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In 3GPP RAN1#113 meeting [7], several issues related to the waveform design of LP-WUS, the information carried by LP-WUS, the bandwidth and the content of LP-WUS, the synchronization of LP-WUR, and the LP-WUR-based RRM measurement were discussed. In this contribution, we provide our views on the remaining issues.  
Synchronization of LP-WUR 
In RAN1#113 meeting, an agreement related to the synchronization signal used by LP-WUR was agreed as given below [7].
	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.




Periodic LP-SS can be broadcasted, similar to SSB, to carry synchronization and acquisition information. This enables all UEs within the coverage area to synchronize their LP-WUR with the network, establish communication, and decode LP-WUS. The periodicity of LP-SS can follow the existing SSB-based signal. Furthermore, using the same waveform for LP-SS and LP-WUS can reduce specification effort and LP-WUR architecture requirements.
Regarding the structure of LP-SS, two alternatives were discussed in the last meeting: Alt1, sequence-based, and Alt2, sequence + message with encoded bits. Each alternative has its own advantages and disadvantages. Alt1 may have less overhead but cannot carry extra information. On the other hand, Alt2 may increase overhead but can enable/disable continuous monitoring behavior through an encoded message in the LP-SS payload. This capability can help reduce LP-WUR power consumption if a UE is not triggered.
Observation 1:  Using the same waveform for LP-SS and LP-WUS may reduce the specification effort, and LP-WUR architecture requirements.
Observation 2: The sequence + message with encoded bits structure of LP-SS is more beneficial in terms of enabling/disabling continuous monitoring behavior of LP-SS. 
Proposal 1: The structure of LP-SS can contains a sequence for synchronization and a message with encoded bits for activation or de-activation of LP-WUS monitoring. 
Content of LP-WUS 
In RAN1#112bis-e, an agreement related to the content of LP-WUS which contains the information through which UEs are targeted by LP-WUS in idle/inactive state and connected stated was achieved as given below [6]. 
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.




Furthermore, during the RAN1#113 meeting, there was no discussion regarding the content of LP-WUS. However, in this section, we provide our views regarding the content of LP-WUS.
In idle/inactive mode, the LP-WUS may replace the function of Rel-17 PEI, therefore the information on which UEs are targeted by the LP-WUS may include UE group/subgroup ID. In addition, including the cell information in the content of LP-WUS may be beneficial to ensure that the LP-WUS from a specific cell has been successfully received by a UE or group/subgroup of UEs. Regarding SI change and ETWS/CMAS information, as well as tracking area and RAN area information, the UE may need to wake up the MR to obtain this information. The LP-WUR may not process this information, as including it could increase the LP-WUS overhead, leading to higher complexity and power consumption. 
In connected mode, the LP-WUS can target UEs using UE-group/subgroup ID and wake-up indication for the MR, without including other unnecessary information. Including additional information may increase the LP-WUS overhead, leading to higher complexity and power consumption of LP-WUR.

