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1. [bookmark: _Ref490222521]Introduction
In the RAN1#113 meeting [1], issues on LP-WUS design were discussed. Related agreements were captured as follows:
	Agreement
· For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total 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
· 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, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required. 
· 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 
Agreement
The following observations are to be captured in the TR
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
· RRM measurements by LP-WUR, if supported 
· at least coarse time synchronization of LP-WUR. 
· at least coarse frequency synchronization of LP-WUR.
· Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
· For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
· Periodic LP-SS coverage should be equal or better than that of LP-WUS.
· For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.
Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content
· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
· FFS: Condition for relaxation if any
· Can apply for both neighboring and serving cell
· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Above MR measurement under certain conditions can apply for both neighboring and serving cell
· Potentially with relaxation methods for MR neighboring cell measurement 
· Other alternatives are not precluded
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR
Agreement
For waveform generation the following observations are made
· Flat spectrum in frequency domain provides robustness against frequency selective fading compared to concentrated energy in frequency domain.
· for OOK-4, sequence before DFT/LS with variation in phase via such as ZC, M-sequence or QAM sequence can achieve more flattened spectrum.
· Sequences(s) used in LP-WUS symbol generation with different pulse shape or spectral shape may have different performance. 
· Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches
Further discuss the following potential observations for waveform generation:
· When DFT is employed in OOK-4 (M>=2), -1/1 alternation in time or frequency shift in frequency domain may be needed to match CP-OFDM generation.
· Pre-storing of the generated frequency domain samples at gNB may reduce complexity of waveform generation at gNB with memory requirement depending on number of possible combination. This may be up to gNB implementation.
· FFS: For OOK and FSK, phase correction may be required to keep phase contiguous between symbols, discontinuity may causes power leakage and impacts demodulation performance.’]
· quantization of generated waveform in frequency domain to existing constellation (e.g. 64QAM) has low impact on performance and reduces complexity. This may be up to gNB implementation.
· Repetition of a sequence(s) used in LP-WUS generation in frequency can be used to improve diversity for MC-OOK and robustness against frequency offsets for MC-FSK.
Agreement
· Study the following techniques/mechanisms to enhance coverage performance of LP-WUS
· low complex channel coding 
· FEC
· spreading code in time domain
· time domain repetition 
· with combining before or after ED
· time-domain interleaving
· Note: Also Manchester coding can be considered as channel code     
· non-contiguous transmission in the frequency domain
· frequency domain repetition 
· frequency-hopping
· power-boosting
· transmit diversity
· study whether any above techniques could be transparent to UE.
Agreement
For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.
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
Agreement
· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded
· for evaluation 
· companies to report 
· assumption on MR sleep state when LP-WUR is monitoring LP-WUS
· deep sleep,
· light sleep, 
· micro sleep
· how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
· LP-WUS waveform
· In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
· other options are not precluded.
· 


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. 
2.1.1 Generation process
In the previous 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 and simulation results 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, a 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 detection 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:
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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
2.1.2 Further optimization process for OOK-4
Based on the proposed OOK-4 architecture [5], LP-WUS transmission and detection can be performed. However, the spectrum energy of such generation method is too concentrated, which means only a narrower part is effective in the actually allocated bandwidth and it is really sensitive to the fading channel. Assuming x is the frequency domain sampling point input and m is an OFDM symbol, b is the input time domain waveform sampling, N is the total time domain waveform sampling point size and L can be regarded as the number of REs. After DFT precoding or LS square optimization, the signal in the m-th OFDM symbol can be further expressed as:


If the time domain waveform is shaped by a few in-phase stacking sequences, i.e., using sampling points 1, 1, …,1 to represent the waveform ‘ON’, the frequency energy is distributed in the first few frequency domain samples, especially in the first sample where all superimposed elements are in the same phase. An amplitude-frequency response also illustrates the characteristic:
[image: ]
Figure 9 Amplitude frequency response for traditional OOK-option 4
That means, after the multi-path fading channel, the output signal in the m-th OFDM symbol can be further expanded as:


