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1. [bookmark: _Ref490222521]Introduction
In the RAN1#112 meeting [1], issues on LP-WUS design were discussed. Related agreements were captured as follows:
	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 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


According to the discussions, two aspects are further studied, including physical signal design and the corresponding procedure. In this contribution, our views on these aspects will be provided.
2. Physical signal design
2.1 Waveform generation 
1. 
2. 
2.1. 
Generation process
In the last meeting [2], MC-ASK (OOK) waveform is studied. 4 typical methods are proposed for the generation process, including single-bit OOK and M-bit OOK. To select the most appropriate generation method, detailed signal design such as modulated SCs or signal structure should be further discussed, and the performance of single-bit OOK or M-bit OOK needs to be compared respectively. Hence, corresponding signal designs are provided in this contribution.
For option OOK-1, single-bit in 1 OFDM symbol is provided, which is derived from IEEE 802.11ba [3]. To obtain a constant envelope waveform, the ZC sequence is selected to be mapped into the modulated SCs, and envelope detection is performed in the receiver to distinguish the waveform ‘ON’ and the waveform ‘OFF’. A bandpass filter is also configured on the target WUS signal bandwidth to reduce the noise impact and avoid potential interference from co-existing legacy NR signals or other WUSs. A typical option OOK-1 method can be described as follows:

      [image: ]
Figure 1. Illustration of option OOK-1 generation process                Figure 2. Waveform of option OOK-1
For option OOK-2, parallel M-bit OOK in the frequency domain is introduced, which can be referred to [4]. As mentioned, the bandwidth of LP-WUS will be divided into several segments, and each segment can be regarded as an option OOK-1 generation process. Therefore, option OOK-2 is a method of sacrificing bandwidth for chip rate. ZC sequence can be also utilized for the constant envelope waveform of each segment, and three amplitudes will be observed in the time domain waveform which represents ‘11’, ‘10/01’, and ‘00’ representatively in one OFDM symbol. To demodulate the OOK waveform, bandpass filter should be configured for each segment to perform envelope detection, otherwise the amplitude of ‘10’ and ‘01’ can not be distinguished. To avoid interference between each segment, guard band needs to be inserted between segments. A typical option OOK-2 method can be described as follows:

     [image: ]                                         
Figure 3 Illustration of option OOK-2 generation process               Figure 4 Waveform of option OOK-2
For option OOK-3, the single bit in each OFDM symbol is not occupied the whole bandwidth, but a few frequency subcarriers. The bandwidth of LP-WUS is also divided into several segments and only one subcarrier will be occupied in each segment to represent waveform ‘ON’, otherwise all subcarriers will not have input to represent waveform ‘OFF’. It can be regarded as a power and bandwidth saving option OOK-1 method since only part of the whole bandwidth is utilized, while demodulation performance is also degraded for the lower power. A bandpass filter is also configured on the target WUS signal bandwidth to reduce the noise impact and avoid potential interference from co-existing legacy NR signals or other WUSs. A typical option OOK-3 method can be described as follows:

