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1. [bookmark: _Ref490222521]Introduction
In the RAN1#111 meeting [1], issues on LP-WUS design were discussed. Related agreements were captured as follows:
	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
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)


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
As agreed in the last meeting [2], MC-ASK(OOK) waveform generation should be studied. 2 typical methods are provided in this contribution, based on the number of carried bits per OFDM symbol. The MC-OOK type 1 can be regarded as sequence mapping method with only one bit per OFDM symbol supported, as illustrated in Figure 1. Constant amplitude sequence is mapped to the LP-WUS subcarriers in an OFDM symbol, and the waveform ‘ON’ will be formed after OFDM modulation to convey information ‘1’, otherwise ‘0’ will be conveyed. 


Figure 1. illustration of MC-OOK type 1 generation process
In the receiver, non-coherent detection is introduced to avoid power consumption from the oscillator. Transmission signal is demodulated by comparing received energy with the detection threshold. Corresponding demodulation performance is listed in Figure 2, which demonstrates that MC-OOK type 1 can be regarded as a candidate MC-OOK waveform generation method.
[image: ]
Figure 2. performance of MC-OOK type 1
[bookmark: OB1]Observation 1: MC-OOK type 1 can be regarded as a candidate MC-OOK waveform generation method.
To achieve higher data rate, MC-OOK type 2 is introduced for its ability of multi carried bits transmission per OFDM. The MC-OOK type 2 is based on DFT transform precoding, N bits ideal time domain OOK pulses will be generated within one OFDM symbol, and truncated by the expected LP-WUS bandwidth size through LS optimization. After OFDM modulation, the shape of time domain LP-WUS signal will approach to the ideal time domain OOK waveform, as illustrated in Figure 3.
[image: ]
Figure 3. illustration of N-bit OOK in one OFDM symbol (e.g. N=4)
[bookmark: _GoBack]In the receiver, non-coherent detection is also introduced. The detection threshold can be obtained by measuring reference signals power, e.g. beacon signal or preamble, and the transmitted OOK bits are demodulated through comparing received energy with the detection threshold as well. Corresponding demodulation performance is listed in Figure 4, one bit per OFDM is assumed to conveniently have a performance comparison between the two methods. Based on the performance result, MC-OOK type 2 can be also regarded as a candidate MC-OOK waveform generation method.
[image: ]
[bookmark: OB2]Figure 4. performance of MC-OOK type 2
Observation 2: MC-OOK type 1 can be regarded as a candidate MC-OOK waveform generation method.
[bookmark: PP1]Proposal 1: MC-OOK type 1 and type 2 can both be regarded as the candidate MC-OOK waveform generation method.
2.2 Bandwidth
In the last meeting, bandwidth of one LP-WUS is discussed, the max bandwidth in FR1 is selected from 5MHz or 20MHz. In 802.11ba, only 4MHz channel bandwidth is utilized for the transmission of MC-OOK, thus a max LP-WUS bandwidth of 5MHz seems enough. To increase resource allocation flexibility and improve capacity of LP-WUS, bandwidth lower than 5MHz can be further studied.
[bookmark: OB3]Observation 3: Signal bandwidth lower than 5MHz is enough for LP-WUS transmission.
To guarantee the demodulation performance of LP-WUS, IF/RF filter is required to avoid the adjacent interferences (ACI) from NR signal or other LP-WUS, and a guard band is needed and should at least cover the transition band of the filter to minimized ACI impact. 


Figure 5. illustration of guard band in a channel bandwidth
[bookmark: OB4]Observation 4: Size of guard band can be at least based on the transition band of the filter.
[bookmark: PP2]Proposal 2: Signal bandwidth lower than 5MHz can be considered for LP-WUS.
2.3 Synchronization
In LP-WUS, a low accuracy clock is taken to lower the power consumption, which may cause timing error and demodulation performance loss. To keep synchronization precisely, a synchronization sequence can be designed to detect the LP-WUS transmission reliably. The synchronization signal should be transmitted together with LP-WUS information signal to prevent potential time shift in the possible gap between synchronization and information part, and longer synchronization sequence can provide better demodulation performance due to more accurate timing.


