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1. Introduction
For a new WI on low-power wake-up signal and receiver for NR was approved in RAN#102 [1], several agreements/WA/conclusion on LP-WUS and LP-SS design were made in RAN1#116bis meeting, as shown in Appendix. In this contribution, we discuss and provide our views on LP-WUS and LP-SS design.

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 waveform generation
It is desirable for the LP-WUS to be designed to support various use cases. Assuming OOK-4 for LP-WUS generation, the transmission data rate varies depending on M, and the required data rate may vary depending on the use case in which LP-WUS is utilized. To support variable data rate for LP-WUS, different M can be configured depending on the use case. In RAN1#116bis, it was agreed to support OOK-4 with M=2 and M=4 (as WA) for LP-WUS waveform generation. 
	Agreement
For OOK-4 with M >1, support M=2 & M=4 (working assumption) for LP-WUS.
· FFS whether value of M depends on SCS 
· FFS M=1 for OOK-4


[bookmark: _Hlk166235031]In our view, M=4 should be supported for OOK-4 generation. At first, as mentioned above, M=4 can be utilized for supporting high data rate compared to LP-WUS generated by OOK-4 with M=2. In addition, LP-WUS can be transmitted in a somewhat long period. To deliver 16-bit information (excluding CRC), LP-WUS generated by OOK-4 with M=2 requires 16 consecutive OFDM symbols when Manchester encoding is applied. If the preamble and CRC are transmitted together, the required number of OFDM symbols can be increased. For efficient resource utilization, the larger value of M than 2 can be useful depending the use case. Some may have a concern that larger value of M can be vulnerable to timing errors due to its shortened duration of OOK symbol. However, OOK-4 with M=4 generated at SCS 15kHz may have the similar robustness against timing error as OOK-4 with M=2 generated at SCS 30kHz. In this perspective, we think M=4 can be supported for OOK-4 generation at least 15 kHz SCS. Regarding M=1 for OOK-4, it can be expected that the increased coverage of LP-WUS can be achieved with M=1. So, M=1 for OOK-4 can be supported for both 15 kHz and 30 kHz SCSs without disadvantages in terms of timing error tolerance.
Proposal #2: Support M=4 and M=1 for OOK-4 generation for LP-WUS
· Confirm M=4 at least for 15 kHz SCS
· Support M=1 for both 15 kHz and 30 kHz SCSs
· Applicable M can be determined based on the configured SCS for LP-WUS
· For 15 kHz SCS, M=1, 2, 4
· For 30 kHz SCS, M=1, 2

Regarding SCS for LP-WUS generation, the following proposal was discussed at RAN1#116bis meeting [2]. 
	Proposal 3.2-2
Single SCS for LP-WUS is used by LP-WUR, further discuss following options 
· The single SCS is configured by gNB:
· The single SCS is determined by pre-defined rule 
· The single SCS is same as SSB SCS
· The single SCS is same as initial DL BWP SCS, for RRC idle/inactive state 
· The single SCS is same as active BWP, for RRC connected state


When LP-WUS is generated based on the same SCS as MR's active DL BWP, gNB (or UE) can maintain the common SCS for transmitting (or receiving) LP-WUS and the NR signal/channel within the BWP, and it means those two signals can be multiplexed easily. In other words, for Idle/Inactive mode, LP-WUS and NR signal/channel in the initial DL BWP can be easily multiplexed with a single SCS for the initial DL BWP SCS. For Connected mode, with a common SCS for active DL BWP, both gNB and UE do not need to change SCS frequently when they transmit/receive LP-WUS or NR signal/channel alternately. On the other hand, if the SCS for LP-WUS is only configured by gNB, it can be possible that LP-WUS and NR signal which have different SCS is transmitted simultaneously. In this case, it may be considered to skip the transmission of LP-WUS with different SCS for complexity reduction at both gNB and UE sides.
Proposal #3: Regarding SCS for LP-WUS, the followings need to be supported for coexistence of LP-WUS and NR signal/channel
· SCS for LP-WUS is determined based on the associated (or overlapped) BWP
· For Idle/Inactive state, SCS for LP-WUS is same as initial DL BWP SCS
· For Connected state, SCS for LP-WUS is same as active DL BWP SCS
· Transmission of LP-WUS with different SCS from NR signal can be skipped when the transmissions of LP-WUS and NR signal which have different SCS are overlapped in time

