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1. Introduction

In RAN #94 meeting, new study item on low-power Wake-up Signal and Receiver for NR was approved in [1] and the latest revision was approved in [2]. 

The study item includes the following objectives:

· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables

· Other use cases are not precluded

· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 

· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]

· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 
In RAN1 #111 meeting, regarding LP-WUS design the following agreements were made in [3]:

	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 [FFS : drop CP at transmitter)] 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 [FFS : drop CP at transmitter)] 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
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

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)


In this contribution, L1 signal design and related procedure for LP-WUS have been discussed.
2. Discussion
LP-WUS structure
According to objective of the new SID [2], low power is a primary feature of LP-WUS, thus it requires that LP-WUS structure should not be complicated in order to simplify the detection procedure at receiver side. Therefore, two simple structures of LP-WUS are given in Figure 1, including Alt 1 and Alt 2: 
Alt 1: LP-WUS consists of only preamble. 
Alt 2: LP-WUS consists of preamble and corresponding payload.
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Figure 1: Two alternative structures of LP-WUS
· Alt 1：Only preamble

For Alt 1, LP-WUS is just a sequence in time domain, which can be called a preamble. Once the UE detects the corresponding preamble, the UE will wake up. Generally, with waveform of ASK/OOK/FSK, it is very difficult to design large number of orthogonal sequences to be used as preamble. Even with OFDM-based waveform, 10bits information requires 1024 preambles also cause massive specification work. Thus the information can be carried via Alt1 is very limited.
For example, in addition to wake-up information, short UE group ID, system information modification and ETWS which have only several states can be possible to be carried by the preamble. Moreover, the preamble can also be used for RRM measurement and DL synchronization, and the accuracy of measurement and synchronization depends on the design of preamble.

Benefits:

(1) Low network resource overhead and large coverage;
Drawbacks:

(1) With waveform of ASK/OOK/FSK, it is very difficult to design large number of orthogonal preambles to be used as LP-WUS;

(2) Due to the limited number of sequences and UE groups, the UE power consumption increases due to false wake-up.
Observation 1: Regarding LP-WUS preamble generated by multiple ASK/OOK/FSK symbols, considering the limited number of preamble sequences, only limited information can be carried by preamble sequences.

Observation 2: Besides carrying essential information, the LP-WUS preamble can also be used for RRM measurement and DL synchronization.
Proposal 1: When LP-WUS is composed of only preamble, very limited information can be additionally carried by LP-WUS, such as
· Short UE group ID
· System information modification
· ETWS
· Alt 2：Preambles + Payload

Compared with Alt1, payload can be used for carrying much more essential information in Alt 2. For example, the following information can be considered including:

· UE ID or Group ID

It can be used to identify the waking up UE or UE group. Regarding UE ID, considering that in NR Paging a 48-bit long 5G-S-TMSI is used as UE ID carried in a Paging Record, thus a straightforward way is to reuse the same way of UE ID for LP-WUS. However, when multiple UEs are needed to be waked up, for the purpose of resource overhead saving, it is better to carry Group ID instead of multiple UE IDs. 

· Cell ID/Tracking area ID

Cell ID/Tracing area ID can also be carried in payload in order to distinguish the UE from neighboring cell or neighboring tracking area. 

· System information modification and ETWS
· Boundary flag

If thepayload size is variable and UE is not aware the exact size of payload when it monitors LP-WUS, a boundary flag is necessary to be carried in the payload to indicate the ending of payload.
Based on the above examples, we can see that there are a lot of information can be carried in payload and may be used for different scenarios. For example, UE ID is used for UE-specific wake-up procedure, Group ID is used for UE Group-specific wake-up procedure and system information modification/ETWS may be used for all the UEs who enable wake up procedure. So in order to make UE identify the information type to be decoded in the payload in advance, essential control information may also be carried in the payload, such as information type/size and data rate, which can help UE to decode the payload more quickly and have benefit of power saving.
Benefits:

(1) Simplify the design of preamble compared with Alt 1 since a large number of orthogonal preambles are not necessary;
(2) More essential information can be carried;
Drawbacks:

(1) Additional resource overhead for payload. Furthermore, the resource overhead may be much larger if simple encoding/decoding schemes is used for the transmission of payload;

(2) Detection performance of payload is worse than preamble and coverage may be limited. Some enhancement schemes may be introduced for the payload transmission in order to ensure the same coverage capacity with preamble.

