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1 Introduction
A new release 18 study item on low-power wake-up signal and receiver was approved in RANP#94e meeting and revised in RANP#97e, with the following objectives
	· [bookmark: _Hlk127365044]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. 



During RAN1#111 meeting, the following agreements were made.
	 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)



In this contribution we address objectives in bullet three and four and discuss aspects related to low-power WUS design and some higher layer protocol changes needed to support LP-WUS.
Our initial evaluation of an OFDM/multi-carrier-OOK based LP-WUS L1 design was provided in [2]. This document provides further details on this OFDM-OOK based design and an OFDM sequence-based LP-WUS design. This document also considers L1 and higher layer procedures required to support LP-WUS operation.
2 L1 signal design
The low-power wake-up signal (WUS) should be designed to have certain properties:
· The WUS should avoid causing interference to the existing OFDM transmission – this can be achieved by the signal having a similar mapping as OFDM.
· The WUS  should be designed so that it can carry a minimum amount of information.
· The total energy consumption of WUR during WUS detection is minimised
· Using the WUS to acquire some degree of synchronization when waking up from sleep mode is advantageous both for the WUS detection and also power consumption. We do not need to decode SSBs before detecting the WUS for example. 
· The WUS structure should be configurable to support different conditions, e.g., coverage level, data capacity etc. 
· The WUS should have high detection probability and minimum false alarm rate even in poor radio conditions.
· The WUS should be uniquely identifiable as emitted from a particular cell
· The WUS should identify which UE(s) or group of UEs it is targeted at


The following sub-sections contain analyses of an OOK-based design for LP-WUS and an OFDM-based design for LP-WUS. Both LP-WUS types should be considered in this study item, allowing conclusions on the most suitable LP-WUS form to be made.
2.1 Interference-free OFDM embedding of OOK Design for LP-WUR
When considering an OOK-based design for LP-WUS, to ensure low power detection and decoding of the WUS, the following properties should be considered: 
· non-coherent modulation to allow for the low-power design of the receiver,
· compensation for the wake-up receiver performance (sensitivity) loss due to extreme low-power design of the LP-WUR and co-channel interference for example.
To allow for the use of low-power low-complexity WUR designs, a simple non-coherent modulation scheme like on-off keying (OOK), frequency shift keying (FSK), or pulse position modulation (PPM) is often used. Among these simple modulation schemes, we choose to consider Manchester coded OOK modulated sequences in this section as they can be detected at extremely low power consumption levels by envelope detectors using excess bandwidth to relax sensitivity to frequency errors (and avoids the use of power-hungry components such as frequency-synthesizers or mixers at the LP-WUR.). A consequence of this choice is an inferior sensitivity level, compared to an OFDM-based main or  wake-up receiver. This inevitably leads to higher raw bit-error rates (BERs). To compensate for the resulting high raw BER on the channel, we use longer signal sequences containing more total energy and suitable low power digital base-band processing (DBB), allowing for low detection error, i.e., miss  detection and false-alarm, probabilities. This lengthening of the signals can also be used for carrying additional information, beyond the pure wake-up trigger. In this LP-WUS design, we embed cell identity and a wake-up group identity, which will significantly reduce unnecessary wake-ups. The first part which carries the cell identity can also be used as a preamble, identifying whether there is a WUS on the channel or not. Only after detection of the first part, the UE proceeds with decoding of the second part of the LP-WUS. The sequences are chosen from sequences such as m-sequences with good correlation properties resulting in low miss detection and false alarm probabilities. Figure 1 shows the general signal structure used in this section of the contribution for an OOK-based LP-WUS containing sequences of length M and L bits, representing cell identity and wake-up group identity, respectively. The address spaces of these two sequences are typically much smaller than the M and L bits in the sequences, providing a degree of spreading that reduces error probabilities. The first part of the LP-WUS can be also used for synchronization purposes. 
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[bookmark: _Ref118627897]Figure 1 - low-power wake-up signal (LP-WUS) structure