Apparently, most of the signal energy will be lost if H0 is exactly at the deep fading part of the channel, hence threshold effect will take place during the envelope detection process, and solutions should be studied. From this approach, we can identify that the scheme based on DFT precoding approximation is actually a bandwidth compression process, the main lobe of the frequency response should be reserved as much as possible and the side lobe needs to be cut off to reduce the occupied frequency resource as well as improve the spectrum efficiency. Considering there may be still some side lobe in a given bandwidth size of LP-WUS and the frequency spike problem still exists, an effective scheme which can be called ‘central part repetition’ is proposed to solve both problems. 
The scheme can be described from two aspects. First, we can disperse effective energy distribution. That is to say, we can generate more DFT precoding or LS square optimization inputs, reserve the main lobe and reduce the power of each main lobe to guarantee constant total energy and acquire frequency diversity. Meanwhile, we can also cut off the side lobe in the allocated bandwidth and replace them with the repeated main lobe generated in the first step. The process can be further described in the following steps:
Step 1: Generate a DFT precoding or LS square optimization input with bandwidth R


Step 2: Generate multiple DFT precoding or LS square optimization inputs based on frequency position


Step 3: Cut off the side lobe. For simply, we can assume the size of reserved main lobe is R/X.


Step 4: Sequential splicing. Since X segment is generated, the total bandwidth of splicing size is still R.


