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1. [bookmark: _Toc120549591]Introduction
In previous meetings, some basic principles were agreed with respect to the following aspects [1], waveform modulation, synchronization methods, monitoring behaviors, etc. In this contribution, we would like to share our further views on these topics. 
2. Discussion 
2.1 Bandwidth/Carriers
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)


Flexible location of LP-WUS is preferred:
· For LP-WUS location within a carrier, the advantage of the LP-WUS bandwidth at a certain location is a lower requirement for the hardware and easier to implement than flexible location. The disadvantage of bandwidth restriction is it will cause the scheduling restriction when multiplexing with other NR signals. 
· So far RF/IF/BB based receiver architectures is proposed for LP-WUR study. It is not flexible to change BW location for RF based receiver architecture due to RF filter is fixed. However, IF/BB is flexible for BW location.  
LP-WUS bandwidth is inside or outside of DL BWP: 
· If the LP-WUS is configurable within carrier/BWP in a band, another issue that needs discussion is whether the LP-WUS should always be confined within the initial DL BWP. Initial DL BWP is located in a limited BW and fixed location. LP-WUS may occupy 5MHz BW and different UE/group may be located in different frequency resources. Hence restricting LP-WUS to be confined within the initial DL BWP is not flexible. 
· Moreover, the LR can receive signals independently of MR. Therefore, whether the LP-WUS bandwidth is inside or outside of DL BWP can be considered.
Proposal 1. Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered.
Whether the LP-WUR and MR should be operated in the same band has been discussed in previous meetings. It may lead to the high cost if LP-WUR need to be support all bands of MR. Therefore, at least it should consider the case when the LP-WUR receives LP-WUS in a band/carrier which are not for MR receiving.
Proposal 2. Support LP-WUS and signals/channels used by MR could be located in different band/carrier.
If the LP-WUS are supported in a different band/carrier than MR, it is reasonable for LP-WUS to pick some basic bands as the supporting bands/carriers. Due to the capability gap between LP-WUR and MR receiver, the number of the supporting band of LR should be less than the MR. The LP-WUR only receiver LP-WUS in certain bands to wake the MR at the proper time. In addition, how to wake up the MR by LP-WUS if they are in different bands/carriers should be further studied. For example, allowing LP-WUS carrying information of which carrier/band to be waked up. 
Proposal 3. The number of bands/carriers supported by LP-WUR could be less than for the MR.
Proposal 4. LP-WUS can wake up the MR in a different band/carrier to the LP-WUR. 
Proposal 5. Capture in the TR38.869 section 7.2.1.2 that,
Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered. LP-WUS and MR could be located in different band/carrier. The number of bands/carriers supported by LP-WUR could be less than for the MR. LP-WUS can wake up the MR in a different band/carrier to the LP-WUR.
2.3 Idle/Inactive mode
2.3.1 Activation/Deactivation procedures of LP-WUS
	Agreement
· For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.


For Idle/Inactive mode, three alternatives are being considered for activation/deactivation LP-WUS. In our view, we prefer to support Alt 1b and Alt 2 as we think it is more reasonable to justify whether to activate/deactivate LP-WUS monitoring by gNB. 
· For Alt 1b, the gNB can per-configure the criteria of LP-SS measurement by setting the threshold of LP-RSRP/LP-RSRQ/LP-SINR. When the measurement result satisfies the criteria, the LP-WUR can be activated/deactivated. 
· For Alt 2, gNB could activate LP-WUS monitoring by SIB or dedicated RRC signaling based on the comprehensive assessment of network conditions. Meanwhile, gNB could can terminate the LP-WUS monitoring by wake-up signaling based on assistant information, e.g., UE could send the measurement report as an assistant information to help gNB determined whether to activated or deactivated the LP-WUR.
Proposal 6. Capture in the TR38.869 that, Alt 1b and Alt 2 is recommended for activation and/or deactivation of LP-WUS monitoring.
Besides that, when we consider the scheme of LP-WUR activated and deactivated, it is more reasonable to discuss them separately. The measurement function and criteria may be different when activating and deactivating the LP-WUR.  For example, it may be stricter to activate the LP-WUR to help UE into the ultra-deep-sleep mode, we need to ensure the UE is in good coverage and in low-mobility status at the same time, while if we want to deactivate the LP-WUR, the criteria may be very easier to satisfy.
One example is Alt 1a for deactivation of LP-WUS monitoring, and Alt 2 for activation of LP-WUS monitoring.
Proposal 7. Capture in the TR38.869 that, the activated scheme and the deactivated scheme should be discussed separately.
2.3.2 Procedures for MR upon wake-up from ultra-deep sleep 
	Proposal-13(in RAN1#112): Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· Option 1: perform PO monitoring, and afterwards follow legacy procedures 
· Option 2: perform PEI monitoring, and afterwards follow legacy procedures
· Option 3: transmit PRACH for initial access, and follow legacy procedures 
· Option 4: monitor system information, and follow legacy procedures