Observation 3: In idle/inactive mode, including additional information in LP-WUS design such as SI change, ETWS/CMAS information, tracking area, and RAN area information could increase overhead, which may result in higher complexity and power consumption of LP-WUR.
Proposal 2: The content of LP-WUS can include the following: 
· UEs group/subgroup ID and cell information in idle/inactive mode
· UEs group/subgroup ID and indication to wake up for PDCCH monitoring in connected mode. 
LP-WUS/LP-WUR monitoring procedure
Activation/De-activation of LP-WUS monitoring
Activation/De-activation of LP-WUS monitoring in idle/inactive state
Regarding the LP-WUS monitoring activation/de-activation in idle/inactive UE the following agreement was achieved in RAN1#113 meeting. 
	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 activation/de-activation of LP-WUS monitoring in idle/inactive state, Alt1a and Alt1b are not feasible options since they focus on the transmission of both PEI and LP-WUS. In this scenario, PEI is detected by the MR of the UE, and LP-WUS may be transmitted before PEI to trigger the MR to wake up and be ready to receive the PEI. Consequently, the MR of the UE is triggered two times - once by LP-WUS and once by PEI. This results in high power consumption compared to the Rel-17 PEI. Similarly, Alt1a and Alt1b may not be feasible for the activation of LP-WUS monitoring as it requires a trigger from the gNB. 
For Alt2, which involves the activation and/or deactivation of LP-WUS monitoring in a cell based on signaling, it may be a more feasible option compared to the Alt1a and Alt1b. However, the signaling mechanism for the activation and deactivation of LP-WUS monitoring requires further study.
In previous RAN1 meetings, various signaling options for activation/deactivation were discussed, such as SIB or dedicated RRC signaling. In our view, the activation and deactivation of LP-WUS monitoring are two separate features/functions. In the idle/inactive state, the signaling used for deactivation of LP-WUS monitoring may not be suitable for the LP-WUS activation. For example, SIB could be feasible for deactivating the LP-WUS monitoring, but it may not be suitable for activating LP-WUS monitoring. This is because before LP-WUS monitoring is activated, the UE's MR is in an ultra-deep sleep state and cannot receive SIB.
Furthermore periodic LP-SS is a suitable choice for activating the LP-WUS monitoring in idle/inactive UE. Periodic LP-SS can carry an extra payload in the form of a bitmap to activate or deactivate the LP-WUS monitoring. For instance, the payload in the LP-SS may contain a bitmap where each bit corresponds to the activation or deactivation of a UE or group of UEs based on their ID. As a result, the LP-WUR only monitors the LP-SS periodically and detects the LP-WUS on a specific occasion when the monitoring is activated by the network through the LP-SS. This behavior avoids continuous monitoring for LP-WUS detection and unnecessary decoding of each LP-WUS, as shown in figure 1. 



Figure 1 LP-WUR Avoids unnecessary LP-WUS detection

Observation 4: For the activation/de-activation of LP-WUS monitoring in the idle/inactive state, Alt1a and Alt1b are not feasible options since they focus on the transmission of both PEI and LP-WUS, which increase the UE power consumption. 
Observation 5: The activation and deactivation of LP-WUS monitoring are two separate features/functions. In the idle/inactive state, the signaling used for deactivation of LP-WUS monitoring may not be suitable for LP-WUS activation.
Observation 6: In idle/inactive state SIB can only be feasible for deactivating the LP-WUS monitoring. 

Activation/de-activation of LP-WUS monitoring in connected state 
Regarding the LP-WUS monitoring activation/de-activation in idle/inactive UE the following agreement were achieved in RAN1#113 meeting. 
	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 precluded.




The activation and deactivation of LP-WUS monitoring in the connected state are two separate functions. Before LP-WUS monitoring is activated, the UE's MR is in an ultra-deep sleep state, preventing it from receiving RRC signaling or other L1/L2 signaling from the gNB. Therefore, RRC signaling or L1/L2 signaling is suitable for deactivating LP-WUS monitoring. This is because the MR is ON and capable of receiving RRC signaling or L1/L2 signaling. In addition, a configured condition such as a timer can be used for deactivating LP-WUS monitoring.
To activate LP-WUS monitoring, the periodic LP-SS can be utilized, as it can be used for LP-WUS monitoring in the RRC idle/inactive state.
Observation 7:  The following options may be feasible for LP-WUS de-activation in connected state 
· By gNB RRC signaling 
· By gNB L1/L2 signaling  
· Based on pre-configured condition 

Proposal 3: For the activation of LP-WUS monitoring, a trigger from the gNB, such as a payload in the form of a bitmap carried in the LP-SS, can be used to activate LP-WUS monitoring in the idle/inactive and connected states. 
Proposal 4: For de-activation of LP-WUS monitoring the following can be used 
· SIB can be used for de-activating the LP-WUS monitoring in idle/inactive state
· RRC signaling, L1/L2 signaling or pre-configured condition can be used for de-activating the LP-WUS monitoring in connected state 

