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Introduction
A new study item on low power wake-up-signal (LP-WUS), was agreed in RAN plenary meeting #97-e which targets further reduction of power consumption with limited impact on latency [1]. In RAN1 #111 meeting. the following agreement and conclusions were made for LP-WUS signal design and procedure [2]:  
	Agreement
· Study generation and link performance of multi-carrier (MC)-ASK (including OOK) waveform
· [bookmark: _Hlk127384752]Study techniques to generate waveform by modulating sub-carriers of CP-OFDM [FFS : drop CP at transmitter)] symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS. 
· Note that above does not preclude DFT-S-OFDMA 
· Study generation and link performance of multi-carrier (MC)-FSK waveforms
· Study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol [FFS : drop CP at transmitter)] symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS.
· Study link performance of OFDMA-based signals/channels considering at least the existing signal/channel structure (e.g. CSI-RS, SSS)
· Other signal/channel structures are not precluded
· For next meeting, companies to provide input on aspects to consider that might impact link performance
Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI

Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode,
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)



In the contribution, we present our views for wake-up signal design and procedure for LP-WUS based on the agreement.  
Wake-up signal design 
2.1 Modulation and Coding for LP-WUS   
RAN1 agreed to study OOK, FSK and OFDM-based existing signals/channels (e.g., CSI-RS, SSS) for LP-WUS. Currently, for receiver architecture, RAN1 focuses on receivers applicable to OOK and FSK [2]. Without clear understanding of ‘low-power’ receiver architecture for existing OFDM-based signals/channels reception, it would be difficult to evaluate the feasibility of such signals/channels as LP-WUS with reasonable power consumption, e.g., no larger than milliwatt (mW). If the receiver architecture requires phase-coherent reception, which typically consumes large power, it is meaningless to introduce LP-WUS/LP-WUR. Therefore, the study of OFDM based signals/channels for LP-WUS should be deprioritized. 
[bookmark: _Hlk127384187]Proposal 1: Deprioritize study of OFDM-based signals/channels based on the existing signal/channel structure (e.g. CSI-RS, SSS).  
For the study of OOK and FSK, down-selection between OOK and FSK should be discussed based on receiver architectures. RAN1 is studying three types of receiver architectures, including Architecture with RF envelope detection, Heterodyne architecture with IF envelope detection and Homodyne/zero-IF architecture with baseband envelope detection. All receiver architectures are considered suitable for OOK modulation. Some of the architectures can be applicable for FSK [2]. For each receiver architecture, the evaluation of power consumption and performance for OOK and FSK should consider impact of co-channel and adjacent-channel interference and time/frequency error. Some initial evaluation for OOK is provided in our companion contribution [3] with different assumptions of filtering, timing/frequency error, number of ADC bits and interference. 
[bookmark: _Hlk127384216][bookmark: _Hlk127384408]Proposal 2: Study OOK and FSK as modulation scheme for LP-WUS based on receiver architecture discussed under 9.13.2, with evaluation of power consumption/complexity of LP-WUR and sensitivity/coverage, considering robustness against co-channel/adjacent-channel interference and against larger time/frequency error for different receiver architecture. 
To improve detection performance, channel coding can be applied, but decoding complexity should be limited to a reasonable range. Simple coding scheme such as Manchester code adopted by 802.11ba LP-WUS or repetition code can be considered. Some initial evaluation of link level performance for OOK with Manchester code and repetition code is provided in our companion contribution [3]. 
[bookmark: _Hlk127384443]Proposal 3: Study coding scheme for LP-WUS, taking Manchester code and repetition code as starting point. 
2.2 Waveform for LP-WUS   
Though LP-WUR is a separate receiver from main radio at UE side, LP-WUS and other NR DL signals/channels at gNB side generated by single transmitter is desirable. Thus, to reuse existing NR OFDM generator, generating OOK/FSK symbol by modulating sub-carriers of CP-OFDM should be the baseline. 
