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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#102 meeting, a working item for NR LP-WUS and LP-WUR was endorsed [1], with a focus on specifying the LP-WUS signal design and procedure as mentioned in the objective of the working item below.

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




In this contribution, we provide our views on the content of LP-WUS, RRM measurement, activation and de-activation of LP-WUS monitoring, and procedure of MR upon wake up from ultra-deep sleep in idle/inactive state.  
Content of the LP-WUS for idle/inactive state 
In Rel-18, it was studied that the content of LP-WUS may include the information of LP-WUS through which UEs are targeted by LP-WUS in idle/inactive state, the cell information, the SI change and ETWS/CMAS information etc. However the actual content was not specified.  
In our view, 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 the 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. 
[bookmark: _GoBack]In addition, the LP-WUS may include information on which UEs are targeted, such as UEs group/subgroup ID. However, including UEs subgroup ID in the LP-WUS content would result in significant overhead and increased complexity in decoding the LP-WUS at the UE's LP-WUR, which goes against the main objective of the LP-WUS. To address this issue, a low overhead temporary subgroup ID can be defined and used by the LP-WUS to target idle/inactive state UEs. Furthermore, during idle/inactive state, the LP-WUS can activate the MR to wake up and initiate paging, which allows for the reuse of the subgrouping procedure that is typically employed for paging idle/inactive state UEs. As a result, the LP-WUS can be transmitted to subgroups of UEs based on the existing paging subgroups. To implement this approach, the low overhead temporary subgroup ID of the LP-WUS can be mapped with the paging subgroups, and this mapping can be defined in higher layers and indicated to the UEs. By this way, the LP-WUS can be transmitted to specific UEs or group/subgroup of UEs without introducing significant overhead or complexity.
Observation 1: 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 2: Using the existing UE ID, UEs subgroup ID in the content of LP-WUS may result in significant overhead and increased complexity in decoding the LP-WUS. 
Proposal 1: The content of LP-WUS for idle/inactive state may include the UEs group/subgroup ID and the cell information.  
Proposal 2: RAN1 to study a low overhead temporary subgroup ID through which UEs are targeted. 
Proposal 3: For idle/inactive state UE the temporary subgroup ID of LP-WUS can be mapped to the existing paging subgroups IDs, to target the UEs in paging subgroups for wake up its main radio.

RRM measurement of LP-WUR
In Rel-18, it was agreed to offload some functions of RRM measurement of the serving cell to the LP-WUR. However, the method of how the LP-WUR can perform RRM measurement in idle/inactive state was not specified. In this section, we propose our view on RRM measurement of LP-WUR in idle/inactive state. 
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. 
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 3: 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. 
Proposal 4: Support periodic LP-SS for the LP-WUR based RRM measurements. 

Activation/De-activation of LP-WUS monitoring
Regarding the LP-WUS monitoring activation/de-activation in idle/inactive UE the following is approved in the TR of Rel-18 [2]. 
	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.
Furthermore, 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.
Moreover, 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. 
Proposal 5: 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 state. 
Proposal 6: To deactivate the LP-WUS monitoring in idle/inactive state, the SIB can be utilized. 
Procedures for MR upon wake-up from ultra-deep sleep    
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 7: 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 8: 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 7: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 8: 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

Conclusion
In this contribution, we discussed the content of LP-WUS, RRM measurement, activation and deactivation of LP-WUS monitoring, and the procedure for MR after wake up for idle/inactive states. We made the following observations and proposals.
Observation 1: 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 2: Using the existing UE ID, UEs subgroup ID in the content of LP-WUS may result in significant overhead and increased complexity in decoding the LP-WUS. 
Observation 3: 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 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: 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 8: 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 1: The content of LP-WUS for idle/inactive state may include the UEs group/subgroup ID and the cell information.  
Proposal 2: RAN1 to study a low overhead temporary subgroup ID through which UEs are targeted. 
Proposal 3: For idle/inactive state UE the temporary subgroup ID of LP-WUS can be mapped to the existing paging subgroups IDs, to target the UEs in paging subgroup for wake up its main radio.
Proposal 4: Support periodic LP-SS for the LP-WUR based RRM measurements. 
Proposal 5: 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 state. 
Proposal 6: To deactivate the LP-WUS monitoring in idle/inactive state, the SIB can be utilized. 
Proposal 7: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 8: 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
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