK-2 outperforms FSK-1, as per the working assumption to align total energy of LP-WUS across the time/frequency resources.
Observation 5: OOK with fixed threshold is more susceptible to frequency errors than FSK.
Observation 6: If FSK-2 is without PSD boosting, FSK-1 has more tolerance to frequency error than FSK-2 and OOK in any value of M. When PSD boosting is used by FSK-2, FSK-2 can be more tolerant to frequency error.
Observation 7: Manchester coded OOK-2 is more effective than FSK-1 to realize the same transmission efficiency with better BLER/BER performance in the case with larger carrier frequency error.
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Agreements from RAN1 #112 meeting
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)

[image: ]


· 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.

[image: ]


· 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

[image: ]

· 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

[image: ]
· 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]
· Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)

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

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 
· Other options are not precluded.



Agreement
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 in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 

Agreement
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 

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


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]
· 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
· 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.



Agreements from RAN1 #111 meeting
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
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