Within one OFDM symbol, there can be single or multiple OOK/FSM symbols, which may depend on how to generate OOK/FSK symbols. Taking OOK-based LP-WUS as an example, 
· DFT-s-OFDM based OOK 
Multiple OOK symbols can be generated before DFT operation. Each OOK ‘On’ symbol consists of N samples which can be an implementation-based or specified sequence and each OOK ‘Off’ symbol consists of N samples of zero.  After DFT operation, the LP-WUS signals are mapped to subcarriers within the bandwidth of LP-WUS, and other NR signals are mapped to remaining subcarriers with sufficient guard band between LP-WUS and NR signals. After IDFT operation, CP is inserted for the OFDM symbol.  The SCS for LP-WUS signal can be same as NR signals in main radio, e.g., same as SCS of SS/PBCH. 
Since there is no CP between two adjacent OOK symbols within one OFDM symbol, there would be ISI under multi-path environment, which in turn restrict the minimum duration for one OOK symbol. With a given SCS, the restriction of minimum duration for one OOK symbol is equivalent to the restriction of maximum number of OOK symbols per OFDM symbol. In our companion contribution [3], evaluation results for different number of OOK symbols per OFDM symbol is provided, under TDL-C channel. It can be seen that a lower number of OOK symbols per OFDM symbol provides better link performance, in the condition that the total duration for an information bit is the same. Based on evaluation, M =8 can be considered as upper bound for the number of OOK symbols per OFDM symbol. 
Another issue of DFT-s-OFDM based OOK generation is the impact of unequal CP length in NR frame structure. Taking SCS 15kHz as example, one CP is about 0.52us longer for every 7 OFDM symbols. Such unequal CP length has negative impact to the sampling of OOK symbols at LP-WUS receiver. 
· OFDM-based OOK 
Single OOK symbol is carried by one OFDM symbol. Single OOK symbol occupies the whole bandwidth of LP-WUS.  Other NR signals are mapped to remaining subcarriers with sufficient guard band between LP-WUS and NR signals. After IDFT operation, CP is inserted for the OFDM symbol.  In other words, CP is added for each OOK symbol in this scheme. 
If the interference from adjacent subcarriers can be negligible, e.g., with guard band, one OFDM for OOK ‘Off’ symbol is almost zero value in time domain after removing CP, without impact from OOK ‘On’ symbol, as long as CP length is sufficient for multi-path delay. To achieve comparable data rate with DFT-s-OFDM case, larger SCS than NR signals in main radio can be considered. Though existing NR already supports different SCS for different signals/channels, e.g., SCS for SS/PBCH can have different SCS from active BWP, larger guard band may be needed, and the complexity would be increased, compared with single SCS case. With the simulation assumptions in [3], we provide performance comparison of DFT-s-OFDM based OOK and OFDM-based OOK in Figure 1. The gains of more than 1 dB or 0.5dB for the OFDM-based OOK generation if OOK symbol duration is respectively about 4.17us or 8.33us. The gain becomes larger with reduced OOK symbol duration since the impact of ISI becomes severe for low OOK symbol duration. 
[image: ]
Figure 1: Link performance comparison for DFT-s-OFDM based OOK and OFDM-based OOK
RAN1 can further study above two mechanisms for LP-WUS signal generation, with consideration of complexity, achievable data rate, robustness to time and frequency fading channel. 
[bookmark: _Hlk127384558]Proposal 4: Study multi-carrier OOK/FSK for OFDM-based LP WUS. 
· Study OFDM-based OOK with one OOK/FSK symbol per OFDM symbol. SCS of LP-WUS can be larger than NR signals in main radio. 
· Study DFT-s-OFDM-based OOK with up to M OOK/FSK symbols per OFDM symbol. M=8 can be starting point. SCS of LP-WUS can be same as SCS of SS/PBCH in main radio. 
· Further study the impact of CP 
2.3 Channel structure in time domain   
LP-WUS signal may consist of 2 parts in time domain for different purposes: 1st part is to at least achieve AGC and frequency/time synchronization and identify LP-WUS presence, and 2nd part is to carry wake-up message. 
