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1. Introduction
A new WI on low-power wake-up signal and receiver for NR was approved in RAN#102 [1], where the WID objectives are identified as shown below.
	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103


In this contribution, we discuss and provide views on LP-WUS and LP-SS design for NR.


2. Discussions on LP-WUS design
During the SI period, the following target use cases were identified in TR 38.869 [2] with consideration of various scenarios for LP-WUS/WUR.
· IoT cases, e.g., industrial wireless sensors, controllers, actuators
· Wearable cases, e.g., smart watches, rings, eHealth related devices, and medical monitoring devices
· eMBB cases, e.g., XR/smart glasses, smart phones
Each use case may have different characteristics in terms of power-sensitivity, form-factor size, latency requirement, mobility, etc. Accordingly, the data rate and robustness required for each use case may be different. In order to satisfy these various requirements, RAN1 should strive to design LP-WUS configurable sufficiently.
Proposal #1: RAN1 strive to design LP-WUS configurable sufficiently

2.1. LP-WUS signal structure
In RAN1#116, it was agreed to support both OOK-1 and OOK-4 for LP-WUS waveform generation. 
	Agreement
Support both OOK-1 and OOK-4 for LP-WUS. 
· FFS how OOK-1 and OOK-4 are specified 
· For OOK-4, M<=4, FFS supported values
· The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol
· FFS different SCS.


Regarding FFS points above, at first, specifying OOK-4 means how to define the number of samples per bit and the corresponding sequence length in the before-DFT domain. It is closely relevant to the supported values of M. Next, it would be desirable that the specific values of M can be determined after both the channel structure of LP-WUS and overlaid OFDM sequence has been discussed. In other words, we think the discussion on the channel structure of LP-WUS and overlaid OFDM sequence should be done while the values of M remain open. Regarding FFS point of different SCS, however, the use of different SCS may cause the increase of complexity at both gNB and UE side without significant benefits. The effect of using different SCS can be equally achieved by increasing M. The use of different SCS may require a separate IFFT in gNB. Unless RAN1 precludes the coexistence between LP-WUS and NR signal/channel, the use of different SCS seems to cause more harm than good.
Proposal #2: Regarding FFS points for OOK-1 and OOK-4 waveform generation, 
· Specifying OOK-4 is how to define the number of samples per bit and the corresponding sequence length in the before-DFT domain
· The supported value of M can be discussed after the channel structure of LP-WUS and overlaid OFDM sequence have been outlined to some extent
· Deprioritize the discussion on the use of different SCS

Among them, OOK-1 waveform can be more robust to timing error because it uses only single time segment within OFDM symbol. On the other hand, OOK-4 using multiple time segments can provide a range of spectral efficiencies while robustness to timing error decreases with the increasing of number of segments. Moreover, these waveforms can be transmitted with overlaid OFDM sequence where the sequence can be designed differently depending on the purpose of use. Considering these multiple types of LP-WUS transmission, it is desirable to include a preamble part that precedes the message part of LP-WUS. LP-WUR can be provided the useful information (e.g., OOK modulation method, data rate, payload size) about message part to be transmitted subsequently through the preamble part. Moreover, depending on UE implementation, this information may help reduce the detection/decoding complexity of LP-WUR. Additionally, a certain type of CRC can be attached to the message part of LP-WUS to reduce the FAR. However, the length of CRC to be used needs to be carefully determined depending on the size of the message part to be transmitted through LP-WUS and the use of CRC needs to be optional to reduce transmission overhead.
Proposal #3: Specify the LP-WUS structure including preamble part, message part and CRC
· Preamble part: Configurations on message part and CRC can be included
· Message part: UE ID or sub-group ID can be included
· CRC part: It can be optionally attached according to the length of message part

One more thing to be noted here is the necessity of LP-WUS preamble. In the last meeting, there was a brief discussion about this. Many companies, including us, agreed on the need for a preamble, while most discussions were about the need for a preamble being determined based on tolerable timing error. However, it should be noted that the preamble has many advantages in itself. From the LP-WUR perspective, the preamble can serve as a delimiter for LP-WUS reception, and through the preamble part before the reception of message part, LP-WUR can perform AGC stabilization. Additionally, the preamble can serve as an indication for the information bit transmitted subsequently. Moreover, with well-designed channel structure, it can also help mitigate inter-cell interference. Therefore, when discussing the necessity of LP-WUS preamble, we suggest considering the potential benefits of a preamble as well as timing errors.
Proposal #4: Discuss the necessity of preamble part with its potential benefit for LP-WUS transmission on top of the need for timing error compensation