2.2. LP-WUS channel structure
Both OOK-1 and OOK-4 are agreed to be supported as LP-WUS generation scheme. 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 #4: 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 identity 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 #5: Discuss the necessity of preamble part with consideration of its potential benefit for LP-WUS transmission on top of the need for timing error compensation

2.2. Overlaid OFDM sequence
For the overlaid OFDM sequence, several options as shown below were agreed in RAN1#116bis for further discussion.
	Agreement
Regarding the overlaid OFDM sequence(s) of LP-WUS, consider the following options:
· Option 1: Single overlaid sequence is on each OOK ‘ON’ symbol or OFDM symbol duration. OFDM-based LP-WUR can obtain the whole information bits by the presence of the overlaid sequence.
· Option 1-2: The overlaid OFDM sequence is pre-determined from multiple sequences. This sequence carry NO information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by the OOK ON/OFF pattern.
· Option 2: One sequence is selected from multiple candidates overlaid OFDM sequences on each OOK ‘ON’ symbol or OFDM symbol duration, and OFDM-based LP-WUR obtain LP-WUS information at least by overlaid OFDM sequence(s). Consider the following two sub-options.  
· Option 2-1: The overlaid OFDM sequence(s) carry part of information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s) and location of the OFDM sequence(s)/OOK symbols. 
· Option 2-2: The overlaid OFDM sequence(s) carry all information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by the overlaid OFDM sequence(s)
· Option 3: One sequence is selected from multiple candidates overlaid OFDM sequences on one or more OOK ‘ON’ symbols, and OFDM-based LP-WUR obtain LP-WUS information at least by overlaid OFDM sequence(s). 
· Option 4: Use of modulated overlay sequence with constellation point: overlay sequence acting as a spreading sequence and constellation point carrying information for OFDM-based LP-WUR. 
Other options are not precluded.


Depending on the listed options, the overlaid sequence can be mapped to one or more OOK ON symbol(s). In addition, how OFDM-based LP-WUR can obtain the whole information bits is also captured for each option. 
For Option 1, single overlaid sequence can be specified. And the sequence is used for each OOK ON symbol only when the information bit ‘1’ is delivered by overlaid sequence, but no overlaid sequence is used on OOK ON symbol for bit ‘0’ transmission. In our view, the use of on-off pattern of the overlaid sequence for each OOK ON symbol may create an undesirable spectrum shape compared to always-use of the overlaid sequence to every OOK ON symbol, which should be further discussed. 
For Option 2, one sequence is selected from multiple (N) candidates. The number of multiple candidate sequences can be configurable. Option 2 has two different sub options. With Option 2-1, the part of information bits is delivered by overlaid sequence. However, it may increase the LP-WUR complexity since LP-WUR should perform two different types of decoding to get the whole information, i.e., correlation for the overlaid sequence and envelop detection for OOK symbols, which is undesirable. For Option 2-2, overlaid sequence is selected from multiple candidate sequences, the same as Option 2-1. In addition, depending on the number of candidates, the amount of information bits per OOK symbol can be different. Therefore, when the number of candidates is large enough, repeated transmission of overlaid sequence can be supported so that LP-WUS coverage is increased. 
In Option 3, each overlaid sequence which is selected from multiple candidates can be mapped to one or multiple OOK symbols. This option can make the overlaid sequence design flexible and effective. The length of overlaid sequence can be determined for one OOK symbol duration or multiple OOK symbol duration. In addition, the proper length of overlaid sequence can be different depending on which sequence is used as the overlaid sequence. With Option 3, gNB can configure the optimal overlaid sequence in terms of the efficient resource allocation and the used overlaid sequence type. This option can be useful for LP-WUR having low sampling rate. 
Option 4 can be understood that the single overlaid sequence is multiplied by one of the constellations point with constant amplitude to deliver multiple information bits per each overlaid sequence. We are open to discuss about this option, but still seems need to clarify further, e.g., how LP-WUR decodes information bits, whether there is impact to OOK symbol performance. In our view, this concept can be generalized as applying multiple cyclic shifts or phase shifts to the overlaid sequence for the same purpose.
Proposal #6: Support Option 2-2 and Option 3
· Option 2-2 can be supported with repeatedly transmission of the overlaid OFDM sequence over all OOK symbols
· Option 3 can be supported so that gNB selects optimal sequence type and sequence length