Figure 10 Generation process of the scheme ‘central part repetition’
Based on this scheme, there will be X frequency peak spread evenly over the allocated bandwidth, and the trade off between a single spike and too much side lobe is found, an example with a repeat number of 8 is shown in figure 11 and figure 12 (before multiplying with power factor which guarantees average EPRE of LP-WUS is the same as legacy NR signals). Unless the cut off position affects the main lobe, at least one main peak energy can be utilized to generate the time domain waveform and maintain an energy value that can be distinguished from noise. A more specific mathematical process of such a scheme can be referred to in Appendix B.
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Figure 11 AFR for the proposed scheme                   Figure 12 PSD for the proposed scheme
2.2 Evaluation results 
[bookmark: _GoBack]This section will provide basic simulation results, and some configurations and methodologies to be determined will be discussed below. Evaluation assumptions for section 2.2.1 are listed in Table 1.
As discussed in the last meeting, an aperiodic synch signal is recommended to be supported for better synchronization. Hence, a 32-length aperiodic preamble is added before the message part of the LP-WUS and utilized to reduce timing error. To decrease the impact of the false alarm rate, 8-bit CRC is added behind the message part of LP-WUS as well.
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. The corresponding order 2 bandpass filter is configured to reduce the noise impact and avoid the potential interference from the other legacy NR, other WUS signal or other segments of the target WUS signal, and the guard band is assumed as 2RB. 
2. 
2.3. 
2.2.1 Evaluation results with other OOK options
· 28kbps chip rate
28kbps chip rate means 1 chip per OFDM symbol, and 12RB is assumed as the bandwidth size of the LP-WUS. Considering option OOK-2 will fall back to option OOK-1 if only 1 bit per OFDM symbol is supported, option OOK-1, option OOK-3 and option OOK-4 are compared in this chip rate. 
[image: ]
[bookmark: _Ref134628401]Figure 13 Different 1bit OOK options in 28kbps chip rate
As observed in Figure 13, option OOK-4 has the best detection performance of all options, over 3dB better than option OOK-1. Since only 1 subcarrier is utilized for waveform generation of each segment, the power of option OOK-3 is much lower than option OOK-1, resulting in a gap of around 9dB observed in Figure 9. Therefore, option OOK-4 has the best detection performance and should be prioritized.
[bookmark: OB1]Observation 1: The performance of option OOK-4 has over 3dB gain than option OOK-1.
[bookmark: OB2]Observation 2: The performance of option OOK-3 has a 9dB gap compared with option OOK-1.
[bookmark: PP1]Proposal 1: Option OOK-4 can be prioritized for one-bit OOK options.
· 56kbps chip rate
56kbps chip rate means 2 chips per OFDM symbol, and 12RB is assumed as the bandwidth size of the LP-WUS. Only option OOK-2 and option OOK-4 support multi bits OOK waveform, and are compared under the assumption of 2 transmitted chips transmitted per OFDM symbol. For option OOK-2, 2 segments are assumed per OFDM symbol to achieve the target chip rate. To prevent segment interference for option OOK-2, a 4RB guard band is assumed between segments as the transition band of each bandpass filter, and the bandwidth of the segments is assumed 4RB each to modulate the OOK waveform.
[image: ]
[bookmark: _Ref134689180]Figure 14 Different 2bit OOK options in 56kbps chip rate
As observed in Figure 14, option OOK-4 has a better detection performance, around 10dB better than option OOK-2. Since the 4RB guard band has been utilized to mitigate the segment interference, only 4RB can be regarded as the actual signal bandwidth for each segment for option OOK-2, thus the performance is even worse than option OOK-1 with 4RB bandwidth. Considering indispensable guard band is unavoidable to reduce frequency resource utilization and detection performance, option OOK-4 should be prioritized for multi-bit OOK options.
[bookmark: OB3]Observation 3: The performance of option OOK-4 has around 10dB gain than option OOK-2.
[bookmark: PP2]Proposal 2: Option OOK-4 can be prioritized for multi-bit OOK options.
2.2.2 Evaluation results for the proposed scheme
In this section, the performance of the proposed scheme is shown. Assuming the repeat number is 8 and the cut off frequency position is 1/8 of the whole LP-WUS bandwidth. 4 types of chip rates including 28kbps, 56kbps, and 112kbps are all shown in the figure, and 4bit ADC and order 5 filter will be configured to guarantee the detection performance.
[image: ]
Figure 15 different rates for the proposed OOK-4 scheme
[bookmark: OB4]Observation 4: The proposed scheme ‘central part repetition’ has detection improvement for the OOK-option 4.
Meanwhile, other solutions are also provided to solve this problem, such as flattening the spectrum, a long sequence with the same amplitude but a different phase is utilized to lower down the single spike and flatten the main lobe, forming an effect of frequency spreading to improve deep channel fading. To find the more effective solution for the improvement scheme, a comparison of these schemes is also displayed in the following figure. For a fair comparison, the same bandwidth, total power, signal structure and receiver process are assumed, and 4bit ADC is assumed to guarantee that the detection performance is not affected. The detailed assumptions can be found in Table 2 of the Appendix.
[image: ]
Figure 16 performance comparison of different schemes of 28kbps
As displayed in Figure 16, the main proposed solutions are all have positive effects on the detection performance, at least 3dB performance gain can be observed from the alternative ‘1’ and ‘-1’ due to the 2-length cyclic shift lower down the high spike in the frequency domain. While the improvement effect is not enough due to only 2 phase being used in the all-one time domain waveform, the frequency spike still exist though the height is decreased, thus a longer cyclic shift is expected. Based on simulation results, the whole-length ZC sequence is able to have the max spectrum spreading effect and have the best detection performance, and the proposed scheme ‘central part repetition’ has a similar performance to the ZC sequence. Hence, the proposed scheme ‘central part repetition’ has the performance improvement effect for option OOK-4 and should be captured in the TR.