Proposal 2: When LP-WUS is composed of preamble and payload, the following information can be considered to be carried in payload:

· Control information, such as payload type/size 
· UE ID or Group ID

· Cell ID/Tracking area ID

· System information modification and ETWS
· Boundary flag

Waveform Type A:MC-OOK

2.1.1. Waveform Type-A1: CP-OFDM based MC-OOK

For MC-OOK based waveform, a symbol generation structure is shown in Figure 2. In Figure 2, firstly the filling data, S={S0,S1,...,Sk-1}, passes a S/P converter and then fills on a predefined K subcarriers, thereafter a N-Point IFFT is implemented to generate a N-point sampling data in time domain, finally the sampling data passes a P/S converter and a CP is added to generate a MC-OOK symbol.
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Figure 2. CP-OFDM based MC-OOK generation structure
For NR DL in FR1, since the supported SCSs are small, such as15KHz and 30KHz, and considering that LP-WUS consisting of preamble and payload will occupy a quite large number of OOK symbols, duration of the LP-WUS in time domain will be excessively long when the OOK symbols are based on FR1 SCSs.

In Table 1, preliminary analysis is given on the duration of LP-WUS based on different configurations as shown below.

Configurations
· LP-WUS is composed of Preamble and Payload
· Preamble Length = 32 OOK symbols

· Payload Bits = 48bits for one UE ID or 48*32 bits for 32 UE IDs
· Coding = 2-bits or 4-bits Manchester coding

· SCS for OOK symbols = 30KHz

Table 1: LP-WUS duration in different configurations
	Case
	Preamble Length
	Payload Bits
	Coding
	Ratio of Preamble to Payload
	Total OOK symbol Num

	Time Duration in Unit of ms.

Note: CP is not considered

	1
	32
	48
	2
	0.333
	128
	4.27

	2
	32
	48
	4
	0.167
	224
	7.47

	3
	32
	1536
	2
	0.010
	3104
	103.47

	4
	32
	1536
	4
	0.005
	6176
	205.80


From Table 1, it can be seen that time duration of LP-WUS is in a range of [4.27, 205.80] ms depending on the configured of Payload bits and code rate. The time duration of LP-WUS is excessively long for large payload size and will cause the following side effect: 

(1) NW does not have enough resources in time domain to configure multiple LP-WUS transmissions;

(2) LP-WUS latency is prolonged since gNB needs to wait for a quite long time for the next LP-WUS transmission if LP-WUS is not transmitted in current occasion; 

Observation 3: For CP-OFDM based MC-OOK, if existing NR FR1 SCSs are used for MC-OOK based LP-WUS with large payload size, it will cause: 

· Excessively long duration for LP-WUS transmission;
· NW may not have enough resources in time domain to configure multiple LP-WUS transmissions;

· LP-WUS latency is prolonged.
2.1.2. Waveform Type-A2: DFT-s-OFDM based MC-OOK
For DFT-s-OFDM based MC-OOK, multiple OOK symbols can be transmitted in one OFDM symbol. An example of M MC-OOK symbols allocated in one OFDM symbol is shown in Figure3.
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Figure 3. An example of M MC-OOK symbols allocated in one CP-OFDM symbol
Moreover, the generation structure is shown in Figure 4.
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Figure 4. DFT-s-OFDM based MC-OOK generation structure
From Figure 3, we can see that there is only one CP added in front of M MC-OOK symbols, thus if timing synchronization cannot be guaranteed, the LP-WUS detection performance will be affected by ISI between adjacent MC-OOK symbols.