To tailor LP-WUR/WUS scheme to the NR protocol, the LP-WUS transmission needs to be compliant with the transmission principles of NR, i.e., based on OFDM transmission. In other words, to avoid interfering with the OFDM transmission, the LP-WUS needs to be orthogonal in the same way as OFDM sub-carriers are, despite being based on different modulation principles. For this, the OFDM transmitter can be modified to also transmit OOK modulated sequences designed for non-coherent LP-WUR, on a subset of the carriers, thus embedding the LP-WUS correctly and ensuring orthogonality. 
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[bookmark: _Ref118628876]Figure 2 - Block diagram of modified OFDM transmitter
Figure 2 shows a block diagram of the modified OFDM transmitter, including the two blocks used to create the embedded WUS. The first block (A) is a sectioning block creating sections of the target LP-WUS and is only used if the length of the LP-WUS becomes longer than one OFDM symbol. The WUS shaping block (B) then shapes each LP-WUS section so that the resulting signal as output from the OFDM modulator becomes as close to the target LP-WUS as possible using the designated sub-carriers. Step (C) to (D) adds CPs to maintain orthogonality in channels with time dispersion.

Proposal 1 – Support mechanisms to embed LP-WUS within OFDM transmissions without creating interference to other OFDM transmissions.

The employed LP-WUR DBB design, consisting of two detector units used to detect the above LP-WUS design, is shown in Figure 3. The detectors contain a cell identity correlator (CIC) of length M and a wake-up group identity correlator (GIC) of length L. First the CIC is active and whenever its output exceeds the threshold, the cell identity is detected, then the next L incoming bits are sent to the GIC for group identity detection. If the output of the GIC also exceeds its threshold we declare LP-WUS detection, and the main receiver is woken up.
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[bookmark: _Ref118361346]Figure 3 - Digital base-band (DBB) block diagram
Based on coverage MIL of 142.4 dB, discussed in [3], 240 kbps Manchester-coded OOK symbol rate and a low-power envelope detector, we end up with a LP-WUR power consumption in the range of 100 uW and a raw channel BER of 0.15. Using the 0.15 BER and the LP-WUS design described above we simulate the digital baseband processing to find LP-WUS detection characteristics. In this initial performance analysis, Kasami sequences of equal length M and L of 63 bits are selected to represent 504 cell identities and 16 group identities. This translates to spreading factors of 7 and 16 for the two parts of the 126-bit WUS, which has a total time duration of 0.52 msec. With these parameter settings the maximum outputs from the correlators are equal to the sequence length of 63. The receiver operating characteristics for the cell identity detector when changing threshold  from 0 to 62 and keeping , is shown in Figure 4. 
[image: ]

[bookmark: _Ref118361451]Figure 4 - Simulated receiver operating characteristics for LP-WUS
There is one curve for the single case cell and one where the LP-WUS interference from neighbour cells is also included. The two curves are, for this parameter setting, essentially identical. The chosen point of operation is at of 46, which gives us an LP-WUS detection probability of 0.985 and a low false-alarm probability of around 10-5. When performing this simulation, we have taken into account a drift compensation, chosen cautiously to be 10 times that of the ultra-deep sleep of the main receiver. 

Observation 1 – To compensate for performance loss of LP-WUR due to its ultra-low power design, longer signal sequences containing more total energy and suitable low power digital base-band processing (DBB), allow for low detection error probabilities.
Proposal 2 – For OOK-based LP-WUS, support LP-WUS designs compensating for LP-WUR performance loss using spreading.
Proposal 3 – For OOK-based LP-WUS, support LP-WUS structure including cell identity and wake-up group identity. 