[bookmark: OB5]Observation 5: Both flatten the spectrum and central part repetition has significant detection improvement for the OOK-option 4.
[bookmark: PP3]Proposal 3: The scheme ‘central part repetition’ should be captured in the TR.
2.3 Bandwidth
2.4. 
In the last meetings, the bandwidth size of LP-WUS has been discussed, bandwidth size in FR1 is agreed to at least for less than 5MHz, and less than 20MHz will be supported if additional bandwidth is configured. Besides, coverage is also identified as a significant problem and should be guaranteed. Since a smaller bandwidth size reduces the total power of the WUS signal and affects the detection performance, configured LP-WUS bandwidth size should not be too small to degrade the coverage range. To seek an appropriate configuration, simulations with different bandwidths are provided.
   [image: ][image: ]
[bookmark: _Ref134977762][bookmark: _Ref134977742]Figure 17 4GHz order-5 filter with 28kbps chip rate       Figure 18 4GHz order-5 filter with 56kbps chip rate
Option OOK-4 is utilized to evaluate bandwidth performance and chip rates of 28kbps and 56kbps with 1-bit ADC are all displayed. As observed in Figure 14 and Figure 15, the detection performance of the 3RB bandwidth is above 9dB when bandwidth is less than 6RB, and the detection performance is around 3dB~6dB and 4~7dB respectively for bandwidth over 6RB. The performance gain will be reduced if chip rates increase. Based on the above simulation results, 6RB WUS bandwidth can be regarded as the lower limit of the LP-WUS configuration.
[bookmark: OB6]Observation 6: Detection performance over 6RB bandwidth has an acceptable performance gap, and narrowed with the increase of chip rates.
[bookmark: PP4]Proposal 4: 6RB can be regarded as the lower limit of the LP-WUS bandwidth configuration.
2.4 LP-WUS Structure 
2.5. 
2.4.1 Synchronization
In LP-WUS, since envelope detection is the main demodulation method, a low-accuracy clock is prioritized to lower the power consumption. However, with the introduction of the clock, timing performance will be affected and performance will be degraded due to its low-accuracy. Hence, a synchronization sequence should be designed and added before the LP-WUS transmission to keep a precise synchronization performance. 
3 options have been agreed upon as the candidate solution for signal structure in the previous meeting, based on whether the synchronization sequence can be separated from the WUS signal. The separate periodic synchronization has the benefit for lower the complexity of the WUS signal, but risks of time shift between periodic synchronization sequence and the WUS signal may still exist, and the network overhead is also increased due to its periodic transmission. To lower the network overhead, the aperiodic synchronization sequence added before the LP-WUS signal is enough, and the necessity of the period synchronization sequence is not essential.
[bookmark: PP5]Proposal 5: Aperiodic signal transmitted as part of LP-WUS is prioritized as the WUS signal structure.
[bookmark: PP6]Proposal 6: The necessity of the period synchronization sequence is not essential.
2.4.2 Message part structure
The structure of the message part for LP-WUS is also discussed in the last meeting, alternatives are formed to select the method to carry the LP-WUS information. Sequence detection/selection is a typical method for better detection performance, different cyclic shifts or scrambling IDs can be utilized to carry specific information. However, as discussed in the last meeting, the message part may include at least UE-ID, UE-group ID and sub-group ID information, with cell information and other system information to be further discussed, the designed sequence length must be long enough to carry such information, and detection complexity is increased with the length of the sequence. Hence, sequence detection will limit the information content carried in the message part, which is not appropriate to carry the LP-WUS information.
[bookmark: OB7]Observation 7: Sequence detection/selection is not appropriate to carry the LP-WUS information.
Based on the above information, encoded bits are more suitable to carry the information of LP-WUS. As discussed in the last meeting, Manchester coding can be utilized for better synchronization performance, and the code rate of 1/2 is typically configured as a starting point. Besides, to reduce the impact of the false alarm rate, CRC bits are better to be added behind the message part. Hence, encoding bits should be prioritized, and CRC bits can be added behind the message part.
[bookmark: PP7]Proposal 7: Support encoded bits with CRC check bits and encoded by 1/2 Manchester coding to carry the LP-WUS information.
2.4.3 Content in the message part
During the last few meetings, contents on the LP-WUS were heatedly discussed based on IDLE/INACTIVE mode and CONNECTED mode. For IDLE/INACTIVE mode, UE ID, UE group ID and subgroup ID are necessary information to wake up the target UE, while the cell information such as cell ID seems not essential. On the first hand, the SSB measurement process is able to obtain the PCI and the SIB information in the IDLE/INACTIVE mode by detecting the PSS, SSS and PBCH when MR is waken up, cell ID information and other system information can be acquired from such process. Besides, the coverage of the LP-WUS or maybe the possible LP-SS is the more significant metric, too much information carried in the LP-WUS/LP-SS will definitely result in a reduction of coverage range, as shown in our simulation results that a higher transmission rate degrades detection performance. Therefore, only UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents.
[bookmark: PP8]Proposal 8: UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents, and other system information should not be considered to avoid coverage range issues.
3. Physical procedure
3.1 Activation and deactivation of LP-WUS
3.1.1 IDLE/INACTIVE mode