Among the 4 options, 
· Option 1 and Option 2 has less specification impact. It is the legacy IDLE/INACTIVE state UE procedure after UE is turned on after sync/resync. When LP-WUR received a positive LP-WUS indicator, MR will start to receive paging PDCCH. The LP-WUS can carrier per-group information that each occasion is associated with one or more POs. LP-WUS on this option also needs to carry more than one bit of information and requires a high transition rate. It is worth studying and evaluating the payload and the power saving gain of different options.
· Option 3 and Option 4 has much specification impact but can reduce the paging latency at the same time. For option 3, LP-WUS can convey UE-ID by itself to support paging and wake up its MR by comparing matching UE-ID. The MR will initiate PRACH directly to establish the RRC connection. This option can provide considerable paging latency and power saving gain, but increases the cost of overhead which is more complicated to LP-WUS design. This option is not suitable for the current stage but worth to be further study.

Proposal 8. Option 1 and Option 2 have less specification impact and are recommended as procedures of MR wake-up from ultra-deep sleep:
· Option 1: perform PO monitoring, and afterwards follow legacy procedures; 
· Option 2: perform PEI monitoring, and afterwards follow legacy procedures.
2.3.3 Synchronization
	Agreement
The following observations are to be captured in the TR
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
· RRM measurements by LP-WUR, if supported 
· at least coarse time synchronization of LP-WUR. 
· at least coarse frequency synchronization of LP-WUR.
· Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
· For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
· Periodic LP-SS coverage should be equal or better than that of LP-WUS.
· For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.


Due to the LP-SS being independent of LP-WUS, the structure of LP-SS can be different from the LP-WUS, for example, the LP-WUS may be designed by encoded bits as it needs to carry much information, the LP-SS may be the sequence-based if it just for synchronize with less information to convey. Besides that, the waveform of LP-SS could also be different from LP-WUS when MR offloads some measurement functions to LP-SS. However, no matter the structure of LP-SS changes, it should be received by the LP-WUR. The multiple types of waveforms and structures will correspond to multiple receiver architectures. Considering the complexity of LP-WUR, it is better to keep the same waveform and structure of LP-WUS and LP-SS. Furthermore, the network overhead, power consumption, and detection accuracy of different structures of LP-SS need to be discussed and simulated to determine the best waveform and structure of LP-SS.
Proposal 9. Support the same waveform design for LP-WUS and LP-SS to decrease the complexity of LP-WUR.
2.3.4 RRM measurements 
	Agreement
· For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required. 
· Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
· Note: The definition of metrics could be further refined based on future study 
Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content
· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
· FFS: Condition for relaxation if any
· Can apply for both neighboring and serving cell
· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Above MR measurement under certain conditions can apply for both neighboring and serving cell
· Potentially with relaxation methods for MR neighboring cell measurement 
· Other alternatives are not precluded
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR


In the previous discussions, LP-WUR could be used to assist MR measurement and designed certain metrics for LP-WUR RRM measurement. For the Idle/Inactive mode, LP-SS measurement is considered to assist the relaxation of the serving/neighboring cell RRM measurements in MR, which can largely save power. However, due to the limited capability of LP-WUR, it is hard for LP-WUR to reach the same measurement accuracy as the MR receiver. Therefore, how to use the LP-WUR measurement quantities should also be discussed. It is recommended to find a relationship of LR and MR measurement to ensure the measurement quality. For example, if the LR measurement can be applicable to cell re-selection, S-criteria, and R-criteria could consider both MR measurement and LR measurement at that time. It will save much power if we could find a balanced way to determine the master measurement method to guarantee the best performance in certain conditions
Proposal 10. Capture in the TR38.869 that, 
Measurement by LP-WUR should guarantee the performance is not largely impacted. Jointly consider MR and LR measurement results is beneficial.
2.4 Connected mode
	Agreement
· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded
· for evaluation 
· companies to report 
· assumption on MR sleep state when LP-WUR is monitoring LP-WUS
· deep sleep,
· light sleep, 
· micro sleep
· how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
· LP-WUS waveform
· In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
other options are not preclude