Procedures for MR upon wake-up from ultra-deep sleep  
In RAN1#112 meeting, a proposal regarding the procedure of MR after wake up from ultra-deep sleep was summarized by the FL summary as given below [3]. However, no consensus was achieved during RAN1#112bis-e meeting. 
	Proposal-13: Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· perform PO monitoring, and afterwards follow legacy procedures
· perform PEI monitoring, and afterwards follow legacy procedures
· transmit PRACH for initial access, and follow legacy procedures




Furthermore, in RAN1#113 meeting, the proposal related to the procedure for MR upon wake-up from deep sleep was discussed as given below. However no consensus was achieved in this regard. 
	FL1-Lo-Proposal-17:
Upon wake-up from ultra-deep-sleep, support at least PO monitoring followed by legacy procedures
· consider support of dynamic PO, i.e. PO outside of regular paging frame to reduce latency
· consider whether LP-WUS monitoring can be configured together with PEI monitoring. 



  
In Rel-17, when a UE is triggered by the network and wake up from deep sleep, it performs PEI monitoring before a PO that is transmitted to inform the UE about the incoming paging.  Since PEI is detected by the MR of UE, therefore LP-WUS may need to be transmitted before PEI to trigger the MR to wake up and be ready to receive the PEI. In this case, the MR of UE is triggered two times; once by LP-WUS and once by PEI, resulting in high power consumption compared to the Rel-17 PEI based paging as shown in Figure 2. Based on this observation, there may not be a significant power saving for UE by using LP-WUS and LP-WUR in idle/inactive state.  Therefore, LP-WUS may be used as an alternative option to replace PEI. In other words, LP-WUS can be used as a paging indication in idle/inactive states and can replace PEI.
Regarding the procedure related to PRACH after the MR wake up from ultra-deep sleep, it may be consider in mobility scenarios. For instance, when a UE is in ultra-deep sleep and it move from one location to another location, it may lose connection and synchronization with the serving cell. In such cases when the MR wakes up from ultra-deep sleep, the MR may need to initiate the PRACH by performing a random access procedure to establish or re-establish its connection re-establish and synchronization with a cell. 


Figure 2 LP-WUS in idle/inactive state 
Observation 8: In idle/inactive state configuring LP-WUS monitoring together with PEI monitoring may trigger the MR of UE by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 9: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 
Proposal 5: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 6: The following procedures can be considered after the MR of UE wake-up from ultra-deep sleep
· Perform PO monitoring, and afterwards follow legacy procedures
· Transmit PRACH for initial access, and follow legacy procedures
LP-WUS Indication 
Due to the simple architecture and low sensitivity of the LP-WUR, the coverage of LP-WUS may be degraded as compared to the legacy NR channel. In order to ensure the reliability of the LP-WUS an indication from the MR of UE can be used to let the gNB know that the LP-WUS has successfully received and decoded by the LP-WUR of the UE. This indication can be Implicit, where the gNB implicitly derive from the first ACK message (such as HARQ-ACK) received from the MR of UE after the UE receives data/signaling as shown in Figure 4a, or it can be an explicit indication, where the MR of UE sends an ACK message to the gNB and let the gNB know that the LP-WUS has successfully received as shown in Figure 4b. The implicit indication can reduce the false rate of ACK message to the gNB. However, the physical resources (time/frequency resources) may be wasted in case the gNB transmit the data/signaling after LP-WUS without knowing the MR on/off status.  The explicit indication of LP-WUS reception will enhance the resource utilization, however it may increase the rate of false ACK message to the gNB in case the LP-WUR of a UE decode a noise signal and consider it as an LP-WUS. 