During the last meeting, the LP-WUS monitoring mechanism is discussed and several potential options are listed, as referred to in the agreements listed above. In the alternative 1 option, gNB should keep transmitting legacy paging indication and LP-WUS, and UE behaviour for the LP-WUS monitoring is based on preconfigured criteria or UE implementation. Compared with preconfigured criteria, monitoring based on UE implementation has higher feasibility due to the more implementation freedom on the UE side. An Idle UE may not be able to monitor the LP-WUS and wake up the MR part as soon as possible based on some pre-configured criteria. When a UE is just open, the pre-configured criteria are not known by this UE at that time but it can receive the WUS signal, so whether it should be waken up or just stay idle state needs more discussion. Hence, LP-WUS monitoring based on UE implementation seems more feasible and can be prioritized for simply. 
[bookmark: OB8]Observation 8: LP-WUS monitoring based on UE implementation seems more feasible.
For alternative 2, gNB is able to obtain the monitoring state based on some signaling. In IDLE/INACTIVE mode, the possible received signaling is only paging or PEI, and the LP-WUS receiver cannot decode such PDCCH signals, so potential LP-WUS occasion should be associated with a paging or PEI occasion on the MR part if Alt 2 is performed, which may have a large spec impact on the paging signaling design and are not expected on the further normative work. Besides, it seems not sure whether the signaling is a UE specific signaling before UE converge to the Idle mode or just system information broadcasted in the cell, hence it is not known whether UE can perform LP-WUS monitoring immediately when it just opened and no former signaling can be referred to, or whether the monitor can be activated/deactivated by the system information, hence Alt 1a can be just prioritized for a feasible scheme under the limit TU.
[bookmark: PP9]Proposal 9: Alt 1a is preferred for the LP-WUS monitoring behavior.
3.1.2 CONNECTED mode
In the connected mode, LP-WUS monitoring is not as essential as it is in the IDLE/INACTIVE mode and is better to be deactivated as soon as possible. Consider the DRX monitoring mechanism may be performed in the MR part, and R16 DCP is utilized for notifying the power saving information outside DRX active time, some similar functionality can be further studied in the current stage. However, if the benefit of connected mode LP-WUS is not significant compared with a single R16 DCP, it should be deactivated since limited LP-WUS bandwidth frequency resources should be prioritized for IDLE/INACTIVE mode UE instead of connected UE.
[bookmark: PP10]Proposal 10: LP-WUS monitoring should be deactivated in the connected mode if power saving gain is not significant compared with the current R16 DCP mechanism.
3.2 Network measurement.
In the last meeting, RRM measurement offloading to the LP-WUR in the serving cell is recommended to be studied at the IDLE/INACTIVE mode. For lower power consumption, the WUS receiver is not as powerful as the NR legacy receiver, only some period reference signals can be received in the WUR. However, such reference signals must be of lower complexity so that they can be detected by WUR, hence only T/F synchronization and some measurement metric can be achieved, and cell selection and re-selection may be hard due to the lack of system information. Meanwhile, too much information carried in the reference signals will definitely lower the coverage range, so system information carried in the reference signals should be as less as possible. Therefore, RRM measurement should be still adopted mainly in the MR part. 
[bookmark: OB9]Observation 9: RRM measurement should be still adopted mainly in the MR part.
Though RRM measurement should be performed in the MR part, frequent triggering of the MR part is not expected due to the extra power consumption. 2 solutions are proposed for reducing the trigger frequency, which is RRM relaxation and only when reference signal(s) based measurements satisfy certain conditions. The main focus should be whether the measurement threshold of LP-WUR is reliable enough to trigger the MR part. If the reference signal is weak or the ability of WUR is not so powerful that the measurement results are not reliable, MR part will be still triggered most of the time as well, so the configuration of the threshold is essential. Consider the limit TU, confirming an appropriate threshold may not have enough time, hence relaxed periodicity of RRM relaxation can be prioritized for a more reliable and feasible scheme of power consumption reduction.
[bookmark: PP11]Proposal 11: Relaxed periodicity of RRM relaxation can be prioritized.
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: The performance of option OOK-4 has over 3dB gain than option OOK-1.
Observation 2: The performance of option OOK-3 has a 9dB gap compared with option OOK-1.
Observation 3: The performance of option OOK-4 has around 10dB gain than option OOK-2.
Observation 4: The proposed scheme ‘central part repetition’ has detection improvement for the OOK-option 4.
Observation 5: Both flatten the spectrum and central part repetition has significant detection improvement for the OOK-option 4.
Observation 6: Detection performance over 6RB bandwidth has an acceptable performance gap, and narrowed with the increase of chip rates.
Observation 7: Sequence detection/selection is not appropriate to carry the LP-WUS information.
Observation 8: LP-WUS monitoring based on UE implementation seems more feasible.
Observation 9: RRM measurement should be still adopted mainly in the MR part.
Proposal 1: Option OOK-4 can be prioritized for one-bit OOK options.
Proposal 2: Option OOK-4 can be prioritized for multi-bit OOK options.
Proposal 3: The scheme ‘central part repetition’ should be captured in the TR.
Proposal 4: 6RB can be regarded as the lower limit of the LP-WUS bandwidth configuration.
Proposal 5: Aperiodic signal transmitted as part of LP-WUS is prioritized as the WUS signal structure.
Proposal 6: The necessity of the period synchronization sequence is not essential.
Proposal 7: Support encoded bits with CRC check bits and encoded by 1/2 Manchester coding to carry the LP-WUS information.
 UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents, and other system information should not be considered to avoid coverage range issue.
Proposal 9: Alt 1a is preferred for the LP-WUS monitoring behavior.
Proposal 10: LP-WUS monitoring should be deactivated in the connected mode if power saving gain is not significant compared with the single R16 DCP mechanism.
Proposal 11: Relaxed periodicity of RRM relaxation can be prioritized.
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Appendix A：simulation assumptions
[bookmark: _Ref53480048]Table 1. Simulation assumptions for different OOK generation options comparison.
	Attributes
	Assumptions