2.2 OFDM-Sequence-based Design 
The OFDM-sequence-based LP-WUS can consist of a preamble sequence optionally followed by a data part as illustrated in Figure 5 below.  The optionality of the data part depends on how much signalling information the WUS is expected to carry. The preamble part can use sequences such as ZC, Gold etc sequences with high autocorrelation properties to maximise detection probability and low cross correlation to minimise false detection probability. Consideration should also be given to PAPR of the LP-WUS signal in the choice of sequences. Further, the preamble part is composed of multiple OFDM symbols modulated with the same preamble sequence. Each LP-WUS OFDM symbol is preceded by a cyclic-prefix preferably longer than is used in transmissions to the main receiver. Using the same sequence across multiple OFDM symbols allows detection of the preamble in the presence of significant frequency offsets. The LP-WUS information symbols carry data in a cyclic shift of the OFDM symbol that provides decoding resilience to co-channel interference and other additive noise during detection of the preamble. Some of the information carried in the LP-WUS information symbols can be used to verify the detected preamble thereby lowering significantly the false alarm rate of the WUS detector.
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Figure 5: OFDM Sequence based LP-WUS design
To modulate the sequences either in-band or out of band of the NR main carrier, elements of the sequence are used to modulate each OFDM subcarrier as illustrated in Figure 6. This example shows an LP-WUS sequence composed of 63 elements which uses 8 RBs of the OFDM signal. The same set of subcarriers are modulated with the same sequence for Np OFDM symbols of the preamble and then a further Nd symbols for the information part. Np depends on the minimum operating SINR that is required whilst Nd additionally depends on how many bits are to be carried in the information part.

[image: ]
Figure 6: LP-WUS OFDM modulation
For the information symbols part of the LP-WUS, binary modulation such as QAM can be used but, as this is an amplitude modulation, it is quite susceptible to noise and interference. So instead, the data part can use the same sequence as the preamble part wherein data is carried in a cyclic shift or other property or perturbation of the sequence. For example, if b bits of data are to be carried in the LP-WUS data symbols, each symbol is subjected to one of 2b cyclic shifts.
Carrying the data in properties of the sequence changes the data detection into a sequence detection process which is much more immune to noise and interference than amplitude modulations. Sequence detection for the data part requires coherent detection, but the sequences are deployed in a manner that allows easy frequency and time synchronisation at the preamble detection stage. Furthermore, as WUS has to be cell-dependent, different sequences for the WUS preamble can be deployed to different cells.
LP-WUS Design Evaluation
We have evaluated an example LP-WUS signal design. In this example, the LP-WUS signal uses one of 32 possible ZC sequences. Each ZC sequence is 157 elements long and is generated with a unique root that corresponds to a targeted group of UEs. To complete the LP-WUS design, the ZC sequence is multiplied by a PN sequence that uniquely identifies the cell that emits the LP-WUS signal for example by initialising its pseudo-random sequence generator with the cell-ID. In the evaluation, each of the Nd data symbols of the LP-WUS carries 5 bits of information. The 5-bit value identifies the root of the ZC used in the preamble. At the LP-WUR of the UE, this is used to confirm the detected ZC sequence thereby ensuring that the false alarm rate (wherein the WUR detects an LP-WUS targeted at the UE where, in reality, there was none) is effectively zero. Table 1 summarises the test conditions. 
	Condition
	Values
	Notes

	(Np, Nd)
	(4,4); (8,4); (16,4); (4,8); (8,8); (16,8)
	Number of preamble and data symbols

	WUS duration(us)
	333.33, 500, 833,3, 666.67, 1000
	Duration of (8,4) and (4,8) is same, 500us.

	Channels
	AWGN, TDL-C @ 3km/h
	

	SNR (dB)
	(-12, -9, -6, -3, 0)
	Range for reasonable noise figures

	SCS
	30kHz
	

	CP
	8.33us
	25% of symbol duration @ 30kHz SCS

	BW
	4.71MHz
	

	Band gap width
	1.485MHz
	Maximum (49.5 REs)


Table 1: Link-layer simulation conditions for LP-WUS
The OFDM sequence-based design of LP-WUS as described in Table 1 was evaluated as part of the design process to gauge the WUS preamble detection capabilities. In all the simulations, the FAR is zero because of the confirmation of the LP-WUS sequence transmitted in the data symbols. The receiver is then evaluated with different values for (Np, Nd), SNR in AWGN and TDL-C at 3km/h speed. The simulated performance is shown in Figure 7 and Figure 8. The ultimate design goal is to minimise both misdetection rate (MDR) and false alarm rate (FAR).