                             
Figure 4a Implicit Indication of LP-WUS reception        Figure 4b Explicit Indication of LP-WUS reception 

Observation 10: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Proposal 7: Study the following indication method for LP-WUS successful detection;
· Implicit derivation of LP-WUS detection from the first ACK message received from the MR, which is sent by the UE for receiving the data/signaling.
· Explicit derivation of LP-WUS detection, where the MR sent ACK message before receiving the signaling/data. 
Bandwidth and location of LP-WUS 
5.1 Bandwidth of LP-WUS 
During the RAN1#112bis-e meeting, an agreement was reached regarding the configuration of at least one bandwidth size for LP-WUS, as shown below [6]. 
	Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs




Furthermore in RAN1#113 meeting, a proposal related to the BW size for the LP-WUS was discussed, however, it was not agreed as given below [7]. 
	Proposal-7:
From RAN1 point of view, it is beneficial to support flexible BW size <=5MHz



The size of the BW for LP-WUS is defined in frequency units, such as 5 MHz, while the configuration of the bandwidth size for LP-WUS is considered in terms of PRBs. Configuring the BW size for LP-WUS in terms of PRBs can be done using existing signaling such as RRC configuration or SIBx. In our view, a configurable BW size with a lower limit of 5 MHz and an upper limit of 20 MHz would offer flexibility in selecting a suitable bandwidth between 5 MHz and 20 MHz, which is useful in situations where power consumption and complexity are main concerns of LP-WUR architecture. Additionally, a configurable BW for LP-WUS can help optimize the use of resources for LP-WUS transmission and balance LP-WUR power consumption and complexity. 
Observation 11: Configurable bandwidth for LP-WUS within the range of 5MHz and 20MHz may offer flexibility and keep the low power consumption of LP-WUR. 
5.2 Placement/location of LP-WUS
The carrier of LP-WUS was discussed during the previous RAN1 meeting. In RAN1#113 meeting, the placement of LP-WUS in a carrier within a band other than the band of MR was discussed [8]. However, no agreement was reached in this regard.
	Observation:
· If LP-WUS is supported in a carrier in a band other than the band of MR
· LP-WUR may support less bands than MR.



In case the LP-WUS is considered to use the same carrier as the MR signal/channel, the LP-WUR need to support all the existing bands and their associated carriers of NR, which may complicate its design. On the other hand, if the LP-WUS and signal/channel used by MR are on different carriers in the band, a dedicated carrier may be required for LP-WUS transmission, which reduces flexibility and wastes carrier resources.
Observation 12: LP-WUS and MR’s signal/channel on the same carrier in the band need to support all NR bands and it may complicate the design of LP-WUR. If LP-WUR and MR’s signal/channel use different carriers, a dedicated carrier for LP-WUS transmission may be needed. 
Location of LP-WUS within a carrier 
Regarding the location of LP-WUS within a carrier, the following proposal was discussed in the RAN1#113 meeting, as given below. However, no clear agreement has been reached yet.
	Proposal-8: 
LP-WUS location can be flexibly configured within a carrier.



A flexibly configured location within a carrier for LP-WUS is more feasible. This approach allows to place the LP-WUS at the lower edge or upper edge of the carrier BW, or utilizing empty PRBs in the carrier that do not impact the legacy NR channel. However, it is important for the LP-WUR of the UE to have knowledge of the exact location of the LP-WUS to avoid searching the entire carrier for LP-WUS detection.
Observation 13: A flexibly configured location within a carrier for LP-WUS can efficiently utilize the frequency resources of the carrier without impacting the legacy NR channel.
LP-WUS association with BWP
According to the current specification, a signal/channel is typically transmitted to the UEs within a BWP. However, since LP-WUS is a wake-up signal, it may not necessarily follow the existing specification rules and can be transmitted independently of BWPs. However, in case periodic LP-SS is used for synchronization of LP-WUR, and the LP-SS is transmitted within a BWP (such as initial DL BWP) and LP-WUS are configured in independent of BWP or within an active DL BWP, then the LP-WUR has to perform RF retuning and BWP switching for synchronization before LP-WUS detection as shown in Figure 5. This behavior may increase the LP-WUR power consumption.  In order to solve this issue, a dedicated downlink BWP which may contains both the LP-SS and LP-WUS with the maximum bandwidth less than or equal to the required bandwidth of the LP-WUS, can be configured to the UE. Since the dedicated downlink BWP contains the LP-SS to synchronize the LP-WUR with the network and LP-WUS to trigger the MR to receive data/signaling, therefore the LP-WUR may avoid the RF retuning for LP-SS. 