2.2. Overlaid sequence
According to objective in WID, LP-WUS is transmitted through OOK (OOK-1 and/or OOK-4) based waveform with overlaid OFDM sequence(s). The overlaid OFDM sequence can be decoded by LP-WUR via time-domain correlation without FFT or frequency-domain correlation with FFT. However, it is worth noting that not all LP-WUR can detect/decode the overlaid OFDM sequences. Considering the various use cases in which LP-WUS can be utilized, the LP-WUR which can only perform energy detection over OOK symbols should not be overlooked. From this perspective, LP-WUR can be broadly classified into two types in terms of whether overlaid sequences can decode or not, as follows:
· LP-WUR type 1: LP-WUR capable of energy detection only
· LP-WUR type 2: LP-WUR capable of decoding (overlaid) OFDM sequence.
With two types of LP-WUR above, we consider the utilization of overlaid OFDM sequence into three cases as follows. 
· Case 1: As specified in WID, in order for the same information to be delivered irrespective of LP-WUR type, the same information as that transmitted through OOK symbols can be transmitted in the overlaid sequences. For example, the UE ID can be transmitted through both the OOK symbols and the overlaid sequence, and each of LP-WUR type 1 and LP-WUR type 2 can detect the UE ID at their convenient method.
· Case 2: A known sequence or reference sequence can be used as overlaid sequence. In this case, the information which is delivered through OOK symbols (e.g., UE ID) is not carried by overlaid sequences. However, in this case, in order to increase the usability of LP-WUS, it is conceivable to load a series of information helpful for LP-WUR. For example, cell information can be delivered by reference sequence to mitigate inter-cell interference for LP-WUR type 2.
· Case 3: The last case is to deliver additional information through the overlaid sequence. In general, LP-WUR type 2 has better capabilities compared to LP-WUR Type 1. Delivering additional information in overlaid sequences is the way of taking full advantage of LP-WUR type 2. gNB can provide improved services with LP-WUS in this case. However, this case may be limited to Connected mode only.
Proposal #5: Discuss on which type of information is delivered by overlaid OFDM sequence

Another discussion point is how to map the overlaid sequence(s) to the effective samples of OFDM symbol(s). Since the sampling rate of LP-WUR may be different for each UE, LP-WUR with poor sampling rate may not decode the overlaid sequence when the overlaid sequence is mapped to OFDM samples in high rate. For example, if each bit of the overlaid sequence is mapped to each sample of the OFDM symbol while the sampling rate of LP-WUR is lower than that of MR, LP-WUR may not be able to acquire all bits of the overlaid sequence. To support various sampling rates of LP-WUR, it is desirable that each bit of the overlaid sequence is mapped to a group of OFDM samples. The length of the overlaid sequence can be determined based on the number of samples in a OFDM symbol to which each bit of the overlaid sequence is mapped.
Proposal #6: Discuss on the sequence length (and detailed mapping to OFDM symbol) of overlaid OFDM sequence considering LP-WUR sampling rate

At the previous meeting, following three issues were discussed but no consensus was reached. 
· Issue#1: Whether the overlaid sequence carry part of information bits of LP-WUS instead of carrying all information of LP-WUS
· Issue#2: Repeatedly transmission of information bits by overlaid sequence
· Isseu#3: Time domain overlaid sequence vs Frequency domain overlaid sequence 
For Issue#1, in our view, the only benefit of carrying part of information can be the possibility of the early termination of LP-WUS monitoring. However, to do this, LP-WUR should have the parallel decoding capability of OOK symbols and the overlaid sequence. More fundamentally, even if LP-WUS monitoring is terminated quickly, it is not clear to us what benefits can be gained from it. As discussed during the SI period, when MR is triggered to wake-up from the ultra-deep sleep state, the expected wake-up time may take hundreds of msec or more. Meanwhile, since the maximum amount of information transmitted through LP-WUS is being discussed as 8 or 16 bits as the maximum size, even if Manchester encoding is applied, the time that can be saved through the early termination of LP-WUS monitoring may be around 1 to 2 msec. That is to say, it would be expected that the only marginal benefit when wake-up transition time is much larger than the number of un-monitored OFDM symbols. But we are open to discuss about the early termination of LP-WUS monitoring at this stage. For Issue#2, we think it should be note that, even in the case of early termination, repeatedly transmission of information bits by overlaid sequence should be supported to ensure the enough reception performance and coverage for other UE or UE groups.
For Issue#3, it is unclear how the overlaid sequence can be generated/applied over OFDM symbol given that there can be both ON and OFF OOK symbols during the OFDM symbol when M>1. On the other hand, it has been agreed to support both OOK-1 and OOK-4 for LP-WUS waveform generation, so we think further discussion or study may be needed on how to apply the overlaid sequence in the frequency domain. We are open to discuss both time and frequency domain overlaid sequences at this time. But we think the discussion about the frequency domain overlaid sequence especially for OOK-4 can be deprioritized until above unclearness can be resolved.
Proposal #7: Deprioritizing the followings
· Overlaid sequence carried part of information bits instead of carrying full information
· Applying the frequency domain overlaid sequence for OOK-4