Rel-16 DCP and Rel-17 PDCCH skipping/SSSG switching are used to indicate UE the PDCCH monitoring adaptation to reduce the PDCCH monitoring power consumption. For LP-WUS in RRC_CONNECTED state, a similar function can be provided. Since we design a new LP-WUS in Rel-18 to replace this function, a joint design for LP-WUS is needed to reduce the workload and spec impacts. For example, the Rel-18 LP-WUS can be used independently from DRX configuration, and whether the LP-WUS in RRC_CONNECTED state is based on group or UE-specific can be further studied. 
Proposal 11. For UE in RRC_CONNECTED state, LP-WUS is used to indicate UE whether to monitor PDCCH and can be used independently for CDRX and non-CDRX configuration.
For the UE in RRC_CONNECTED mode, the LP-WUS aims to reduce the PDCCH monitoring power consumption per UE, hence the UE-specific ID information (e.g., C-RNTI) should be carried by LP-WUS, e.g., LP-WUS content, UE-specific time-frequency resource for LP-WUS
Proposal 12. For RRX CONNECTED state, UE-specific ID information (e.g., C-RNTI) should be carried by LP-WUS, e.g., LP-WUS content, UE-specific time-frequency resource for LP-WUS.
2.4 Coverage
	Agreement
· Study the following techniques/mechanisms to enhance coverage performance of LP-WUS
· low complex channel coding 
· FEC
· spreading code in time domain
· time domain repetition 
· with combining before or after ED
· time-domain interleaving
· Note: Also Manchester coding can be considered as channel code     
· non-contiguous transmission in the frequency domain
· frequency domain repetition 
· frequency-hopping
· power-boosting
· transmit diversity
· study whether any above techniques could be transparent to UE.


If the coverage gap between LP-WUR and MR exists, how to handle the partial coverage issue of LP-WUS needs to be further studied. It is reasonable to consider how to trigger the transition between LP-WUS and other UE power saving techniques. For example, when UE is located at the cell center, the LR and MR can be received at the same time, the UE could apply the LP-WUS by setting the LP-WUS as the first-priority power-saving method in this situation. When the UE moves from the cell center to the cell edge, due to the smaller coverage of LP-WUS, it is reasonable to set a decision scheme to help UE switch the power saving function. One solution is setting the RSRP and RSRQ tolerance threshold value of LP-WUS. When the measured value is lower than the threshold, it means UE at the coverage hole and needs to apply other power saving techniques such as PEI or DCP. Then, UE could turn off the LP-WUR until the measurement RSRP/RSRQ value reaches the LP-WUR threshold in the next measurement cycle. If the measurement value is higher than the threshold, which represents UE could apply the LP-WUS rather than other power saving techniques. This method can help UE always on the suitable power-saving mode to overcome the coverage hole between LP-WUR and MR.
Proposal 13. A measurement threshold can be set to trigger the switch between LP-WUS and other paving saving techniques to overcome the coverage hole issue. 
3. Conclusions
In this contribution, some considerations of L1 signal design and procedure for low power WUS are discussed and the following proposals are made.
Proposal 1. Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered.
Proposal 2. Support LP-WUS and signals/channels used by MR could be located in different band/carrier.
Proposal 3. The number of bands/carriers supported by LP-WUR could be less than for the MR.
Proposal 4. LP-WUS can wake up the MR in a different band/carrier to the LP-WUR. 
Proposal 5. Capture in the TR38.869 section 7.2.1.2 that,
Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered. LP-WUS and MR could be located in different band/carrier. The number of bands/carriers supported by LP-WUR could be less than for the MR. LP-WUS can wake up the MR in a different band/carrier to the LP-WUR.
Proposal 6. Capture in the TR38.869 that, Alt 1b and Alt 2 is recommended for activation and/or deactivation of LP-WUS monitoring.
Proposal 7. Capture in the TR38.869 that, the activated scheme and the deactivated scheme should be discussed separately.
Proposal 8. Option 1 and Option 2 have less specification impact and are recommended as procedures of MR wake-up from ultra-deep sleep:
· Option 1: perform PO monitoring, and afterwards follow legacy procedures; 
· Option 2: perform PEI monitoring, and afterwards follow legacy procedures.
Proposal 9. Support the same waveform design for LP-WUS and LP-SS to decrease the complexity of LP-WUR.
Proposal 10. Capture in the TR38.869 that, 
Measurement by LP-WUR should guarantee the performance is not largely impacted. Jointly consider MR and LR measurement results is beneficial.
Proposal 11. For UE in RRC_CONNECTED state, LP-WUS is used to indicate UE whether to monitor PDCCH and can be used independently for CDRX and non-CDRX configuration.
Proposal 12. For RRX CONNECTED state, UE-specific ID information (e.g., C-RNTI) should be carried by LP-WUS, e.g., LP-WUS content, UE-specific time-frequency resource for LP-WUS.
Proposal 13. A measurement threshold can be set to trigger the switch between LP-WUS and other paving saving techniques to overcome the coverage hole issue. 
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