Another discussion point is how to map the overlaid sequence(s) to the effective samples of OFDM symbol(s). 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 instance, with the length-N overlaid sequence {s(0), …, s(N-1)}, each element s(n) of the sequence can be mapped to multiple samples of one OOK ON symbol, i.e., multiple samples of a OOK symbol is mapped to s(n). It can reduce the burden of LP-WUR in terms of sampling rate. If each element of the overlaid sequence is mapped to one sample of OOK ON symbol, only LP-WUR having such sampling rate can decode the overlaid sequence, which is undesirable. In other words, by configuring number of OOK symbol to be mapped to each overlaid sequence, LP-WUS can be supported for various types of LP-WUR with different capabilities. To support various sampling rates of LP-WUR, it is desirable that each bit of the overlaid sequence is mapped to multiple samples of OFDM symbol. 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 #7: Discuss on the sequence length (and detailed mapping to OFDM symbol) of overlaid OFDM sequence considering LP-WUR sampling rate

2.3. Time domain resource allocation of LP-WUS with preamble
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. In this scenario, a separate transmissions of preamble part and message part of LP-WUS can be more beneficial. 
Proposal #8: Support configurable TDRA for LP-WUS
· Discuss relations of LP-WUS and LP-SS occasions
· Preamble, if supported, can be transmitted separately from message part of LP-WUS
· FFS: time offset

2.4. Bandwidth and frequency location configurations
	Agreement
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz
· X to be down-selected between 11 and 12 PRBs 
· FFS the number of PRBs for 15kHz
· FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
FFS: Whether the above is applicable to FR2


In RAN1#116bis, above agreement was made with FFS points. According to agreement, for a channel bandwidth equal to or larger than 5 MHz, 11 PRB and/or 12 PRB can be supported based on future RAN1 discussion. However, we are confused how 12 PRB BW for LP-WUS with 30 kHz SCS can be supported for 5 MHz channel bandwidth. According to RAN4 spec, for 5 MHz channel bandwidth, the maximum transmission bandwidth of 30 kHz signal/channel is defined as 11 PRB and the minimum guardband as 505 kHz. It may indicate that if the LP-WUS bandwidth is determined as 12 PRB for 5 MHz channel, LP-WUS with 30 kHz should be transmitted in beyond the maximum transmission bandwidth defined by RAN4. We are not sure it is acceptable to RAN4. One more question is that 11 PRB can be proper number of BW when LP-WUS is generated by OOK-4 since the maximum number of RB (or RE) within LP-WUS bandwidth can be related to the DFT size for OOK-4 generation. We think the number 11 may make any additional burden to gNB to generate OOK-4 waveform. With these considerations, it would be better gNB selects one bandwidth among 11 PRB and 12 PRB according to channel bandwidth and SCS. So, we support both 11 PRB and 12 PRB for LP-WUS and LP-SS with SCS 30 kHz for a channel bandwidth equal or larger than 5 MHz. For 5 MHz channel, gNB can configure 11 PRB bandwidth for LP-WUS and LP-SS with 30 kHz. And, for channel bandwidth larger than 5 MHz, gNB can configure 12 PRB bandwidth for them. In our view, this would be the simplest solution to address above problems. 
Proposal #9: Support both 11 PRB and 12 PRB as the bandwidth of LP-WUS and LP-SS with 30 kHz SCS for a channel bandwidth equal or larger than 5 MHz. 
· gNB configures one bandwidth according to channel bandwidth and SCS

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. 
Proposal #10: Discuss on the bandwidth and frequency location for LP-WUS and LP-SS with consideration of at least the following aspects
· NW flexibility and LP-WUR complexity
· Association with MR BWP

In addition, RAN1 should discuss where LP-WUS and LP-SS are located in frequency domain. As a simple solution, RAN1 can introduce the dedicated resources in frequency for LP-WUS and LP-SS transmission. The frequency location of LP-WUS and LP-SS can be configured within the dedicated resources. 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 #11: Discuss the dedicated frequency resources for LP-WUS and LP-SS

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#bis, the following working assumption was agreed for LP-SS waveform generation.
	Working Assumption
Support the following options for LP-SS
· Option 1: OOK-1 
· Option 2: OOK-4 with M=2,4, FFS:1,8,16
· FFS whether value of M depends on SCS
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
FFS how OOK-1 and OOK-4 are specified