Figure 5 LP-WUR RF retuning for LP-SS and LP-WUS
Observation 14: The transmission of LP-SS and LP-WUS in different BWP, or the transmission of LP-WUS independent of BWP, may let the LP-WUR to perform RF retuning for LP-SS, and increase its power consumption. 
Proposal 8: Study a dedicated BWP for the placement of LP-WUS and LP-SS, with the maximum bandwidth equal to the required bandwidth of the LP-WUS. 
RRM measurement of LP-WUR
In RAN1#113 meeting, the offloading of RRM measurement of the serving cell to the LP-WUR under certain conditions were discussed to support mobility in idle/inactive mode, the following agreement was achieved [6].
	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




Periodic Reference signal for LP-WUR RRM measurement: Regarding the reference signal used for LP-WUR RRM measurement, the utilization of PSS, SSS, PBCH, DMRS, and other reference signals may introduce complexity in signal decoding at the LP-WUR. In addition, adjusting the existing NR reference signals based on the LP-WUR's decoding capability may impact the legacy procedures of the MR. Since the periodic LP-SS with a relaxed periodicity may be used for time-frequency synchronization of LP-WUR, therefore, the periodic LP-SS can serve as a reference signal for LP-WUR-based RRM measurement. Regarding the periodicity of LP-SS, the relaxed periodicity values from the SSB-based periodicity set can be used as a reference. 
MR performs measurements: The main objective of offloading the RRM measurement to the LP-WUR is to avoid the frequent wake-ups of the MR for RRM measurement. In Alt2, relaxing the periodicity of the reference signal for RRM measurement may require RRM reporting from the LP-WUR of the UE, which complicates the LP-WUR design. Alt3 is a straightforward option. In Alt3, when the RRM measurement exceeds a threshold, indicating high mobility, the MR-based measurement may be necessary to ensure accurate RRM measurement. Therefore, in our view Alt3 is a simpler, more straightforward solution.
LP-WUR RRM Measurement only:   Since the LP-WUR architecture may not support transmission, therefore RRM activities of the LP-WUR can be limited to the RRM measurement only. However, when RRM reporting is required, the LP-WUR can trigger the MR to perform RRM reporting to the gNB. In order to further reduce the RRM reporting, a range of RSRP/RSRQ with a maximum and minimum threshold values can be defined.  When the values of RSRP/RSRQ is beyond the range of the threshold, the MR of UE can perform the RRM reporting. 

Observation 15: The utilization of PSS, SSS, PBCH, DMRS, and other reference signals for LP-WUR based RRM measurement may introduce complexity in signal decoding at the LP-WUR, and impact the legacy procedures of the MR. 
Observation 16: Waking up the MR to perform RRM measurement based on the relaxing periodicity of the reference signal may require RRM reporting from the LP-WUR of the UE, which complicates the LP-WUR design.
Proposal 9: Support periodic LP-SS for the LP-WUR based RRM measurements. 
Proposal 10: Support, Alt3 for Waking up the MR to perform RRM measurement. 


Conclusion
In this contribution we discussed, the LP-WUS monitoring procedure, the bandwidth of LP-WUS, and the LP-WUR based RRM measurement, and made the following observations and proposals.