2.3. Separate transmission occasions for preamble and message part of LP-WUS
UE ID or UE group ID may be transmitted through LP-WUS. When transmitting the UE ID through OOK-1 based OOK symbols, a large number of OFDM symbols should be used for LP-WUS transmission. Moreover, if Manchester encoding is applied, the number of OFDM symbols required to transmit LP-WUS becomes quite large. It is undesirable since such a long transmission cause a low resource utilization for NW, and the time exposed to interference is prolonged, which may cause performance degradation. Additionally, the decoding complexity in LP-WUR may be increased. 
When LP-WUS consists of a preamble part and a message part carrying the UE ID, it is desirable to transmit the preamble part separately from the message part. For example, the preamble can be transmitted with a specific time gap from the message part. For another example, message part can be transmitted within a specific time window from the preamble part. With these, the potential disadvantages when the preamble and message parts are transmitted continuously for a long time can be avoided. To further guarantee the flexibilities from NW side, the preamble part and message part can be configured as a separate monitoring occasions. It would be better to note that the monitoring occasions of LP-WUS message part can be determined based on UE ID or UE (sub) group ID for paging. By determining the MO according to the UE ID or UE group ID, the amount of information that should be delivered in the message part can be reduced. Details on this are described in our companion contribution [3]. In this scenario, a separate transmissions of preamble part and message part of LP-WUS can be more beneficial. 
Proposal #8: Discuss on the separate transmissions for preamble part and message part of LP-WUS

2.4. Bandwidth and frequency location configurations
LP-WUS bandwidth and frequency location can be determined configurable for better scheduling flexibility at gNB. However, if they are configured fully flexible, LP-WUR would monitor LP-WUS in multiple frequency locations and bandwidth dynamically. This may require high monitoring and decoding complexity of LP-WUR, which may cause increased power consumption at LP-WUR. At the previous meeting, 5MHz BW received majority support. However, considering the various BW sizes supported by NR, we prefer configurable BW among multiple candidates rather than determining a single BW at this stage. In particular, there is a need to support a smaller LP-WUS BW considering the case where the channel BW is comparable to 5 MHz or less.
To achieve the moderate NW flexibility and LP-WUR complexity at the same time, the bandwidth and frequency location of LP-WUS can be configured in association with BWP for MR or NR signal/channel for the cell (e.g., SSB). For example, LP-WUS can be configured with the same bandwidth and/or frequency location as initial BWP or SSB for Idle/Inactive mode UE. As another example for Connected mode UE, the frequency location of LP-WUS can be configured by frequency offset from the lowest RB/RE of the active BWP and the bandwidth of LP-WUS can be configured so that LP-WUS is fully overlapped with the active BWP of UE. 
Alternatively, RAN1 can introduce the dedicated resources in frequency for LP-WUS transmission. Within the resources, the bandwidth and frequency location of LP-WUS can be configured with full flexibilities. It is noted that the dedicated resources are in common for multiple UEs (e.g., all or a group of Idle/Inactive UEs should monitor LP-WUS only within the frequency resources). This can also keep both NW flexibility and LP-WUS complexity at a reasonable level.
Proposal #9: Discuss on the bandwidth and frequency location of LP-WUS with consideration of at least the following aspects
· NW flexibility and LP-WUR complexity
· Configurable BW (i.e., not a single value)
· Dedicated frequency resources for LP-WUS
· Association with MR BWP