For 1st part, a known sequence is to be defined, which can enable LP-WUS presence detection and also achieve required frequency/time synchronization accuracy for wake-up message decoding in 2nd part. Sequence design should consider detection performance (e.g., auto-correlation), overhead, power consumption and complexity. 
For 2nd part, information bits are to be transmitted, indicating at least LP-WUS target ID, e.g., UE group identification (similar to UE group per paging occasion), or UE sub-group identification (similar to sub-group index carried by PEI). To keep LP-WUR design simple, same modulation (OOK or FSK) for both part 1 and part 2 is desirable. 
As discussed in RAN1 #111 meeting, there could be two types of LP-WUS. A first type of LP-WUS is to wake-up main radio. The resource for the LP-WUS is configured with periodicity but the LP-WUS is transmitted aperiodically on-demand, e.g., when paging for the UE comes. Another type of LP-WUS is for frequency and time synchronization for LP-WUR, which may also be useful for RRM measurement as discussed in section 3.3. Such LP-WUS (aka LP-SS) is transmitted periodically. For different type of LP-WUS, the time structure may be different. For example, for LP-SS, 1st part may be sufficient, if the LP-SS is only for synchronization (maybe also for serving cell RRM measurement). For LP-WUS, 1st part and 2nd part would be needed or only 2nd part would be sufficient, which depends on the presence of LP-SS and the gap between occasions of LP-SS and LP-WUS. 


Figure 2 LP-WUS structure in time domain
[bookmark: _Hlk127385068]Proposal 5: Study LP-WUS structure based on two parts, 
· 1st part is at least for LP-WUS presence detection and frequency/time synchronization. 
· 1st part is a known-sequence. 
· 2nd part is for wake-up message. 
· 2nd part consists of a string of information bits. 
· The information bits include at least LP-WUS target ID, e.g., paging group, paging subgroup ID. 
· FFS whether same or different parts for periodic LP-SS and aperiodic LP-WUS 
A LP-WUS may occupy one or multiple consecutive OFDM symbols within a slot or over multiple slots. Different LP-WUS, e.g., LP-WUS for different UE group, can be in consecutive or non-consecutive symbols. To monitor LP-WUS, at least the start of LP-WUS for every monitoring occasion of LP-WUS should be known by UE, according to configuration or derived according to transmission occasions by main radio, e.g., the paging occasion. For different type of LP-WUS, the monitoring occasions can be different, e.g., periodicity of LP-SS should take the synchronization requirement into account while periodicity of LP-WUS should considers the relation to paging cycle. 


Figure 3 LP-WUS occasion with different possible durations
[bookmark: _Hlk127385234]Proposal 6: Study LP-WUS monitoring occasions for periodic LP-SS and aperiodic LP-WUS
· The periodicity and offset for LP-WUS occasions can be configured by gNB. 
· The duration of a LP-WUS occasion can be one or multiple consecutive OFDM symbols within a slot or over multiple slots. 
2.4 Channel structure in frequency domain   
The bandwidth is one basic aspect for LP-WUS design. Typically, larger bandwidth would result in better detection performance, meanwhile, it leads to larger overhead and larger UE power consumption. According to our evaluation [3], bandwidth around 5 MHz (e.g., 12 PRBs with SCS =30 KHz) would achieve a good balance between performance and overhead. The gain for larger BW is not significant. In fact, if Tx power for the different BW options is normalized, a BW of 24 PRBs results in even performance loss.  
LP-WUS can be located in the same band with other NR channels/signals, aka in-band LP-WUS. Within a NR carrier, LP-WUS can be multiplexed with other NR channels/signal in different PRBs with guard band to reduce adjacent channel interference/blocking. Based on our evaluation [3], the guard band with 2 PRBs with SCS=30KHz would be sufficient.  Thanks to the Rx filter at the receiver, even in a worst case that the power of adjacent subcarrier is 6dB higher than a subcarrier of the LP-WUS, the performance degradation is marginal for guard band with 2 PRBs. 