Observation 4: For DFT-s-OFDM based MC-OOK, only one CP is added in front of multiple MC-OOK symbols within one CP-OFDM symbol.

Observation 5: For DFT-s-OFDM based MC-OOK, if timing synchronization cannot be guaranteed, the LP-WUS detection performance will be affected by ISI between adjacent MC-OOK symbols.

2.1.3. Key factors affecting detection performance for Waveform Type A 

2.1.3.1. Spectral line

For payload of LP-WUS (if any), it can carry several types of information and can support much larger bit size. A preliminary PSD simulation for the payload is given in Figure 5, where both CP-OFDM based MC-OOK and DFT-s-OFDM based MC-OOK are used for carrying payload information. Detailed simulation assumptions can refer to Appendix A. 
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(a) PSD for CP-OFDM based MC-OOK               (b) PSD for DFT-s-OFDM based MC-OOK
Figure 5. PSD for two MC-OOK generation methods
It can be seen from Figure 5 that: 

· For the case of CP-OFDM based MC-OOK, when total power is 1W (30dBm), the maximum value of PSD is 16.2dBm in 3kHz band.
· For the case of DFT-s-OFDM based MC-OOK, when total power is 1W (30dBm), the maximum value of PDS is 21.9dBm in3 kHz band. 
From the PSD simulation result, we can see a strong spectral line problem. It will cause Tx power configuration become more complicated and the power amplifier cannot be fully utilized. 
Observation 6: Strong spectral line can be observed when MC-OOK based waveform is used for LP-WUS payload transmission.

Proposal 3: Study on how to mitigate the impact on strong spectral line should be considered for MC-OOK based LP-WUS payload transmission. 
2.1.3.2. Envelope detection modeling

From [4], it is known that in reality the Envelope Detector can be made with very simple and cheap components, such as one diode, one capacitor, and one resistor. However, it does suffer from some practical problems, such as Ripple & Peak clipping effects.
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Figure 6. Principe of envelop detection in reality
Therefore, when the PAPR of LP-WUS waveform is high, considering the impact on Ripple&Peak clipping effects of envelope detection, the Tx waveform cannot be accurately recovered through envelope detection, and thus the LP-WUS detection performance will be degraded.
Observation 7: High PAPR LP-WUS waveform has impact on envelope detection performance considering the problem of Ripple & Peak clipping effects for envelope in reality.
Based on the above analysis, it is very critical how to do envelope modeling in LLS which matches the envelope features in reality. For example, in matlab, there are at least three methods to model envelope as shown in Figure 7.
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Figure 7. Different envelop detection modeling in simulation

It can be seen that the three modeling methods are obviously different in terms of the envelope capture result. To facilitate the detection performance comparison with different LP-WUS waveform, a unified envelope modeling method that can capture the envelope features in reality should be specified in LLS.
Proposal 4: To facilitate the detection performance comparison with different LP-WUS waveform, a unified envelope modeling method that can capture the envelope features in reality should be specified in LLS.

Waveform type B: MC-FSK based waveform

Regarding MC-FSK, multiple frequency bands are supported and information are conveyed via the selected frequency band. Take 1-bit MC-FSK for example. Two different frequency bands, band 0 and band 1, can be used for MC-FSK transmission. If band 0 is used for MC-FSK transmission, which means bit “0” is transmitted. If band 1 is used for MC-FSK transmission, which means bit “1” is transmitted. 
Moreover, in each frequency band, multiple subcarriers are used to generate MC-FSK waveform. Considering that MC-OOK waveform also occupies multiple subcarriers, it is preferred to use MC-OOK waveform with bit “1” as MC-FSK waveform. That is to say, when MC-FSK is decided to be sent in one frequency band, MC-OOK waveform with bit “1” can be transmitted in this frequency band.