[image: ]
Figure 7: LP-WUS performance in AWGN
[image: ]
Figure 8: LP-WUS performance in TDL-C @ 3km/h

The general trend illustrates that the best values for (Np, Nd) are {(4,8), (8,8), (16,8)} in AWGN and {(4,8), (16,8), (8,8)} in TDL-C channels.  Minimising the number of WUS symbols translates to reducing the amount of resources allocated for the LP-WUS and the amount of processing power needed to detect the WUS at the UE. So for this particular LP-WUS design (Np, Nd) = (8,8) is a good compromise for both channel types. Given the near zero MDR performance at SNR = -3dB, this suggests that for a target MDR of below 5%, a WUR for this LP-WUS design can operate with a noise figure of as much as 12dB.
In this section, we have studied an OFDMA-based LP-WUS design, according to the agreement made in RAN1#111:
	· 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




Proposal 4 – For OFDMA-based LP-WUS, support LP-WUS designs consisting of N WUS preamble / detection symbols and M WUS information symbols. Values of N and M can be chosen for a suitable SNR operating point.
Proposal 5 – For OFDMA-based LP-WUS, support LP-WUS structure including cell identity and wake-up group identity. 
3 L1 Procedures
In this section, we touch on the following issues related to LP-WUS:
· Low-power synchronization signal
· Reliability of LP-WUS 
Low power synchronization signal (LP-SS)
The FLS for AI9.13.3 at RAN1#111 Toulouse captured the following proposals related to LP-SS at RAN1#111 Toulouse:

	Periodic Low power synchronisation signal (LP-SS)
At least 10 companies stressed a need to study frequency and time synchronisation of LP-WUS, which may require transmission of known periodic signal that could be used to maintain clock or oscillator in sync. Same companies want to study whether the same synchronisation signal could be used to perform RRM measurements. Note that RRM aspect is captured by a proposal also in section 3.2.1.
FL1 High priority Proposal 1-2:
Study the need for periodic synchronization signal for LP-WUR (SS-LP) to aid synchronization per each agreed LP-WUS receiver architecture. Study
· Sequence and/or payload used for LP-SS
· Synchronisation accuracy/precision required to detect LP-WUS
· Impact of clock inaccuracy to LP-WUR ON-duration 
· Feasibility to perform RRM measurements (e.g., RSRP, RSRQ-like measurement)
· Required periodicity assuming clock drift, oscillator drift
· FFS clock drift and oscillator drift 
· Timing relation to LP-WUS




 
	FL6 High priority Proposal 1-2:
Study the need for a periodic synchronization signal(s) (LP-SS), including their periodicity, to aid synchronization of the LP-WUR. Study
· target frequency/time synchronisation accuracy/precision that is required to detect LP-WUS
· impact of clock inaccuracy and periodic calibration (after LP-SS monitoring) to LP-WUS/LP-SS monitoring



An LP-SS can hence provide the following functionalities:
· Minimise the LP-WUR ON duration. LP-WUR ON duration can be minimized in two ways:
· The time required to correlate for / detect the LP-WUS will be shorter when there is better synchronization since the decoding accuracy should be better with better synchronization, leading to a shorter LP-WUS
· The size of the LP-WUS monitoring window can be minimized when the LP-WUR’s LP-WUS monitoring window is aligned with the gNB’s LP-WUS transmission window. The timing drift between the LP-WUR’s clock and gNB’s clock effectively increases the required size of the LP-WUS monitoring window as the time since the last synchronization (between LP-WUR and gNB clocks) increases. 
· Support RRM measurements (such as RSRP and RSRQ-like measurements)
The following aspects of LP-SS need to be considered:
· Timing relation to LP-WUS
· Structure of LP-SS: whether LP-SS is sequence-based or is signalled as part of an LP-WUS payload
· Required periodicity assuming clock / oscillator drift

Timing relation of LP-SS to LP-WUS
The paging occasions of different UEs are generally offset relative to one another, although multiple UEs can share the same paging occasion. It is expected that each paging occasion will be indicated by an LP-WUS within an LP-WUS monitoring window, as shown in Figure 9. Assigning an LP-SS prior to every LP-WUS monitoring window would lead to a high system overhead (case C), which is likely to be unacceptable. Hence, it should be possible to use one LP-SS to support synchronization with multiple paging occasions (case B). Furthermore, to allow for scheduling flexibility, it should be possible for the gNB to skip transmission of LP-SS (e.g. to allow other users to be scheduled).
[image: ]
Figure 9 - Potential LP-SS locations relative to LP-WUS monitoring windows and Pos

Proposal 6: Study sparse LP-SS, where the sparse LP-SS can synchronise the LP-WUS monitoring window of multiple POs.