As discussed above, LP-WUS can be transmitted aperiodically, thus some of the configured LP-WUS resource is not used by LP-WUS which can be reused for NR signal/channels. To reduce the overhead of LP-WUS in the carrier, mechanisms to enable dynamic utilization of these unused resource for NR DL signal/channel or NR UL signal/channel (for TDD case) should be studied.  
[bookmark: _Hlk127385320]Proposal 7: Study in-band LP-WUS which can be multiplexed with NR channels/signals in different PRBs within a carrier. 
· LP-WUS bandwidth around 5MHz + 2 PRBs guard band at each side can be the baseline. 
· Study mechanism to utilize unused LP-WUS resource for NR DL/UL signal/channels 
2.5 Interference handling 
LP-WUS reception suffers intra-cell and inter-cell interference. Intra-cell interference comes from other LP-WUS or NR signal/channel from adjacent sub-carriers. The intra-cell interference can be marginal with few PRBs as guard band as discussed in section 2.4. Inter-cell interference is more challenge. The inter-cell interference may come from a LP-WUS or other NR signal/channel in neighbour cell. Typically, to reduce inter-cell interference, coordination between gNBs can be applied, e.g., muting or using different time/frequency resource for LP-WUS in different cells, or interference randomization based on specific ID such as cell ID can be applied, e.g., using different base sequence or scrambling according to different cell ID. With envelope detection, the mechanism/criterion to find proper sequence/scrambling for OOK/FSK-based LP-WUS could be different from legacy NR signals. 
Proposal 8: Evaluate the impact of inter-cell interference and study mechanism for inter-cell interference handling. 
Procedures for wake-up signals in Inactive/Idle mode 
3.1 Activation/deactivation of LP-WUS monitoring in inactive/Idle mode 
For a UE capable of LP-WUS monitoring by LP-WUR, the mechanism to activate/deactivate LP-WUS monitoring can be studied. gNB has flexibility to configure LP-WUS or not, based on the cell-specific characteristic or UE-specific characteristic. Therefore, gNB can activate/deactivate LP-WUS monitoring by cell-specific signaling or UE-specific signaling. In addition, channel environment for a UE may dynamically change and the UE may not timely report such variation to gNB, e.g., UE may move from cell center to cell edge when the UE is in RRC idle state, the required SINR/sensitivity of LP-WUS may not be met. Therefore, mechanism to determine whether to activate/deactivate LP-WUS monitoring based on UE measurement is needed. For example, if the measurement result by LP-WUS or by main radio is below a threshold, UE may stop LP-WUS monitoring and fall back to legacy DRX operation by main radio. UE may activate/deactivate LP-WUS monitoring without informing gNB, e.g., in RRC idle/inactive state, or UE may inform gNB upon change of its fulfilment status for LP-WUS monitoring, which may require UE to turn on main radio to establish RRC connection with gNB. The additional UE power consumption caused by the report should be considered for overall power consumption evaluation. 
[bookmark: _Hlk127385459]Proposal 9: For activation/deactivation of LP-WUS monitoring, study the activation/deactivation mechanism based on gNB configuration and UE initiated procedure with or without report to gNB. 
3.2 Procedure upon detection of LP-WUS in Inactive/Idle mode  
For a UE in RRC idle or inactive mode, the main radio is powered off / in ultra-deep sleep until UE receives its own wake-up information. After LP-WUR detects the wake-up information for the UE, UE procedure for main radio can be different, depending on the content carried by LP-WUS and the measurement functionality supported by LP-WUS. In general, 3 possible procedures upon detection of LP-WUS are provided below.    