Proposal 5: For MC-FSK, the waveform transmitted on a frequency band can reuse the waveform of MC-OOK with bit “1”.
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Figure 8. MC-FSK reception architecture
From the receiver side, parallel OOK receivers and a comparator circuit can be used for MC-FSK receiver. Take 1-bit MC-FSK for example, the corresponding reception architecture is shown in Figure 8. The key component of this receiver is the two BPF which are used to filter the MC-FSK signal generated on frequency band 0 or band 1. In general, no matter the signal SMC-FSK(t) is a RF signal or IF signal converted by IF Mixer or BB signal converted by BB Mixer, the detection performance can be guaranteed as long as the filtering frequency band of the two BPF are properly selected. 

Proposal 6: For MC-FSK receiver, parallel OOK receivers and a comparator circuit can be used for MC-FSK receiver. 
RRM measurement

For NR UE, when in IDLE or INACTIVE mode, it should perform RRM measurement for both serving cell and neighboring cells.

· For RRM measurement of serving cell, the related procedure is specified in TS38.133, NR UE should perform at least one serving cell measurement during a DRX cycle. For RRM measurement of neighboring cell, measurement relaxation are specified for the UE that is not at cell edge and/or with low mobility and RedCap UE in Rel-16 and Rel-17. 

For Rel-18 LP-WUS in IDLE or INACTIVE mode, when the UE enters into LP-WUS mode, Main Radio is turned off for the purpose of power saving. However, following the existing NR specification, the UE should wake up at least once for serving cell measurement, thus the power consumption of Main Radio On/Off and RRM measurement will contribute the most part of the total UE power consumption when enabling LP-WUS. Obviously, this is contrary to the target of power saving of LP-WUS. 

Observation 8: For LP-WUS, if RRM measurement for serving cell is performed too frequently on Main Radio, the power consumption of Main Radio On/Off and RRM measurement will contribute the most part of the total UE power consumption when enabling LP-WUS.
Proposal 7: Legacy RRM measurement should be relaxed to achieve UE power saving gain.

There are some options to relax the legacy RRM measurement.

· Option 1: Measurement cycle for legacy RRM measurement is further relaxed.

· Option 2: Measurement cycle for legacy RRM measurement is further relaxed and WUR-based measurement is performed
· Option 3: NO WUR-based RRM measurement and NO legacy RRM measurement before MR wake-up. 
· Option 4: WUR based measurement is performed and no legacy RRM measurement before MR wake-up.

For option 1, whether further measurement relaxing could be performed also depends on RAN4 requirements.
For option 2, it also depends on RAN4 requirements. Additionally, the UE behavior after measurement is based on legacy measurement results or based on WUR-based measurement results need to be considered. 

For option 3, for the stationary UE, e.g., industrial sensors, it could be a potential method to save power. If the FAR is high, the false alarm wake-up also bring some measurement results.

For option 4, it has been agreed to be studied. For this option, there are two sub-options for measurement. The first is based on periodic preamble transmission, e.g., LP-SS. Another is based on aperiodic preamble transmission which is guaranteed to be transmitted by gNB in a time duration

Proposal 8: Study the following relaxed RRM measurement options
· Option 1: Measurement cycle for legacy RRM measurement is further relaxed.

· Option 2: Measurement cycle for legacy RRM measurement is further relaxed and WUR-based measurement is performed
· Option 3: NO WUR-based RRM measurement and NO legacy RRM measurement before MR wake-up. 
· Option 4: WUR based measurement is performed and no legacy RRM measurement before MR wake-up.
· Option 4-1: based on periodic preamble, e.g., LP-SS

· Option 4-2: based on aperiodic preamble, e.g., a preamble transmitted in a time duration. 
For neighboring cell RRM measurement, UE can decide whether to perform neighboring cell measurement based on the serving cell measurement quality after Main Radio is turned on. In addition, neighboring cell measurement relaxation mechanism for Rel-17 RedCap can be reused for Rel-18 LP-WUS.
Proposal 9: For neighboring cell RRM measurement, it is suggested to be perform after Main Radio is turned on.