Observation 1:  Using the same waveform for LP-SS and LP-WUS may reduce the specification effort, and LP-WUR architecture requirements.
Observation 2: The sequence + message with encoded bits structure of LP-SS is more beneficial in terms of enabling/disabling continuous monitoring behavior of LP-SS. 
Observation 3: In idle/inactive mode, including additional information in LP-WUS design such as SI change, ETWS/CMAS information, tracking area, and RAN area information could increase overhead, which may result in higher complexity and power consumption of LP-WUR.
Observation 4: For the activation/de-activation of LP-WUS monitoring in the idle/inactive state, Alt1a and Alt1b are not feasible options since they focus on the transmission of both PEI and LP-WUS, which increase the UE power consumption. 
Observation 5: The activation and deactivation of LP-WUS monitoring are two separate features/functions. In the idle/inactive state, the signaling used for deactivation of LP-WUS monitoring may not be suitable for LP-WUS activation.
Observation 6: In idle/inactive state SIB can only be feasible for deactivating the LP-WUS monitoring. 
Observation 7:  The following options may be feasible for LP-WUS de-activation in connected state 
· By gNB RRC signaling 
· By gNB L1/L2 signaling  
· Based on pre-configured condition 

Observation 8: In idle/inactive state configuring LP-WUS monitoring together with PEI monitoring may trigger the MR of UE by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 9: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 
Observation 10: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Observation 11: Configurable bandwidth for LP-WUS within the range of 5MHz and 20MHz may offer flexibility and keep the low power consumption of LP-WUR. 
Observation 12: LP-WUS and MR’s signal/channel on the same carrier in the band need to support all NR bands and it may complicate the design of LP-WUR. If LP-WUR and MR’s signal/channel use different carriers, a dedicated carrier for LP-WUS transmission may be needed. 
Observation 13: A flexibly configured location within a carrier for LP-WUS can efficiently utilize the frequency resources of the carrier without impacting the legacy NR channel.
Observation 14: The transmission of LP-SS and LP-WUS in different BWP, or the transmission of LP-WUS independent of BWP, may let the LP-WUR to perform RF retuning for LP-SS, and increase its power consumption. 
Observation 15: The utilization of PSS, SSS, PBCH, DMRS, and other reference signals for LP-WUR based RRM measurement may introduce complexity in signal decoding at the LP-WUR, and impact the legacy procedures of the MR. 
Observation 16: Waking up the MR to perform RRM measurement based on the relaxing periodicity of the reference signal may require RRM reporting from the LP-WUR of the UE, which complicates the LP-WUR design.

Proposal 1: The structure of LP-SS can contains a sequence for synchronization and a message with encoded bits for activation or de-activation of LP-WUS monitoring. 
Proposal 2: The content of LP-WUS can include the following: 
· UEs group/subgroup ID and cell information in idle/inactive mode
· UEs group/subgroup ID and indication to wake up for PDCCH monitoring in connected mode. 
Proposal 3: For the activation of LP-WUS monitoring, a trigger from the gNB, such as a payload in the form of a bitmap carried in the LP-SS, can be used to activate LP-WUS monitoring in the idle/inactive and connected states. 
Proposal 4: For de-activation of LP-WUS monitoring the following can be used 
· SIB can be used for de-activating the LP-WUS monitoring in idle/inactive state
· RRC signaling, L1/L2 signaling or pre-configured condition can be used for de-activating the LP-WUS monitoring in connected state 

Proposal 5: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 6: The following procedures can be considered after the MR of UE wake-up from ultra-deep sleep
· Perform PO monitoring, and afterwards follow legacy procedures
· Transmit PRACH for initial access, and follow legacy procedures

Proposal 7: Study the following indication method for LP-WUS successful detection;
· Implicit derivation of LP-WUS detection from the first ACK message received from the MR, which is sent by the UE for receiving the data/signaling.
· Explicit derivation of LP-WUS detection, where the MR sent ACK message before receiving the signaling/data. 
Proposal 8: Study a dedicated BWP for the placement of LP-WUS and LP-SS, with the maximum bandwidth equal to the required bandwidth of the LP-WUS. 
Proposal 9: Support periodic LP-SS for the LP-WUR based RRM measurements. 
Proposal 10: Support, Alt3 for Waking up the MR to perform RRM measurement. 
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Introduction


 


In 


3GPP RAN1#113


 


meeting [7


], several issues related to the


 


waveform design of LP


-


WUS


, 


t


he 


information carried by 


LP


-


WUS


, 


the 


bandwidth and 


the 


content of LP


-


WUS,


 


the


 


synchronization of LP


-


WUR, and


 


the


 


LP


-


WUR


-


based RRM measu


rement were discussed


. In this contribution, we provide our


 


views on the remaining issues.