Structure of LP-SS
It should be possible to monitor LP-SS using the LP-WUR, hence the LP-SS should have a structure that is related to the structure of the LP-WUS. Possible structures for LP-SS that should be further studied include:
· A sequence using the underlying LP-WUS waveform (whether that be an OOK-based, FSK-based or OFDMA-based waveform)
· A bit string that is carried by the LP-WUS. For example, if the LP-WUS conveys an ID of a group of UEs that is to be woken up, one of the group IDs could be reserved to indicate “LP-SS”. If the LP-SS group ID were received, UEs would not have to wake up their main receivers, but could use LP-WUS (that carried the LP-SS group ID) to re-synchronise the LP-WUR timing. An example mapping of group-IDs carried by an LP-WUS could be:
	Group ID
	meaning

	00
	LP-SS

	01
	WU for group 1

	01
	WU for group 2

	11
	WU for group 1 and 2



Proposal 7: Study the following structures for LP-SS:
· Sequence based LP-SS
· LP-SS signalled as a bit string within the regular LP-WUS

Minimisation of LP-WUR ON duration
One of the methods to reduce the power consumption of the LP-WUR is to use a clock with a lower frequency accuracy, such as a ring oscillator. Since the LP-WUR is not continuously synchronized with the NR waveform, the free-running LP-WUR clock will build up an ever-increasing timing error with respect to the timing of the NR waveform. The issue is illustrated in Figure 10 where is it assumed that the LP-WUR has a timing drift rate relative to the gNB of Tdrift_rate and the DRX cycle length is TDRX. The timing drift rate corresponds to the clock / oscillator dirft. The LP-WUR is assumed to be synchronized to the gNB’s timing at paging occasion A. At the next paging occasion, B, the LP-WUR’s timing has drifted by an amount Tdrift_rate × TDRX. The LP-WUR hence has to turn on early and turn off late in order to ensure that its LP-WUS monitoring window fully covers the gNB’s LP-WUS transmission window (the window of time over which the LP-WUS might be transmitted). The extent to which the LP-WUR turns on early and turns off late can be based on design assumptions about the potential level of inaccuracy of the LP-WUR’s clock. The timing drift, and hence the size of the LP-WUR’s LP-WUS monitoring window, keeps increasing (as shown in paging occasion C) until the LP-WUR re-synchronises with the gNB. The increase in length of the LP-WUR’s LP-WUS monitoring window increases the power consumption of the LP-WUR.
Observation 2: The length of the LP-WUR’s LP-WUS monitoring window increases due to the timing inaccuracy of the LP-WUR low accuracy clock.
Observation 3: The length of the LP-WUR’s LP-WUS monitoring window is minimized when the LP-WUR has recently synchronised to the network.
Hence, we propose that RAN1 studies the effect of timing drift on LP-WUR power consumption when the LP-WUR operates in DRX mode.
Proposal 8: RAN1 studies the effect of timing drift on LP-WUR power consumption when the LP-WUR operates in a DRX mode.
[image: ]
Figure 10 – Timing error built up at the LP-WUR due to timing drift of the LP-WUR’s low accuracy free-running clock