· Whether to perform neighboring cell measurement can be decided based on serving cell RRM measurement quality.
· Neighboring cell measurement relaxation mechanism for Rel-17 RedCap can be reused for Rel-18 LP-WUS.
DL synchronization

In order to achieve the target of saving power, when UE enters LP-WUS mode, the main radio is turned off and the LP-WUS receiver is turned on. Since the low-power and small form-factor devices are the primary target for the design of LP-WUS receiver, thus the components (hardware and software) of the receiver should be of low complexity.

In order to maintain the work of LP-WUS receiver, a new low-complexity time clock is necessary for the receiver. For example, a ring oscillator with lower cost and lower power consumption can be used to generate a clock signal for LP-WUS receiver. Considering its poor jitter performance, the timing accuracy is worse than crystal oscillator. A large frequency drift will be caused for LP-WUS receiver.

For LP-WUS receiver, if the monitoring mechanism is “Always On” which means the receiver will keep detecting the LP-WUS continuously while the UE enters LP-WUS mode. And timing offset caused by frequency drift of time clock may not seriously degrade LP-WUS detection performance since the detection is made at every sampling time. 

For LP-WUS receiver, if the monitoring mechanism is “Periodic on-off” which means the receiver will detect LP-WUS periodically. Timing offset caused by frequency drift of time clock may seriously degrade the LP-WUS detection performance especially when the timing offset is larger than the configured time window. 

Observation 9: For LP-WUS receiver, if the monitoring mechanism is “Always On”, the problem of DL asynchronization may not seriously degrade the LP-WUS detection performance.

Observation 10: For LP-WUS receiver, if the monitoring mechanism is “Periodic on-off”, the problem of DL asynchronization may seriously degrade the LP-WUS detection performance.
Proposal 10: For LP-WUS receiver, frequency drift caused by monitoring mechanism, i.e. always-on or periodic on-off, and the LP-WUS detection performance should be further studied.

Multiplexing schemes

In general, TDM/FDM can be used for supporting multiple LP-WUS transmission.

For FDM scheme, from perspective of gNB, the PAPR of DL output signal will be seriously impacted if FDMed LP-WUS is supported. From perspective of LP-WUS receiver, since LPF/BPF is used before envelope detection, there is tiny impact on LP-WUS detection performance. Furthermore, FDM scheme is applicable to the scenarios with a large number of UEs requiring LP-WUS. In addition, the design of guardband between adjacent LP-WUS should also be carefully studied.

Observation 11: From perspective of gNB, PAPR of DL output signal will be impacted if FDM is supported for LP-WUS transmission.

For TDM scheme, if monitoring mechanism of “Always On” as defined in section 2.3 is used for LP-WUS detection, false alarm rate may be increased since LP-WUS receiver in target cell may receive LP-WUS from neighboring cells by false detection. Another monitoring mechanism of “Periodic on-off” may avoid the above problem by appropriate LP-WUS resource allocation between target cell and neighboring cells. 

In addition, for TDM scheme, the latency is larger than FDM since the LP-WUS resource in time domain should be allocated for multiple cells. However, considering the primary use case includes IoT and wearable, the larger latency may not be a serious problem. Moreover, the traffic arrival is always TDM-ed. Therefore, for LP-WUS multiplexing scheme, if supported, TDM can be treated as baseline.

Proposal 11: For LP-WUS multiplexing scheme, TDM can be treated as a baseline and FDM can be further studied.

Proposal 12: For LP-WUS receiver, the following monitoring mechanisms could be treated as candidates for LP-WUS detection

· Always On. The LP-WUR continuously detects the LP-WUS 

· Periodic on-off. The LP-WUR discontinuously detects the LP-WUS with duty cycle.

Related LP-WUS Procedure

Besides the waveform design, related L1 or L2 procedures also need to be considered. For LP-WUS, it is natural to discuss how to activate/deactivate the LP-WUS mode, and potential UE procedure during LP-WUS mode also needs to be considered. 

· Activate/deactivate the LP-WUS mode

(1) By gNB signaling. 