 


 


 


2


 


Synchronization of LP


-


WUR 


 


In RAN1#113


 


meeting, an agreement related to the synchronization


 


signa


l used by


 


LP


-


WUR was agreed 


as given below [7


].


 


Agreement


 


The following o


bservation


s are to be captured in the TR


 


·


 


At least for 


L


P


-


WUR


 


that cannot receive existing PSS/SSS, 


periodic LP


-


SS signal is 


beneficial for the following functionality.


 


o


 


RRM measurements by LP


-


WUR, if supported 


 


o


 


at least coarse time synchronization of LP


-


WUR. 


 


o


 


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 assi


sted 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.


 


 


 


Periodic LP


-


SS can be broadc


asted, s


imilar to SSB, to carry


 


synchronization and acquisition information. 


This enables all UEs within the coverage area to synchronize their LP


-


WUR with the network, establish 


communication, and 


decode LP


-


WUS. The periodicity of LP


-


SS can follow the existing SSB


-


based signal. 


Furthermore


, 


u


sing the same waveform for LP


-


SS and LP


-


WUS can reduce specification effort and LP


-


WUR architecture requirements


.


 


Regarding the structure of LP


-


SS, two alternatives were d


iscussed in the last meeting: Alt1, sequence


-


based, and Alt2, sequence + message with encoded bits. Each alternative has its own advantages and 


disadvantages. Alt1 may have less overhead but cannot carry extra information. On the other hand, Alt2 




1     3GPP TSG RAN WG1 Meeting   #   11 4                                       R1 - 2306682   Toulouse France, Aug   2 1 st  –   Aug  2 5 th ,  2023     Agenda Item:   9. 11 .3   Source:   TCL      Title:   L1 signal design and  procedure for low power WUS   Document for:   Discussion and D ecision       1   Introduction   In  3GPP RAN1#113   meeting [7 ], several issues related to the   waveform design of LP - WUS ,  t he  information carried by  LP - WUS ,  the  bandwidth and  the  content of LP - WUS,   the   synchronization of LP - WUR, and   the   LP - WUR - based RRM measu rement were discussed . In this contribution, we provide our   views on the remaining issues.       2   Synchronization of LP - WUR    In RAN1#113   meeting, an agreement related to the synchronization   signa l used by   LP - WUR was agreed  as given below [7 ].  

Agreement   The following o bservation s are to be captured in the TR      At least for  L P - WUR   that cannot receive existing PSS/SSS,  periodic LP - SS signal is  beneficial for the following functionality.   o   RRM measurements by LP - WUR, if supported    o   at least coarse time synchronization of LP - WUR.    o   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 assi sted 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.    

  Periodic LP - SS can be broadc asted, s imilar to SSB, to carry   synchronization and acquisition information.  This enables all UEs within the coverage area to synchronize their LP - WUR with the network, establish  communication, and  decode LP - WUS. The periodicity of LP - SS can follow the existing SSB - based signal.  Furthermore ,  u sing the same waveform for LP - SS and LP - WUS can reduce specification effort and LP - WUR architecture requirements .   Regarding the structure of LP - SS, two alternatives were d iscussed in the last meeting: Alt1, sequence - based, and Alt2, sequence + message with encoded bits. Each alternative has its own advantages and  disadvantages. Alt1 may have less overhead but cannot carry extra information. On the other hand, Alt2 