2.5. Considerations on CP duration
Another discussion point is how to transmit LP-WUS waveform in CP duration of MR OFDM symbol. Since the LP-WUS and NR signals during the CP duration can interfere with each other, whether and how the LP-WUS is transmitted in CP duration may impact the reception performance of frequency multiplexed NR signal. In particular, since the length of each OOK symbol decreases as M increases in OOK-4, the processing of OOK symbols overlapping with the CP duration may affect performance. Two different transmission methods can be considered. First, LP-WUS is omitted in CP duration of MR OFDM symbol and LP-WUR may perform the envelop detection except for the CP duration. In this case, however, LP-WUR should know the staring time of CP duration and the length of CP duration. It may require the accurate sync requirement for LP-WUR and potential signaling issue to indicate SCS of NR signal/channel to LP-WUR. Alternatively, LP-WUS is transmitted in CP duration of MR OFDM symbol and LP-WUR performs the envelop detection in MR OFDM symbol duration including CP. In this case, the performance degradation in CP duration may be expected, while LP-WUR has the advantage of not having to accurately detect the CP duration. That is, the sync requirement for LP-WUS/LP-WUR may be relaxed, and the potential signaling for indicating SCS of NR signal/channel may be reduced. 
Specifically, we present the example structure for OOK-4. The following figure shows the structure of OFDM symbol including CP and 4 OOK symbols that transmits 4 bits per OFDM symbol.
[image: ]
Figure 1 Different OOK symbol structures within OFDM symbol

Option A consists of 4 OOK symbols in OFDM symbol period excluding CP. In LP-WUR, after removing the CP, each OOK symbol can be decoded by envelop detection. Option B consists of 4 OOK symbols in OFDM symbol period including CP. In LP-WUR, the effort of removing the CP can be saved, but since there is no CP, LP-WUS signal can interfere with the NR signal/channel transmitted together. Option C and Option D can be considered as a way to solve the problem of Option B. Option C is a method in which the OFDM symbol including the CP is composed of 4 OOK symbols, but the OOK symbol overlapping with CP is not used to transmit LP-WUS data. Since the 404κ samples shown in the figure is not used for transmission, the data rate may be slightly lower than other options. Option D consists of 4 OOK symbols except for CP length at front and rear parts of the OFDM symbol to maintain orthogonality of OFDM. Both CP parts can be filled with zeros or the same dummy samples. 
For each option, the length of OOK symbol can be different from other options. However, the performance of envelop detector due to such slight difference in the number of samples would not be significant. We propose to discuss above 4 candidate options to define and construct OOK symbols within OFDM symbol for OOK-4.
Proposal #10: Study on how to define/construct OOK symbols within OFDM symbol for OOK-4


3. Discussions on LP-SS design
3.1. LP-SS signal / structure design
3.1.1. LP-SS waveform
It is desirable that LP-SS is as simple as possible to accommodate low-power and low-complexity non-coherent receiver (LP-WUR). Since, as described in WID objective, LP-SS is based on OOK-1 and/or OOK-4 waveform, LP-SS can be transmitted consecutively with ON and OFF symbols. In RAN1#116, the following was agreed for LP-SS waveform generation.
	Agreement
Further study the following options for LP-SS:
· Option 1: OOK-1 
· Option 2: OOK-4 with M=1,2,4,[8]
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
· FFS: different SCS


In our view, Option 2 should be considered for LP-SS transmission to support various scenarios for both gNB and UE. With Option 1, data rate of LP-SS is limited since only one-bit OOK symbol is mapped to one OFDM symbol. Moreover, it may be a burden to gNB especially in URLLC cases since LP-SS uses too much time resources which makes a large latency. Additionally, at least larger or same value of M may be required for LP-SS than that used for LP-WUS since LP-SS is used for time/frequency synchronization to detect LP-WUS successfully. Therefore, configuring multiple values of M can be beneficial for both gNB and UE in terms of NW flexibility and detection performance, respectively. Regarding different SCS, as discussed in Section 2.1, however, the use of different SCS may cause the increase of complexity at both gNB and UE side without significant benefits. 
Proposal #11: To support various scenarios, OOK-4 with M=1,2,4,[8] needs to be supported for LP-SS