In our view, Option 2 should be considered for LP-SS transmission to support various scenarios for both gNB and UE. Only supporting 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. However, low data rate (OOK-1 or OOK-4 with M=1), which accommodates longer duration of OOK symbol may be beneficial for UEs which are in bad channel conditions. Therefore, configuring multiple values of M can be beneficial for both gNB and UE in terms of NW flexibility and detection performance, respectively. Additionally, since it is agreed to use both OOK-1/OOK-4 waveform for LP-WUS, there is no additional complexity to use both OOK-1 and OOK-4 waveform for LP-SS either. 
Proposal #12: To support various scenarios, Option 2 should be supported for LP-SS
· To support low and high data rate, OOK-4 with M=1,8 should also be supported

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 the sequence of LP-SS is not yet decided, sequence of LP-SS could be designed considering Manchester coding.
Proposal #13: Whether to apply Manchester coding to LP-SS can be discussed with LP-SS sequence design together

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, legacy SSB can be used for OFDM based LP-WUR for synchronization and RRM measurement. Therefore, discussion about the benefits for Option 3 is needed considering the amount of the resource increase requirement. In this perspective, discussion about pros/cos for Option 2 and Option 3 is needed.
Proposal #14: Support both Option 2 and Option 3 for overlaying OFDM sequence for LP-SS

As agreed in RAN1#116bis, followings are the candidate sequences for overlaid OFDM sequence for LP-WUS.
	Agreement
For the purpose of further study and evaluation in RAN1, the following candidate sequences for the overlaid OFDM sequence are considered:
· Gold sequence
· M-sequence
· ZC sequence
· Chirp sequence
· Walsh sequence
· Golay sequence
· Kasami sequence
· Low density sequence
· DFT/FFT sequence
· QAM symbol-based sequence
· Combinations and optimizations of above are not precluded
Companies are encouraged to provide an assessment on performance, required complexity, and power consumption to support their preferred sequence. Companies are encouraged to provide details on their preferred sequence (e.g. references).


As shown in above, various sequences can be used for both overlaid OFDM sequence of LP-WUS/LP-SS. As aforementioned, overlaying OFDM sequence for LP-SS may increase the performance of OOK waveform detection. Since overlaid OFDM sequence for LP-WUS is agreed, overlaid OFDM sequence for LP-SS should use the same sequence that is used for LP-WUS to reduce complexity. In this perspective, a discussion for overlaid OFDM sequence for LP-SS is needed considering overlaid OFDM sequence for LP-WUS. 
Proposal #15: Discuss about overlaid OFDM sequence candidates for LP-SS considering overlaid OFDM sequence candidates for LP-WUS

3.1.4. Multiple sequences for LP-SS
As agreed in RAN1#116bis, multiple binary LP-SS sequences for ‘ON-OFF’ pattern are supported. With multiple binary LP-SS sequences, cell-specific LP-SS sequence can be determined by the following options which are agreed in RAN1#116bis.
	Agreement
Support to specify multiple binary LP-SS sequences for the ‘ON-OFF’ pattern:
· The LP-SS sequence used in a cell is
· Option 1: a sequence is configured
· Option 2: a sequence is determined by predefined rule
· FFS: Whether both options will be supported or only one will be supported
· FFS: the number of LP-SS sequences
· Note: Multiple sequences are used to differentiate LP-SS from different cells


Inter-cell interference issue can be solved since each cell uses cell-specific sequences. As agreed in above, multiple sequence for LP-SS are used to differentiate LP-SS from different cells. 
For Option 1, cell-specific LP-SS sequence can be configured by gNB. There can be many methods to configure cell-specific LP-SS sequence. For example, configuration can be made with pre-defined sequence with sequence index or value of cyclic shift can be indicated by gNB. Considering deployment scenario or LP-WUR type, gNB may decide which sequence should be used in specific cell. For the case when LP-SS sequence is not defined for gNB and UE, pre-defined rule can be used to determine LP-SS sequence as described in below.
For Option 2, pre-defined rule, which are know to gNB and UE, is used to determine which sequence will be transmitted by gNB. As aforementioned, there are can be many methods to configure cell-specific LP-SS sequence. For example, as described in above, value of cyclic shift can be determined by using physical cell ID to determine the LP-SS sequence that is used in specific cell. However, pre-defined rule may cause additional complexity for both gNB and UE corresponding to what kind of pre-defined rule is used to determine the cell-specific sequence.
In this perspective, Option 1 can be supported as a baseline and Option 2 may be used with LP-SS sequence configuration by Option 1 is not defined.
Proposal #16: LP-SS sequence used in a cell can be configured by gNB
· When LP-SS sequence configuration is absent, predefined rule can be used (FFS: predefined rule)

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 1. 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 1. Multi-beam operation with LP-SS

Proposal #17: 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 #18: 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 2. In this way, UE may obtain more power saving gain.