  [image: ]
Figure 5 Illustration of option OOK-3 generation process                Figure 6 Waveform of option OOK-3
For option OOK-4, M-bit OOK can be transformed by DFT precoding and/or LS square, which is derived from [5]. The time domain waveform can be shaped by expanding the target information bit, i.e., [0 1] -> [ 0 0 0 0 … 0 0 1 1 1 1 …. 1 1], and an LS square pre-distortion is introduced to approach the ideal OOK waveform, truncation is performed accordingly. After OFDM modulation, the shape of the time domain LP-WUS signal will approach the ideal time domain OOK waveform. A bandpass filter is configured on the target WUS signal bandwidth to reduce the noise impact and avoid potential interference from co-existing legacy NR signals or other WUSs. A typical option OOK-4 method can be described as follows:
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Figure 7 Illustration of option OOK-4 generation process           Figure 8 Waveform of option OOK-4
2.2 Bandwidth
In previous meetings, the bandwidth size of LP-WUS has been discussed, max bandwidth in FR1 is limited by less than 5MHz or less than 20MHz. A larger bandwidth is able to increase robustness against narrowband interference and channel fading, and a longer sequence will allow higher signal power which can improve discrimination between waveform ‘ON’ and ‘OFF’. Hence, a larger signal bandwidth is beneficial for demodulation performance. 
[bookmark: OB1]Observation 1: Larger signal bandwidth is beneficial for demodulation performance.
However, spectrum efficiency will be decreased due to too much frequency resource utilized for LP-WUS signal with large bandwidth, and the deployment scenario is limited as well. To improve resource allocation flexibility and capacity of LP-WUS, smaller signal bandwidth should be considered. 
[bookmark: OB2]Observation 2: Smaller signal bandwidth should be considered for network deployment flexibility
The trade off between signal bandwidth and demodulation performance needs to be studied. In 802.11ba, only 4MHz channel bandwidth is utilized for the transmission of MC-OOK, which seems that LP-WUS bandwidth of less than 5MHz is enough. To find the appropriate bandwidth for LP-WUS, simulation performance is provided for different LP-WUS bandwidths.
For signal structure, 3 options for the synchronization signal are regarded as candidate solutions for timing correction, and the length of synchronization signal is still under discussion. Considering demodulation performance is the main focus of this section, option 1 is selected as our simulation assumption just for simplicity, and the synchronization signal length is assumed as 16 and 32 to obtain a better timing correction performance. In the receiver, envelope detection with comparator is assumed as the demodulation method. To reduce the power-consuming components, the sample rate should be lowered down, i.e., 3.84MHz. An order 2 bandpass filter is configured to reduce the noise impact and avoid the potential interference from the other legacy NR or other WUS signal, and the guard band is assumed as 2RB.
  [image: ]   [image: ]
Figure 9. Bandwidth with 16 length synchronization signal     Figure 10. Bandwidth with 32 length synchronization signal
Option OOK-1 is utilized to evaluate bandwidth performance. As observed in figure 9 and figure 10, the demodulation performance of the 1RB and 3RB bandwidths are both over 10dB, which is too worse due to their limited frequency resource, so bandwidth below 3RB is not appropriate for WUS transmission. For bandwidth over 6RB, the demodulation performance is around 6dB~8dB. The gap between these bandwidths seems acceptable, hence 6RB WUS bandwidth can be regarded as the starting point.
[bookmark: OB3]Observation 3: Demodulation performance over 6RB bandwidth no longer offers significant performance gain.
[bookmark: PP1]Proposal 1: 6RB WUS bandwidth can be regarded as the starting point.
2.3 Synchronization
In LP-WUS, since envelope detection is the main demodulation method, a low-accuracy clock is prioritized to lower the power consumption. However, timing performance is significantly affected with the introduction of the clock, demodulation performance will be degraded as well. To keep a precise synchronization performance, the synchronization sequence should be designed to detect the LP-WUS transmission reliably. 
3 options have been agreed upon as the candidate solution for signal structure in the last meeting, based on whether the synchronization sequence can be separated from the WUS signal or a combination of them. The separate periodic synchronization has benefit of lower complexity of the WUS signal, while risks of time shift between periodic synchronization sequence and the WUS signal may still exist, and the periodic signal increases network overhead. Considering WUS signal may not appear frequently in the network, and the transmitted information bit size of WUS signal may not be large, combining the synchronization signal with the WUS signal is an appropriate solution. Therefore, option 1 is prioritized as WUS signal structure.
[bookmark: OB4]Observation 4: Combining synchronization sequence with the WUS signal is an appropriate solution to improve timing accuracy and reduce network overhead.
[bookmark: PP2]Proposal 2: Option 1, i.e., aperiodic signal transmitted as part of LP-WUS, is prioritized as the WUS signal structure.
The content transmitted in the WUS signal should also be confirmed. Considering the function of waking up main radio when it works in idle/inactive mode, at least paging-related information should be carried in the WUS information part. Besides, the power-saving mechanism has been discussed in Rel-17, and per-group information is supported to reduce signaling overhead and provide more UE power-saving gain. Hence, UE group indication can also be carried in the LP-WUS. 
[bookmark: PP3]Proposal 3: UE paging indication or UE group paging indication can be carried in the information part of the WUS.
2.4 SCS between WUS and NR signals
In the last meeting, whether the SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions or different is agreed to be further studied. The larger subcarrier space used in the WUS symbol will shorten its time duration compared with the legacy NR symbol, and the chip rate will be increased due to more WUS chips can be carried in the time duration of one NR OFDM symbol. For example, if NR SCS is 30kHz and WUS SCS is 60kHz, a 56kbps chip rate can be assumed so that one chip per OFDM symbol is able to be performed, i.e., option OOK-1, and the time duration of WUS symbol is half of the NR OFDM symbol, hence it can be regarded as 2 chips carried in one NR OFDM symbol with 30KHz SCS. Since different subcarrier spaces are used for WUS signal, generation flexibility will also be improved.
[bookmark: OB5]Observation 5: Different SCS between WUS and NR signals can increase the chip rate of WUS signal and improve the generation flexibility. 
However, different SCS of WUS signal and legacy NR signal means at least two OFDM modulation processes should be performed, which will significantly increase the network overhead. And REs mapped for WUS signal need to be set as zero when NR signal is performed OFDM modulation process, as illustrated in figure 11, so the spectrum efficiency is also affected. Therefore, different SCS between WUS and NR signals causes huge impacts on the network, better to be deprioritized first.