3.1.2. Manchester coding
Using Manchester coding in OOK waveform has many benefits in clock synchronization, error detection, and balancing DC component. However, using Manchester coding in binary sequence may degrade correlation property which is expected by using specific sequence. Even though Manchester coding may help to obtain clock synchronization, interferences, which are considered as noise caused by other cells or legacy NR signal/channel. Since sequence of LP-SS is not yet decided, sequence of LP-SS could be designed considering Manchester coding.
Proposal #12: Given that Manchester coding may degrade correlation property of LP-SS sequence, applying Manchester coding to LP-SS needs to be discussed with LP-SS sequence design

3.1.3. Overlaid OFDM sequence
Unlike LP-WUS, whether overlaid OFDM sequence is applied to LP-SS can be discussed in WI. As agreed in RAN1#116, followings are the options for further discussion about overlaid OFDM sequence for LP-SS.
	Agreement
For the overlaid OFDM sequence(s) for LP-SS, consider the following options for further down-selection:
· Option 1: Do not specify the overlaid OFDM sequences(s) 
· Option 2: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation without targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· Option 3: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation and also targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· For Option 3, it is up to RAN4 to make decision on whether/how to define the RRM measurement requirement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.


There can be many benefits for using overlaid OFDM sequences. Using overlaid OFDM sequence may increase coverage for LP-WUR which can correlate OFDM sequence in time or frequency domain or can deliver additional information. For example, LP-WUS monitoring occasion may be indicated by message which is sent through overlaid OFDM sequence. Additionally, using cell-specific overlaid OFDM sequences may mitigate inter-cell interference. However, since LP-SS may not need to deliver large amount of information, additional information may not be needed. Also, there can be other methods to increase coverage or mitigate inter-cell interference which may have more advantages than using overlaid OFDM sequence. For example, increasing coverage with overlaid OFDM sequence may cause coverage imbalance issue between two different types of LP-WURs that can receive/decode the overlaid OFDM sequence or not. Furthermore, applying cyclic shift to LP-SS sequence may provide the same role of overlaying different OFDM sequence to LP-SS for inter-cell interference mitigation. Additionally, the complexity for gNB and LP-WUR may increase by applying overlaid OFDM sequence for LP-SS. 
Comparing to the amount of the resource increase requirement, a discussion about the benefits obtained by overlaid OFDM sequence is needed. In this perspective, discussion about necessity to support overlaid OFDM sequence for LP-SS is needed.
Proposal #13: Discuss necessity to support overlaid OFDM sequence for LP-SS.

3.2. Multi-beam operation with LP-SS
As agreed in RAN1#116, LP-SS is a binary sequence-based signal which can be a common signal for LP-WUS supported UEs. Since LP-SS operates the same role of synchronization and RRM measurement compared with NR SSB, LP-SS also can support beam sweeping similar to NR SSB.
Supporting beam sweeping has many benefits like coverage enhancement, interference management, energy efficiency, etc. To support beam sweeping with LP-SS, there needs to be an association with SSB since SSB can be regarded as the first reference signal for multi-beam operations in NR system. For example, when gNB manages 4 beams which means that the SSB burst consists of 4 SSBs and each beam is associated within SSB burst. Same as NR SSB, LP-SS burst should be considered which is consisted of multiple LP-SS. Each LP-SS is QCLed with each SSB within a SSB burst. Similar to aforementioned SSB burst, LP-SS burst may have same structure as SSB burst which means 4 LP-SS are consisted within LP-SS burst as shown in Figure 2. Multi-beam operation of SSB could be a starting point to discuss multi-beam operation using LP-SS.
Additionally, time/frequency location of LP-SS burst needs to be close to SSB burst since OFDM-based LP-WUR may use SSB to synchronize and measure RRM. When time/frequency location of LP-SS burst and SSB burst is too far, it may lead to imbalance of detection performance between envelope detection LP-WUR and OFDM-based LP-WUR.


Figure 2. Multi-beam operation with LP-SS

Proposal #14: Consider LP-SS burst for multi-beam operation of LP-SS such as SSB burst for multi-beam operation of SSB.