The LP-WUS mode can be activated/deactivated by gNB signaling. For example, via the SIB broadcasting, the UE can be indicated that whether/how the UE can enter into the LP-WUS mode.

(2) Triggered by implicit conditions 

The conditions can be RRM measurement quality. For example, when the RRM measurement results is larger than a threshold, the UE may activate/deactivate the LP-WUS mode.

Proposal 13: Consider how to activate/deactivate the LP-WUS mode.
· Whether to receive LP-WUS when MR-on in connected mode 

After the MR wake up by LP-WUS, it seems the WUR can be turned off to save power. However, once the WUR is turned off, how to enable the WUR to keep monitoring needs to be discussed. For example, when MR decides to sleep, the MR sends the message to the WUR indicating that the WUR needs to keep monitoring.

If the WUR keeps monitoring, once the WUR receives another wake-up indication, how the UE response? Is it possible for the UE to sleep according to the wake-up indication or just ignore this? If another LP-WUS is ignored, there is no need to keep monitoring the LP-WUS.

Proposal 14: Discuss whether to continue to monitor the LP-WUS and corresponding UE behavior when MR is on after detecting LP-WUS.

· Procedures when LP-WUS is missed

In connected mode, when LP-WUS is missed, the gNB can confirm that if the gNB does not receive the PUCCH for ACK/NACK. In this case, the delay would be a little bit large.

In idle mode, when LP-WUS is missed, the gNB cannot confirm that before UE connects to the network. If the WUR cannot detect the LP-WUS for a long time, the UE may need to wake up to make sure that it is still in this cell.

Proposal 15: Discuss the procedures when the LP-WUS is missing.
3. Conclusions

In this contribution, we have discussed issues on L1 signal design and related procedure for LP-WUS. We make the following observations and proposals:

Observation 1: Regarding LP-WUS preamble generated by multiple ASK/OOK/FSK symbols, considering the limited number of preamble sequences, only limited information can be carried by preamble sequences.

Observation 2: Besides carrying essential information, the LP-WUS preamble can also be used for RRM measurement and DL synchronization.
Observation 3: For CP-OFDM based MC-OOK, if existing NR FR1 SCSs are used for MC-OOK based LP-WUS with large payload size, it will cause: 

· Excessively long duration for LP-WUS transmission;
· NW may not have enough resources in time domain to configure multiple LP-WUS transmissions;

· LP-WUS latency is prolonged.
Observation 4: For DFT-s-OFDM based MC-OOK, only one CP is added in front of multiple MC-OOK symbols within one CP-OFDM symbol.

Observation 5: For DFT-s-OFDM based MC-OOK, if timing synchronization cannot be guaranteed, the LP-WUS detection performance will be affected by ISI between adjacent MC-OOK symbols.

Observation 6: Strong spectral line can be observed when MC-OOK based waveform is used for LP-WUS payload transmission.

Observation 7: High PAPR LP-WUS waveform has impact on envelope detection performance considering the problem of Ripple & Peak clipping effects for envelope in reality.
Observation 8: For LP-WUS, if RRM measurement for serving cell is performed too frequently on Main Radio, the power consumption of Main Radio On/Off and RRM measurement will contribute the most part of the total UE power consumption when enabling LP-WUS.
Observation 9: For LP-WUS receiver, if the monitoring mechanism is “Always On”, the problem of DL asynchronization may not seriously degrade the LP-WUS detection performance.

Observation 10: For LP-WUS receiver, if the monitoring mechanism is “Periodic on-off”, the problem of DL asynchronization may seriously degrade the LP-WUS detection performance.
Observation 11: From perspective of gNB, PAPR of DL output signal will be impacted if FDM is supported for LP-WUS transmission.

Proposal 1: When LP-WUS is composed of only preamble, very limited information can be additionally carried by LP-WUS, such as
· Short UE group ID
· System information modification
· ETWS
Proposal 2: When LP-WUS is composed of preamble and payload, the following information can be considered to be carried in payload:

· Control information, such as payload type/size 
· UE ID or Group ID

· Cell ID/Tracking area ID

· System information modification and ETWS
· Boundary flag

Proposal 3: Study on how to mitigate the impact on strong spectral line should be considered for MC-OOK based LP-WUS payload transmission. 
Proposal 4: To facilitate the detection performance comparison with different LP-WUS waveform, a unified envelope modeling method that can capture the envelope features in reality should be specified in LLS.