	MC-OOK method
	Option OOK-1, Option OOK-2, Option OOK-3, Option OOK-4

	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, 56kbps

	SCS
	30kHz

	WUS BW
	12RB~4.32MHz

	Filter 
	2th Order Butterworth 

	Sampling Rate
	3.84MHz 

	Channel Model
	TDL-C 300ns

	Guardband 
	4RB between each segment of option OOK-2
2RB for others

	Comparator
	1bit 


Table 2. Simulation assumptions for option OOK-4.
	Attributes
	Assumptions

	MC-OOK method
	Option OOK-4

	Carrier Frequency
	4GHz

	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, 56kbps

	SCS
	30kHz

	WUS BW
	3RB~1.08MHz, 6RB~2.16MHz, 9RB~3.24MHz, 12RB~4.32MHz

	Filter 
	5th Order Butterworth 

	Sampling Rate
	3.84MHz 

	Channel Model
	TDL-C 300ns

	Guardband 
	2RB

	ADC bits
	1bit, 2bit, 4bit, 8bit, idle


Appendix B：Generation process of ‘central part repetition’
As we known, the transmission process can be divided into three parts, i.e., block generation, WUS sharing, and multi-carrier modulation. The reception process can also be divided into three parts, i.e., analog to digital transform, time synchronization, and envelope detection.
After LS square pre-distortion, the signal can be expressed as

where  is the  dimension Fourier inverse matrix. The original equation can also be simplified as

where  is a  dimension Fourier matrix.
More specifically, the signal in an OFDM symbol can be expressed as 
[image: ]
where , and L is the number of frequency input REs.
As mentioned in section 2.1.2, if  is exactly at the deep fading part of the channel, most of the signal energy will be lost, making it very difficult to distinguish between the input signal and Gaussian noise by envelope detection. In this way, we want to solve the problem from two aspects. 
1) We can disperse effective energy distribution. That is to say, we can increase more inputs and reduce the power of each input to guarantee constant total energy and acquire frequency diversity. 
2) We can also cut off the non-centralized part in the allocated bandwidth. In other words, the non-centralized part has little contribution to the waveform generation but occupies most of the bandwidth, such part can be replaced by more LS square pre-distortion inputs to get more frequency diversity gain and improve the detection performance.
Assuming  is the total allocated bandwidth of LP-WUS,  inputs are generated with different phase rotations in the Q segments and  is the starting position of the allocated bandwidth, three steps can be designed to achieve the scheme.
Step 1: Generate LS pre-distortion input based on bandwidth R. Since bandwidth is divided equally into Q segments, the number of LS pre-distortion inputs should be Q.
[image: ]
Step 2: Cut off the non-centralized part. Only the first  of each input will be reserved, and a power factor is also needed to guarantee constant total energy.
[image: ]
Step 3: Combining all the mapping segments to produce the final frequency domain mapping result. Since the size of each segment is , the total bandwidth size after combination mapping is still .
[image: ]
A power factor is also needed to guarantee average EPRE of LP-WUS is the same as legacy NR signals, and the SNR is calculated based on per RE level. Under this approach, frequency diversity is acquired by frequency repetition, guaranteeing that the time domain waveforms are still distinguishable enough to be judged by the comparator after the multipath fading.
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