Option 1: LP-WUS can help to identify whether to monitor PEI. LP-WUS may indicate that the group of UEs of a PO is paged, and/or TRS availability indication as defined for DCI format 2_7. But since LP-WUS only indicates the group to be paged, UE needs to turn on main radio and monitor PEI PDCCH to know the paged sub-group of the PO if PEI and paging sub-grouping is configured. Before reception of PEI, UE may need to monitor reference signals by main radio, e.g., monitor SSB and/or TRS for RRM measurement and time/frequency synchronization which is required for the reception of PDCCH/PDSCH. Apparently, such measurement by main radio before reception of PEI increases latency and power consumption, e.g., more than 40ms latency caused by measurement for 3 SSB shown in Figure 4 case (A).    


Figure 4 Different cases for UE procedure option 1
Option 2: LP-WUS can replace PEI, e.g., the early indication of the sub-groups of paging occasions and/or the TRS availability indication as defined for DCI format 2_7 can be indicated by the LP-WUS. Then, if UE is indicated to monitor paging occasion, UE turns on main radio for PO reception. Similar to option 1, before reception of control/data, UE may need to perform at least some of measurements by main radio. 


Figure 5 Different cases for UE procedure option 2
Option 3: LP-WUS can replace paging PDCCH at least for some cases. Early indication of the ID of a UE to be paged, TRS availability as well as intended operation for the paged UE can be indicated by the LP-WUS. For example, short message indication with or without short message can be indicated by LP-WUS.  Consequently, if a UE identifies that it is paged by the LP-WUS and only short message would be transmitted by paging PDCCH or not, the UE can turn on main radio and directly attempts to receive other control/data, e.g., monitor system information update without monitoring PO as shown in Figure 6, or UE can turn on main radio to perform RACH procedure for RRC connection. Similar to option 1, prior to reception of control/data, UE may need to perform at least some of measurements by main radio. 
Comparing with option 1 & option 2, the option 3 may require much larger payload, which in turn degrades the performance and power consumption for LP-WUS.  Option 3 can be deprioritized for now. 
[bookmark: _Hlk127385475]Proposal 10: Study at least following 2 possible UE procedures upon detection of LP-WUS in RRC idle/inactive mode
· Option 1: Main radio is off until UE identifies its LP-WUS. UE may still need to monitor PEI after turning on the main radio, assuming UE can obtain group information of PO but without sub-group information by LP-WUS.
· Option 2: Main radio is off until UE identifies its LP-WUS. UE may directly decode Paging PDCCH/PDSCH without PEI after turning on the main radio, assuming UE can obtain at least sub-group information of PO by LP-WUS.



Figure 6 Different cases for UE procedure option 3
3.2 RRM measurement and mobility in Inactive/Idle mode  
Based on existing RRM requirement, UE shall perform measurement of the serving cell and evaluate the cell selection criterion S at least once every M1*N1*I-DRX cycle [4], where M1=2 if SMTC periodicity > 20ms and DRX cycle ≤0.64 second, otherwise M=1. Consequently, UE has to turn on main radio for RRM measurement every M1 DRX cycle, even if no paging is to be received in the DRX cycle. Apparently, the RRM measurement power consumption by main radio limits power saving gain of LP-WUS.
To reduce power consumption caused by measurement by main radio, RRM measurements for serving cell could be offloaded to LP-WUR. Unlike the LP-WUS to wake-up main radio, which is aperiodically transmitted on demand, LP-WUS for RRM measurement should be transmitted periodically, e.g., based on LP-SS. In addition to measurement based on LP-SS, UE may also perform RRM measurement at least based on part 1 of aperiodic LP-WUS. Similar to existing RRM measurement metric, RSRP and RSRQ-like measurement can be performed based on LP-WUS, but how to derive the metric based on OOK symbol or FSK symbol and achievable accuracy could be different from the metric based on NR SSB or CSI-RS. 
To reduce the impact of mobility, how to offload RRM measurement by LP-WUR should be carefully studied. The criterion to offload RRM measurement to LP-WUR should be studied, with consideration of desired channel quality to achieve required accuracy of RRM measurement by LP-WUS. With aid of RRM measurement by LP-WUR, whether UE still needs to turn on main radio for RRM measurement but with longer evaluation period than existing evaluation period or UE can get rid of any RRM measurement by main radio can be studied. 