3.3. Time domain transmission of LP-SS
3.3.1. LP-SS occasions
There can be three possible options for LP-SS transmission as agreed in RAN1#112
	Agreement
Study synchronisation signal used by LP-WUR, if needed, based on
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2


Regarding Option 1, it may be difficult to ensure time synchronization at LP-WUR with only aperiodic LP-SS which is part of LP-WUS. For example, when LP-WUS transmission is absent for long duration, clock synchronization might be lost at LP-WUR. In this case, periodic LP-SS is needed for coarse synchronization to maintain time sync of LP-WUR. Also, for RRM offloading to the LR, periodic LP-SS can be helpful to guarantee the RRM measurement requirement. Additionally, to support multi-beam operation with aperiodic LP-SS (Option 1) may lead to a burden to gNB since LP-WUS as well as aperiodic LP-SS needs to be unnecessarily transmitted in whole beam directions.
For Option 2 when periodic LP-SS is transmitted, time synchronization and RRM measurement performance can be easily achieved with proper periodicity of LP-SS. Additionally, multi-beam operation can be easily proceeded with LP-SS following similar procedure of NR SSB since NR SSB is also transmitted periodically. 
However, transmitting periodic LP-SS frequently may be a burden to gNB. To reduce the gNB burden, transmitting both aperiodic and periodic LP-SS would be a reasonable solution. For example, when both aperiodic and periodic LP-SS is transmitted, periodic LP-SS could be sparsely transmitted and setting a certain occasion for aperiodic LP-SS may solve the issue for synchronization or RRM measurement. Additionally, periodic LP-SS and aperiodic LP-SS may use different sequence or even different length of the sequence to further decrease network overhead. Furthermore, as aforementioned in multi-beam operation with LP-SS, LP-SS burst may be transmitted only for periodic LP-SS and aperiodic LP-SS may be transmitted along with LP-WUS with the optimal beam which is matched with the periodic LP-SS. 
Proposal #15: Discuss how to configure the LP-SS transmission/monitoring occasions (together with LP-WUS monitoring occasions) considering synchronization, RRM measurement, and multi-beam operation

3.3.2. LP-SS periodicity
As aforementioned, using different value of M may support various different deployment scenarios. However, as described in evaluation result of TR 38.869, depending on the value of M or OOK type (Option 1 or Option 2), timing error tolerance may differ. For example, shorter periodicity may be needed for LP-SS which uses large value of M since duration of chip gets shortened. By using shorter periodicity may be a burden to gNB since overhead increases in gNB perspective. To overcome this problem, gNB may support multiple periodicities of LP-SS and may choose preferred periodicity depending on channels or scenarios.
Additionally, it may also be a burden for UE to proceed both synchronization and RRM measurement in every LP-SS transmission. As described in evaluation result of TR 38.869, the periodicity requirement differs to achieve both synchronization accuracy and RRM measurement accuracy. Since the periodicity requirement is different depending on purpose, separate periodicity to proceed each purpose may be used using LP-SS. Depending on channel conditions or type of LP-WUR (e.g. envelope detection-based receiver, OFDM based receiver), requirement periodicity of synchronization and RRM measurement may differ. By choosing minimum value among two periodicities may solve the problem, but it will lead to a burden for UE using too much power to operate both synchronization and RRM measurement. As described in 3.3.1, transmitted aperiodic LP-SS may be helpful. For example, separate periodicity for synchronization and RRM measurement can be configured using both periodic and aperiodic LP-SS as shown in Figure 3. In this way, UE may obtain more power saving gain.


Figure 3. Different periodicity for synchronization and RRM measurement

Proposal #16: Multiple LP-SS periodicities need to be supported for various scenarios
Proposal #17: Consider the separate periodicity for synchronization and RRM measurement, respectively.

3.3. Bandwidth and frequency location of LP-SS
The bandwidth and frequency location of LP-SS are the essential part of the discussion for LP-SS. Considering various channel condition and LP-WUR capabilities, LP-SS bandwidth and frequency location may be configurable. However, if both bandwidth and frequency location is fully configurable, it may lead a burden on LP-WUR at cost of NW flexibility. To achieve a moderate flexibility and complexity, LP-SS bandwidth can be the same as that for PSS/SSS. There are advantages in some aspects when frequency location of LP-SS is configured dependently to PSS/SSS. For example, RRM measurement by LP-SS could be done with a similar frequency regardless of LP-WUR can receive existing PSS/SSS or not. And it can save the gNB effort to perform RF retuning when LP-SS are transmitted next to SSB. Additionally, locating LP-SS frequency location close to PSS/SSS, there will be a minor effect of imbalance RRM measurement accuracy between envelope detection-based LP-WUR and OFDM-based LP-WUR. In this perspective, frequency location of LP-SS may be configured depending to the PSS/SSS location. For instance, the frequency location of LP-SS can be configured based on the PSS/SSS frequency location. 
Proposal #18: Discuss the bandwidth and frequency location of LP-SS with consideration of both NW flexibility and LP-WUR complexity