Figure 2. Different periodicity for synchronization and RRM measurement

Proposal #19: Multiple LP-SS periodicities need to be supported for various scenarios
Proposal #20: Consider the separate periodicity for synchronization and RRM measurement, respectively.

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: Support M=4 and M=1 for OOK-4 generation for LP-WUS
· Confirm M=4 at least for 15 kHz SCS
· Support M=1 for both 15 kHz and 30 kHz SCSs
· Applicable M can be determined based on the configured SCS for LP-WUS
· For 15 kHz SCS, M=1, 2, 4
· For 30 kHz SCS, M=1, 2
Proposal #3: Regarding SCS for LP-WUS, the followings need to be supported for coexistence of LP-WUS and NR signal/channel
· SCS for LP-WUS is determined based on the associated (or overlapped) BWP
· For Idle/Inactive state, SCS for LP-WUS is same as initial DL BWP SCS
· For Connected state, SCS for LP-WUS is same as active DL BWP SCS
· Transmission of LP-WUS with different SCS from NR signal can be skipped when the transmissions of LP-WUS and NR signal which have different SCS are overlapped in time
Proposal #4: 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 identity or sub-group ID can be included
· CRC part: It can be optionally attached according to the length of message part
Proposal #5: Discuss the necessity of preamble part with consideration of its potential benefit for LP-WUS transmission on top of the need for timing error compensation
Proposal #6: Support Option 2-2 and Option 3
· Option 2-2 can be supported with repeatedly transmission of the overlaid OFDM sequence over all OOK symbols
· Option 3 can be supported so that gNB selects optimal sequence type and sequence length
Proposal #7: Discuss on the sequence length (and detailed mapping to OFDM symbol) of overlaid OFDM sequence considering LP-WUR sampling rate
Proposal #8: Support configurable TDRA for LP-WUS
· Discuss relations of LP-WUS and LP-SS occasions
· Preamble, if supported, can be transmitted separately from message part of LP-WUS
· FFS: time offset
Proposal #9: Support both 11 PRB and 12 PRB as the bandwidth of LP-WUS and LP-SS with 30 kHz SCS for a channel bandwidth equal or larger than 5 MHz. 
· gNB configures one bandwidth according to channel bandwidth and SCS
Proposal #10: Discuss on the bandwidth and frequency location for LP-WUS and LP-SS with consideration of at least the following aspects
· NW flexibility and LP-WUR complexity
· Association with MR BWP
Proposal #11: Discuss the dedicated frequency resources for LP-WUS and LP-SS
Proposal #12: To support various scenarios, Option 2 should be supported for LP-SS
· To support low and high data rate, OOK-4 with M=1,8 should also be supported
Proposal #13: Whether to apply Manchester coding to LP-SS can be discussed with LP-SS sequence design together
Proposal #14: Support both Option 2 and Option 3 for overlaying OFDM sequence for LP-SS
Proposal #15: Discuss about overlaid OFDM sequence candidates for LP-SS considering overlaid OFDM sequence candidates for LP-WUS
Proposal #16: LP-SS sequence used in a cell can be configured by gNB
· When LP-SS sequence configuration is absent, predefined rule can be used (FFS: predefined rule)
Proposal #17: Consider LP-SS burst for multi-beam operation of LP-SS such as SSB burst for multi-beam operation of SSB.
Proposal #18: 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 #19: Multiple LP-SS periodicities need to be supported for various scenarios
Proposal #20: Consider the separate periodicity for synchronization and RRM measurement, respectively.

5. References
RP-234056, “New WID: Low-power wake-up signal and receiver for NR (LP-WUS/WUR)” CMCC (Moderator), RAN#102
RP-233068, “Study on low-power wake up signal and receiver for NR”, 3GPP TR 38.869 V2.0.0
R1-2403770, “Final summary of discussions on LP-WUS and LP-SS design”, vivo, RAN1#116bis

Appendix (RAN1#116bis agreements)
	Agreement
For OOK-4 with M >1, support M=2 & M=4 (working assumption) for LP-WUS. 
· FFS whether value of M depends on SCS
· FFS M=1 for OOK-4

Agreement
For evaluation purpose on LP-WUS, companies report the overlaid OFDM sequence(s), including:
· Sequence(s) generation and how sequence(s) map in time or frequency domain (including any details with multiplexing and IFFT).
· Number of candidate overlaid OFDM sequences used for information conveying
· Including details on whether the number of candidate overlaid sequences is per OFDM symbol or per OOK symbol
· How the proposed sequence design is processed by OFDM-based LP-WUR, e.g., in time domain or in frequency domain or in both time and frequency domain.