Regarding whether RRM measurement for neighbor cell is supported by LP-WUS, RAN1 should first determine typical SINR for LP-WUS reception. UE initiates the measurement of neighbor cells if the UE has evaluated serving cell quality which does not fulfil the criterion. If target SINR for LP-WUS reception is even higher than the threshold to initiate neighbor cell measurement, there is no use case to consider neighbor cell measurement based on LP-WUS. If neighbor cell measurement based on LP-WUS is not supported, there is no need to identify tracking area or RAN area by LP-WUS. On the contrary, if neighbor cell measurement based on LP-WUS is supported, larger payload of LP-WUS may be needed, e.g., to carry tracking area/RAN area/Cell ID. Furthermore, other information originally carried by MIB or SIB may also need to be carried by LP-WUS for cell re-selection procedure. The standard effort in RAN1, RAN2 and RAN4 for neighbor cell measurement would be large. 
[bookmark: _Hlk127385510]Proposal 11: Study RRM measurements performed by LP-WUR for serving cell in RRC idle/inactive mode.
· Study RSRP, RSRQ-like metric based on OOK/FSK symbols. 
· Study the criterion to offload RRM measurement to LP-WUR. 
· Study potential relaxation of RRM measurement requirement for main radio with aid of LP-WUR. 
Proposal 12: Further study the feasibility of RRM measurements performed by LP-WUR for neighbouring cell. 
Procedure for RRC connected mode  
For RRC connected mode, LP-WUS may also reduce UE power consumption, but the gain would be relatively smaller than the case of RRC idle/inactive state, because the main radio is typically in light or micro sleep to avoid prolonged latency caused by ramp-up time for ultra-deep sleep mode. 
For RRC connected mode, target scenarios may need to be clarified first. Currently, two scenarios were proposed. 
Scenario 1: DRX is configured for a UE. LP-WUS is monitored within on duration to trigger PDCCH monitoring. Within on duration, PDCCH monitoring depends on the detection of LP-WUS, e.g., UE does not perform PDCCH monitoring in USS before UE receives its own LP-WUS. Power consumption can be reduced depending on how many PDCCH monitoring occasions can be saved, which highly depends on potential miss-match between DRX configuration and traffic arrival. For example, for XR case with jitter, the power reduction gain would be marginal with smaller jitter while material power reduction gain can be observed with large jitter. However, for the case of large jitter, it would be meaningless to configure DRX, e.g., with on-duration of 16ms to accommodate 8ms jitter with 16.67ms cycle. Therefore, reasonable assumption for scenario 1 needs further discussion.  
Scenario 2: DRX is not configured for a UE. LP-WUS may indicate whether to enter on-duration. Different from on-duration by legacy DRX operation which appears periodically based on DRX configuration, the location of on-duration triggered by LP-WUS varies with detection of LP-WUS. For this scenario, the power consumption of LP-WUR increases compared with DRX-based mechanism, but the latency can be shortened. However, considering potential measurement and time/frequency synchronization, the latency reduction gain would be reduced. 
For both scenarios, it may require UE-specific LP-WUS, and the appearance of the LP-WUS may be much frequent than the case for RRC idle/inactive state. The overhead of LP-WUS would be a problem, otherwise, the latency can not be ensured with sparse LP-WUS transmission which would be inacceptable for RRC connected mode. 
Another issue of LP-WUS for RRC connected mode is, whether RLM/BFD/CSI measurement and time/frequency tracking is offloaded to LP-WUS. It is critical to maintain timely monitoring and recovery of link quality to avoid undesirable service interruption in RRC connected mode. Careful study on the feasibility of RLM/BFD/CSI measurement and time/frequency tracking by LP-WUR is needed to well-justify the motivation. The evaluation of potential power saving and latency gain should consider both cases of measurement by main radio and by LP-WUR. 