Figure 6. illustration of WUS structure
[bookmark: OB5]Observation 5: The synchronization signal can be combined with LP-WUS information signal in the transmission of LP-WUS.
Since main radio will work in idle/inactive mode, paging related information can be carried in the information part to wake up it. When LP-WUS is detected, paging information will trigger the main radio waken up and to perform normal NR procedures. Besides, power saving mechanism has been discussed in Rel-17, per-group information is supported to reduce signaling overhead and provide more UE power saving gain. Hence, at least UE paging indication or UE group paging indication can be carried in the information part of LP-WUS.
[bookmark: OB6]Observation 6: At least UE paging indication or UE group paging indication can be carried in the information part.
[bookmark: PP3]Proposal 3: UE paging indication or UE group paging indication can be assumed to be present in LP-WUS.
3. Physical procedure
3 
3.1 procedure in IDLE/INACTIVE mode
In last meeting, continuous or duty cycled monitor mechanism are both discussed for the LP-WUS monitoring. For continuous monitoring, miss detection of LP-WUS will not occur due to its ‘always on’ monitoring, while more power consumption is caused due to its long period monitoring. For consideration of reducing power consumption, duty cycled monitoring can be utilized. 
[bookmark: OB7]Observation 7: DRX operation can be used for LP-WUS monitoring in IDLE/INACTIVE mode.
Potential location of LP-WUS should be considered in the duty cycle configuration to prevent the miss monitoring of LP-WUS, which can be accurately detected as long as located in ‘DRX ON’ period. Since MR will not monitor paging channel in the sleep state, long latency is brought when waiting for the MR paging period. To solve this problem, DRX operation can be used when main radio is in the sleep state. Paging related information will be carried in LP-WUS to trigger the main radio, and network access latency can be further reduced with the decrement of DRX periodicity.
[bookmark: OB8]Observation 8: DRX operation can be used when main radio is in the sleep state.
[bookmark: PP4]Proposal 4: DRX operation can be further studied for LP-WUS monitoring in IDLE/INACTIVE mode.
3.2 Network measurement and mobility.
For idle UE, continuous measurement will be performed to confirm the UE is reachable to the NW. Besides, handover will occur when UE moves to another cell, and measurement results should be reported to help NW make the handover judgement. Hence measurement is essential for the LP-WUS mobility management. 
The legacy measurement procedure is based on SSB, signal quality of RSRP and RSRQ are measured to check whether the current cell can be camped, or cell reselection will be occurred if quality is below the certain threshold. If UE is always need to perform measurement, main radio may be frequently triggered, which cause extra power consumption. To avoid such problem, a specific measurement signal can be designed for LP-WUS to perform measurement procedure. The measurement requirements can be relaxed due to the lower signal power nature, and similar cell selection or reselection principle may be utilized for LP-WUS to form a ‘WUS cell’ selection, then the camped physical cell covering the selected ‘WUS cell’ can be confirmed.
[bookmark: OB9]Observation 9: A new measurement signal can be designed for LP-WUS to perform corresponding 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: MC-OOK type 1 can be regarded as a candidate MC-OOK waveform generation method.
Observation 2: MC-OOK type 1 can be regarded as a candidate MC-OOK waveform generation method.
Observation 3: Signal bandwidth lower than 5MHz is enough for LP-WUS transmission.
Observation 4: Size of guard band can be at least based on the transition band of the filter.
Observation 5: The synchronization signal can be combined with LP-WUS information signal in the transmission of LP-WUS.
Observation 6: At least UE paging indication or UE group paging indication can be carried in the information part.
Observation 7: DRX operation can be used for LP-WUS monitoring in IDLE/INACTIVE mode.
Observation 8: DRX operation can be used when main radio is in the sleep state.
Observation 9: A new measurement signal can be designed for LP-WUS to perform corresponding measurement
Proposal 1: MC-OOK type 1 and type 2 can both be regarded as the candidate MC-OOK waveform generation method.
Proposal 2: Signal bandwidth lower than 5MHz can be considered for LP-WUS.
Proposal 3: UE paging indication or UE group paging indication can be assumed to be present in LP-WUS.
Proposal 4: DRX operation can be further studied for LP-WUS monitoring in IDLE/INACTIVE mode.
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Appendix：simulation assumptions
[bookmark: _Ref53480048]Table 1. Simulation assumptions for MC-OOK
	Attributes
	Assumptions

	MC-OOK method
	MC-OOK type 1, MC-OOK type 2 

	Carrier Frequency
	2GHz

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

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

	Data rate 
	28kbps for MC-OOK type 1 and MC-OOK type 2 (1bit per OFDM symbol)

	SCS
	30kHz

	gNB Channel BW 
	20MHz (51 RB)

	WUS BW
	6RB ~2.16MHz  

	Filter 
	2th Order Butterworth with 2.16MHz bandwidth 

	Sampling Rate
	3.84MHz 

	ADC bit
	1bit (comparator)

	Channel Model
	TDL-C 300ns
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