Agreement
Support to specify multiple binary LP-SS sequences for the ‘ON-OFF’ pattern:
· The LP-SS sequence used in a cell is
· Option 1: a sequence is configured
· Option 2: a sequence is determined by predefined rule
· FFS: Whether both options will be supported or only one will be supported
· FFS: the number of LP-SS sequences
· Note: Multiple sequences are used to differentiate LP-SS from different cells

Agreement
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz
· X to be down-selected between 11 and 12 PRBs 
· FFS the number of PRBs for 15kHz
· FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
FFS: Whether the above is applicable to FR2

Agreement
For timing error evaluation purpose, the following two options for residual frequency error are considered:
· Option 1: The maximum frequency error (Fe) of RTC/oscillator is assumed, companies report Fe value and the applied LP-WUR type.
· Option 2: The residual frequency error (Fr) after frequency error correction/clock calibration by LR or after assistance from MR is assumed, companies report Fr value, how to achieve it and the applied LP-WUR type.

Agreement
For frequency error evaluation purpose, the following two options for residual frequency error are considered:
· Option 1: The maximum frequency error (Fe) of oscillator is assumed, companies report Fe value and the applied LP-WUR type.
· Option 2: The residual frequency error (Fr) after frequency error correction by LR or after assistance from MR is assumed, companies report Fr value, how to achieve it and the applied LP-WUR type.

Working assumption
Support the following options for LP-SS
· Option 1: OOK-1 
· Option 2: OOK-4 with M=2,4, FFS:1,8,16
· FFS whether value of M depends on SCS
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
FFS how OOK-1 and OOK-4 are specified 

Agreement
Regarding the LP-WUS information for idle/inactive UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] subgroups
· Option 2: A codepoint value corresponding to one or more subgroup(s)
· Option 3: Multiple codepoint values with each corresponding to one or more subgroup(s)
· Combination of above options are not precluded
· FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences.
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· Other options are not precluded

Agreement
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)

Conclusion: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE
· Transmit antenna gain correction factors for WUS: up to company report
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately

Agreement
For the purpose of further study and evaluation in RAN1, the following candidate sequences for the overlaid OFDM sequence are considered:
· Gold sequence
· M-sequence
· ZC sequence
· Chirp sequence
· Walsh sequence
· Golay sequence
· Kasami sequence
· Low density sequence
· DFT/FFT sequence
· QAM symbol-based sequence
· Combinations and optimizations of above are not precluded
Companies are encouraged to provide an assessment on performance, required complexity, and power consumption to support their preferred sequence. Companies are encouraged to provide details on their preferred sequence (e.g. references).

Agreement
Regarding the overlaid OFDM sequence(s) of LP-WUS, consider the following options:
· Option 1: Single overlaid sequence is on each OOK ‘ON’ symbol or OFDM symbol duration. OFDM-based LP-WUR can obtain the whole information bits by the presence of the overlaid sequence.
· Option 1-2: The overlaid OFDM sequence is pre-determined from multiple sequences. This sequence carry NO information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by the OOK ON/OFF pattern.
· Option 2: One sequence is selected from multiple candidates overlaid OFDM sequences on each OOK ‘ON’ symbol or OFDM symbol duration, and OFDM-based LP-WUR obtain LP-WUS information at least by overlaid OFDM sequence(s). Consider the following two sub-options.  
· Option 2-1: The overlaid OFDM sequence(s) carry part of information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s) and location of the OFDM sequence(s)/OOK symbols. 
· Option 2-2: The overlaid OFDM sequence(s) carry all information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by the overlaid OFDM sequence(s)
· Option 3: One sequence is selected from multiple candidates overlaid OFDM sequences on one or more OOK ‘ON’ symbols, and OFDM-based LP-WUR obtain LP-WUS information at least by overlaid OFDM sequence(s). 
· Option 4: Use of modulated overlay sequence with constellation point: overlay sequence acting as a spreading sequence and constellation point carrying information for OFDM-based LP-WUR. 
Other options are not precluded.
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