It is noted, though unified design for LP-WUS signal for RRC connected and idle/inactive mode is desirable to reduce standard effort and simplify the implementation, considering different performance requirement and different functionality of LP-WUS for different RRC mode, whether separate or unified design for these RRC modes needs further discussion.  
In summary, whether support LP-WUS for RRC connected mode needs further discussion. 
Proposal 13: Further discuss the need of LP-WUS for RRC connected mode.
Conclusion
[bookmark: _Ref524868549][bookmark: _Ref28076734][bookmark: _Ref505694604][bookmark: _Ref471775016]In summary, we have the following list of proposals for LP-WUS signal design and procedure. 
Proposal 1: Deprioritize study of OFDM-based signals/channels based on the existing signal/channel structure (e.g. CSI-RS, SSS).  
Proposal 2: Study OOK and FSK as modulation scheme for LP-WUS based on receiver architecture discussed under 9.13.2, with evaluation of power consumption/complexity of LP-WUR and sensitivity/coverage, considering robustness against co-channel/adjacent-channel interference and against larger time/frequency error for different receiver architecture. 
Proposal 3: Study coding scheme for LP-WUS, taking Manchester code and repetition code as starting point. 

Proposal 4: Study multi-carrier OOK/FSK for OFDM-based LP WUS. 
· Study OFDM-based OOK with one OOK/FSK symbol per OFDM symbol. SCS of LP-WUS can be larger than NR signals in main radio. 
· Study DFT-s-OFDM-based OOK with up to M OOK/FSK symbols per OFDM symbol. M=8 can be starting point. SCS of LP-WUS can be same as SCS of SS/PBCH in main radio. 
· Further study the impact of CP 
Proposal 5: Study LP-WUS structure based on two parts, 
· 1st part is at least for LP-WUS presence detection and frequency/time synchronization. 
· 1st part is a known-sequence. 
· 2nd part is for wake-up message. 
· 2nd part consists of a string of information bits. 
· The information bits include at least LP-WUS target ID, e.g., paging group, paging subgroup ID. 
· FFS whether same or different parts for periodic LP-SS and aperiodic LP-WUS 
Proposal 6: Study LP-WUS monitoring occasions for periodic LP-SS and aperiodic LP-WUS
· The periodicity and offset for LP-WUS occasions can be configured by gNB. 
· The duration of a LP-WUS occasion can be one or multiple consecutive OFDM symbols within a slot or over multiple slots. 
Proposal 7: Study in-band LP-WUS which can be multiplexed with NR channels/signals in different PRBs within a carrier. 
· LP-WUS bandwidth around 5MHz + 2 PRBs guard band at each side can be the baseline. 
· Study mechanism to utilize unused LP-WUS resource for NR DL/UL signal/channels 
Proposal 8: Evaluate the impact of inter-cell interference and study mechanism for inter-cell interference handling. 
Proposal 9: For activation/deactivation of LP-WUS monitoring, study the activation/deactivation mechanism based on gNB configuration and UE initiated procedure with or without report to gNB. 
Proposal 10: Study at least following 2 possible UE procedures upon detection of LP-WUS in RRC idle/inactive mode
· Option 1: Main radio is off until UE identifies its LP-WUS. UE may still need to monitor PEI after turning on the main radio, assuming UE can obtain group information of PO but without sub-group information by LP-WUS.
· Option 2: Main radio is off until UE identifies its LP-WUS. UE may directly decode Paging PDCCH/PDSCH without PEI after turning on the main radio, assuming UE can obtain at least sub-group information of PO by LP-WUS.
Proposal 11: Study RRM measurements performed by LP-WUR for serving cell in RRC idle/inactive mode.
· Study RSRP, RSRQ-like metric based on OOK/FSK symbols. 
· Study the criterion to offload RRM measurement to LP-WUR. 
· Study potential relaxation of RRM measurement requirement for main radio with aid of LP-WUR. 
Proposal 12: Further study the feasibility of RRM measurements performed by LP-WUR for neighbouring cell. 
Proposal 13: Further discuss the need of LP-WUS for RRC connected mode. 
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