Reliability of LP-WUS
When the LP-WUR only monitors LP-WUS in IDLE mode, the LP-WUR doesn’t know whether the LP-WUS is being received reliably or not. If the UE relies on the LP-WUS to wake it up and the LP-WUS becomes unreliable (for example, due to UE movement or fading), the UE can become unreachable. In such a case, it might be better for the UE to switch to monitoring via the MR. Furthermore, if the gNB simply transmits the LP-WUS with fixed parameters, such as a fixed transmission power, the gNB is unable to control the coverage and performance of the LP-WUS. Hence, RAN1 should study the need to monitor the reliability / performance of the LP-WUS. If necessary, RAN1 can then study mechanisms to allow the UE and / or gNB to monitor the reliability of the LP-WUS.
Proposal 9: RAN1 studies the need to monitor the reliability / performance of the LP-WUS.
4 Higher layer signalling to support LP-WUR/WUS
When the UE is configured with DRX operation, the UE needs to also perform cell measurements to ensure the signal strength of the serving cell is above a certain threshold. If the signal strength of the serving cell does not fulfill a certain requirement (e.g., due to mobility), the UE enters cell-reselection evaluation procedure. Currently, the signals available for cell re-selection evaluation procedure, i.e., the synchronization signals (SSB) or reference signals of the neighbor cells, can only be measured by the main radio. 
[bookmark: _Hlk115455620]Observation 4 - Currently, the signals available for cell re-selection evaluation procedure, i.e., the synchronization signals (SSB) or reference signals of the neighbor cells, can only be measured by the main radio. 
A use of LP-WUR in addition to the main radio can significantly reduce the cost of channel listening. Performing serving cell and neighbor cell measurement using the existing synchronization signal or reference signals, however, makes the power saving resulting from using LP-WUR limited, as shown in [3] . We, therefore, need low-power mechanisms to also support measurement and mobility aspects for UEs with LP-WUR
Proposal 10 – Consider low-power mechanisms to support mobility and cell re-selection mechanism for UEs with LP-WUR. 

5	Conclusion 
In this contribution, we have discussed our view on low-power WUS design and aspects related to L1 and higher layer signalling. We have considered both an OOK-based LP-WUS signal design and an OFMDA-based LP-WUS signal design. Our observations and proposals are listed below.
For an OOK-based LP-WUS signal design:
Observation 1 – To compensate for performance loss of LP-WUR due to its ultra-low power design, longer signal sequences containing more total energy and suitable low power digital base-band processing (DBB), allow for low detection error probabilities.
Proposal 1 – Support mechanisms to embed LP-WUS within OFDM transmissions without creating interference to other OFDM transmissions.

Proposal 2 – For OOK-based LP-WUS, support LP-WUS designs compensating for LP-WUR performance loss using spreading.
Proposal 3 – For OOK-based LP-WUS, support LP-WUS structure including cell identity and wake-up group identity. 

For an OFDMA-sequence-based LP-WUS signal design:
Proposal 4 – For OFDMA-based LP-WUS, support LP-WUS designs consisting of N WUS preamble / detection symbols and M WUS information symbols. Values of N and M can be chosen for a suitable SNR operating point.
Proposal 5 – For OFDMA-based LP-WUS, support LP-WUS structure including cell identity and wake-up group identity. 

Considering L1 procedures:
Proposal 6: Study sparse LP-SS, where the sparse LP-SS can synchronise the LP-WUS monitoring window of multiple POs.

Proposal 7: Study the following structures for LP-SS:
· Sequence based LP-SS
· LP-SS signalled as a bit string within the regular LP-WUS

Observation 2: The length of the LP-WUR’s LP-WUS monitoring window increases due to the timing inaccuracy of the LP-WUR low accuracy clock.
Observation 3: The length of the LP-WUR’s LP-WUS monitoring window is minimized when the LP-WUR has recently synchronised to the network.
Proposal 8: RAN1 studies the effect of timing drift on LP-WUR power consumption when the LP-WUR operates in a DRX mode.
Proposal 9: RAN1 studies the need to monitor the reliability / performance of the LP-WUS.
Considering higher-layer signalling and procedures:

Observation 4 - Currently, the signals available for cell re-selection evaluation procedure, i.e., the synchronization signals (SSB) or reference signals of the neighbor cells, can only be measured by the main radio. 
Proposal 10 – Consider low-power mechanisms to support mobility and cell re-selection mechanism for UEs with LP-WUR. 
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