Figure 11. Illustration of generation process with different SCS between WUS and NR
[bookmark: OB6]Observation 6: Different SCS between WUS and NR signals causes huge impacts on the network.
[bookmark: PP4]Proposal 4: Different SCS between WUS and NR signals is deprioritized.
3. Physical procedure
3 
3.1 Monitoring
In the last meeting, the monitor mechanism is also discussed. Two options are regarded as candidate solutions based on whether continuous monitoring is needed. Apparently, continuous monitoring is able to guarantee that the WUS signal can be always detected, while extra power consumption is caused in UE due to its consistent monitoring. For consideration of reducing extra power consumption, duty-cycled monitoring can be utilized. 
[bookmark: OB7]Observation 7: DRX operation can be utilized for LP-WUS monitoring.
Though duty-cycled monitoring mechanism is prioritized, DRX cycle should be reasonable enough so that all WUS signals can be detected, otherwise at least demodulation performance will be affected. To realize that target, the DRX cycle needs to be small and configurable and can be utilized when the main radio is in the sleep state.
[bookmark: OB8]Observation 8: DRX cycle needs to be small and configurable, and can be utilized when the main radio is in the sleep state.
[bookmark: PP5]Proposal 5: DRX operation can be prioritized in the monitor mechanism.
3.2 Network measurement and mobility.
Continuous measurement should be performed to confirm that UE is reachable to the NW in the idle/inactive mode, and measurement results should be reported as well when UE moves to another cell triggering handover, so measurement is essential for the LP-WUS mobility management. Legacy measurement procedure is based on SSB, where the signal quality of RSRP and RSRQ is measured to check whether the current cell can be camped or cell reselection will occur if the quality is below a certain threshold. If UE always needs to perform the measurement, main radio will be frequently triggered, which causes extra power consumption. To solve that problem, the measured signal can be attempted based on LP-WUS, such as the synchronization part. Then a threshold can be compared to determine whether the cell where the target waken-up WUR is located can be camped.
[bookmark: OB9]Observation 9: The synchronization part can be utilized as the measure signal for relaxed RRM measurement.
1. 
2. 
2.1. 
2.2. 
4. Conclusion
In this contribution, we discuss the LP-WUS design with physical signal design and the corresponding L1 procedures and potential functionalities, and have the following observations and proposals:
Observation 1: Larger signal bandwidth is beneficial for demodulation performance.
Observation 2: Smaller signal bandwidth should be considered for network deployment flexibility
Observation 3: Demodulation performance over 6RB bandwidth no longer offers significant performance gain.
Observation 4: Combining synchronization sequence with the WUS signal is an appropriate solution to improve timing accuracy and reduce network overhead.
Observation 5: Different SCS between WUS and NR signals can increase the chip rate of WUS signal and improve the generation flexibility. 
Observation 6: Different SCS between WUS and NR signals causes huge impacts on the network.
Observation 7: DRX operation can be utilized for LP-WUS monitoring.
Observation 8: DRX cycle needs to be small and configurable, and can be utilized when the main radio is in the sleep state.
Observation 9: The synchronization part can be utilized as the measure signal for relaxed RRM measurement.
Proposal 1: 6RB WUS bandwidth can be regarded as the starting point.
Proposal 2: Option 1, i.e., aperiodic signal transmitted as part of LP-WUS, is prioritized as the WUS signal structure.
Proposal 3: UE paging indication or UE group paging indication can be carried in the information part of the WUS.
Proposal 4: Different SCS between WUS and NR signals is deprioritized.
Proposal 5: DRX operation can be prioritized in the monitor mechanism.
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[bookmark: _GoBack]Appendix：Simulation assumptions
[bookmark: _Ref53480048]Table 1. Simulation assumptions for MC-OOK
	Attributes
	Assumptions

	MC-OOK method
	Option OOK-1 

	Carrier Frequency
	2GHz

	Channel structure
	Preamble +data +CRC: 16chips/32 chips+ 32 bits +8 CRC bits

	Coding
	1/2 rate Manchester coding (For information bits and CRC bits)

	Chip rate 
	28kbps

	SCS
	30kHz

	WUS BW
	1RB~0.6MHz, 3RB~1.1MHz, 6RB~2.5MHz, 9RB~3.8MHz, 12RB~5MHz

	Filter 
	2th Order Butterworth 

	Sampling Rate
	3.84MHz 

	Channel Model
	TDL-C 300ns
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