3.4. Inter-cell interference mitigation
LP-SS can be designed with a single sequence or multiple sequences. With single sequence, inter-cell interference may be a serious problem. On the other hand, with cell-specific LP-SS, it may lead to higher complexity to both Tx/Rx. However, inter-cell interference issue can be solved by other ways. Followings are the options which can solve inter-cell interference issue with single sequence LP-SS.
· Option 1 : Applying different frequency allocation according to physical cell ID
· Option 2 : Applying different cyclic shift according to physical cell ID
For Option 1, different frequency allocation might be configured per each cell. However, this will lead to gNB complexity. By using physical cell ID, the frequency location of LP-SS could be different such as PBCH-DMRS v-shift. For Option 2, different time allocation can be configured per each cell. To mitigate inter-cell interference in time domain, applying different cyclic shift according to physical cell ID may be a solution.
In our view, Option 2 is desirable for inter-cell interference mitigation and also sequence design for LP-SS to lower LP-WUR complexity. Using Option 1, resource efficiency may be a problem since different frequency location should be allocated for each cell. However, using Option 2 doesn’t require additional resources in both time and frequency domain.
Proposal #19: For inter-cell interference mitigation, using different cyclic shift for single LP-SS sequence is preferred

4. Conclusions
In this contribution, we have discussed on the various aspects for LP-WUS and LP-SS design, and the followings are proposed.
Proposal #1: RAN1 strive to design LP-WUS configurable sufficiently
Proposal #2: Regarding FFS points for OOK-1 and OOK-4 waveform generation, 
· Specifying OOK-4 is how to define the number of samples per bit and the corresponding sequence length in the before-DFT domain
· The supported value of M can be discussed after the channel structure of LP-WUS and overlaid OFDM sequence have been outlined to some extent
· Deprioritize the discussion on the use of different SCS
Proposal #3: Specify the LP-WUS structure including preamble part, message part and CRC
· Preamble part: Configurations on message part and CRC can be included
· Message part: UE ID or sub-group ID can be included
· CRC part: It can be optionally attached according to the length of message part
Proposal #4: Discuss the necessity of preamble part with its potential benefit for LP-WUS transmission on top of the need for timing error compensation
Proposal #5: Discuss on which type of information is delivered by overlaid OFDM sequence
Proposal #6: Discuss on the sequence length (and detailed mapping to OFDM symbol) of overlaid OFDM sequence considering LP-WUR sampling rate
Proposal #7: Deprioritizing the followings
· Overlaid sequence carried part of information bits instead of carrying full information
· Applying the frequency domain overlaid sequence for OOK-4
Proposal #8: Discuss on the separate transmissions for preamble part and message part of LP-WUS
Proposal #9: Discuss on the bandwidth and frequency location of LP-WUS with consideration of at least the following aspects
· NW flexibility and LP-WUR complexity
· Configurable BW (i.e., not a single value)
· Dedicated frequency resources for LP-WUS
· Association with MR BWP
Proposal #10: Study on how to define/construct OOK symbols within OFDM symbol for OOK-4
Proposal #11: To support various scenarios, OOK-4 with M=1,2,4,[8] needs to be supported for LP-SS
Proposal #12: Given that Manchester coding may degrade correlation property of LP-SS sequence, applying Manchester coding to LP-SS needs to be discussed with LP-SS sequence design
Proposal #13: Discuss necessity to support overlaid OFDM sequence for LP-SS.
Proposal #14: Consider LP-SS burst for multi-beam operation of LP-SS such as SSB burst for multi-beam operation of SSB.
Proposal #15: Discuss how to configure the LP-SS transmission/monitoring occasions (together with LP-WUS monitoring occasions) considering synchronization, RRM measurement, and multi-beam operation
Proposal #16: Multiple LP-SS periodicities need to be supported for various scenarios
Proposal #17: Consider the separate periodicity for synchronization and RRM measurement, respectively.
Proposal #18: Discuss the bandwidth and frequency location of LP-SS with consideration of both NW flexibility and LP-WUR complexity
Proposal #19: For inter-cell interference mitigation, using different cyclic shift for single LP-SS sequence is preferred
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