Proposal 5: For MC-FSK, the waveform transmitted on a frequency band can reuse the waveform of MC-OOK with bit “1”.
Proposal 6: For MC-FSK receiver, parallel OOK receivers and a comparator circuit can be used for MC-FSK receiver. 
Proposal 7: Legacy RRM measurement should be relaxed to achieve UE power saving gain.

Proposal 8: Study the following relaxed RRM measurement options
· Option 1: Measurement cycle for legacy RRM measurement is further relaxed.

· Option 2: Measurement cycle for legacy RRM measurement is further relaxed and WUR-based measurement is performed
· Option 3: NO WUR-based RRM measurement and NO legacy RRM measurement before MR wake-up. 
· Option 4: WUR based measurement is performed and no legacy RRM measurement before MR wake-up.
· Option 4-1: based on periodic preamble, e.g., LP-SS

· Option 4-2: based on aperiodic preamble, e.g., a preamble transmitted in a time duration. 
Proposal 9: For neighboring cell RRM measurement, it is suggested to be perform after Main Radio is turned on.

· Whether to perform neighboring cell measurement can be decided based on serving cell RRM measurement quality.
· Neighboring cell measurement relaxation mechanism for Rel-17 RedCap can be reused for Rel-18 LP-WUS.
Proposal 10: For LP-WUS receiver, frequency drift caused by monitoring mechanism, i.e. always-on or periodic on-off, and the LP-WUS detection performance should be further studied.

Proposal 11: For LP-WUS multiplexing scheme, TDM can be treated as a baseline and FDM can be further studied.

Proposal 12: For LP-WUS receiver, the following monitoring mechanisms could be treated as candidates for LP-WUS detection

· Always On. The LP-WUR continuously detects the LP-WUS 

· Periodic on-off. The LP-WUR discontinuously detects the LP-WUS with duty cycle.

Proposal 13: Consider how to activate/deactivate the LP-WUS mode.
Proposal 14: Discuss whether to continue to monitor the LP-WUS and corresponding UE behavior when MR is on after detecting LP-WUS.

Proposal 15: Discuss the procedures when the LP-WUS is missing.
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5. Appendix A: LLS simulation assumptions for MC-OOK based LP-WUS

	CP-OFDM MC- OOK Parameters
	Value
	Note

	Waveform
	sqrt(1/2)*[1+1i;-1+1i;-1+1i;1+1i;-1+1i;1-1i;0;1+1i;1+1i;1-1i;1+1i;-1-1i;-1+1i]
	Adopted in IEEE 802.11ba

	SCS
	312.5kHz
	

	Number of subcarriers
	13
	

	Number of FFT
	64
	Unit:Sampling Point

	Number of CP
	8
	Unit:Sampling Point

	Bit Sequence
	[1 0 1 0 0 1 0 0 1 0 1 1 1 0 1 1 0 0 0 1 0 1 1 1 0 0 1 1 1 0 0 0]
	Adopted in IEEE 802.11ba


	DFT-OFDM MC-OOK Parameters
	Value
	Note

	Waveform
	DFT-s-OFDM
	

	OOK symbol Num per OFDM symbol
	4
	

	SCS
	312.5/4kHz
	4 OOK symbols per OFDM symbol

	Number of subcarriers
	13*4=52
	

	Number of FFT
	64*4=256
	Unit:Sampling Point

	Number of CP
	8*4=32
	Unit:Sampling Point

	Bit Sequence
	[1 0 1 0 0 1 0 0 1 0 1 1 1 0 1 1 0 0 0 1 0 1 1 1 0 0 1 1 1 0 0 0]
	Adopted in IEEE 802.11ba


