[bookmark: _Hlk145670493]3GPP TSG RAN WG1 #117			                  R1-2404898
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda Item:	9.6.2
Source: 	LG Electronics
Title: 	Discussion on LP-WUS operation in IDLE/INACTIVE modes
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN#102, a new WI [1] of low-power wake-up signal and receiver for NR has been approved, and the following were agreed in the last meeting [2].
	[bookmark: _Hlk153295984]Agreement
For multi-beam operation of LP-WUS, UE assumes the same LP-WUS information payload is repeated in all transmitted beams corresponding to LP-WUS 
· the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation 

Agreement
Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam.
· Option 1: K = 1 
· Option 2: K can be larger than or equal to 1
· FFS if more than 1 LP-WUS is transmitted from the same beam, whether the information in these multiple LP-WUS is always the same or can be different


Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.



In this contribution, we discuss and provide views on LP-WUS operation in IDLE/INACTIVE modes.

2. Discussion
2.1. LP-WUS occasions allocation
For LP-WUS monitoring procedure, it is essential to properly allocate LO first and notify it to UE via SIB. Regarding LO allocation, two approaches can be considered as starting points. The first approach is to allocate LO based on the existing paging occasion. The second approach involves allocating LO with its own cycle, and the UE attempts to monitor the LO with its designated timing.
However, from the perspective that LP-WUS triggers at least one PO, configuring multiple LOs per PO may be unnecessary. Also, in order to maintain the conventional sleep-to-paging performance, at least one LO per PO seems essential. Considering these factors, regardless of the approach used, it is desirable to configure one LO per PO.
Proposal #1: One LO is associated with one PO.
· The periodicity is same as the iDRX cycle.

If only one LO is associated with one PO, LO allocation mechanism can be simplified with the first approach since it can reuse the existing procedure to determine the paging frame and paging occasion.
Proposal #2: For LO allocation from UE perspective, LO is allocated based on the existing paging occasion.

When the periodicity of LO can be configured separately from the iDRX cycle, multiple LOs can be mapped to a single PO. This allows more frequent LP-WUS monitoring opportunities while maintaining the same iDRX cycle, enabling the UE to receive LP-WUS more often without shortened iDRX cycle. In this case, the concept of dynamic PO can be considered. If no PO for the UE is near a specific LO considering the wake-up time, the LO can trigger the UE to monitor a dynamic PO instead. With dynamic PO, the UE assumes a frame or a slot as a PF (Paging Frame) or PO, respectively, based on the received LP-WUS.
This approach allows a deterministic distinction between the LOs that trigger the UE to monitor regular POs and those that trigger the monitoring of dynamic POs. By utilizing dynamic POs, UE can receive LP-WUS and monitor POs effectively while minimizing unnecessary wake-up delay. 
Proposal #3: If the separately configured LP-WUS cycle is supported, some LOs (which are other than LOs associated with legacy PO) can be associated with dynamic PO. 


2.2. LP-WUS monitoring occasions allocation within a LO 
According to the agreement in the last meeting, each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam. Once the K of LP-WUS MOs is allocated within the LO, they can be utilized in different ways depending on the system design and the desired functionality: 
· Option 1 (repetition): the same information is repeated among K LP-WUS MO. 
· Option 2 (mapping each MO to a different UE subgroup): each LP-WUS MO is mapped to a part of entire subgroups. It can providethe low false alarm by limiting the number of UE sub-groups mapped to one MO.
· Option 3 (each MO to indicate one or more subgroup to be triggered): Each LP-WUS MO can indicate the one ore more UE subgroup(s) to wake up among the entire UE subgroups. In other words, through K LP-WUS MOs, different UE group(s) can be indicated K times.
Considering the limited size of LP-WUS payload, it is reasonable to utilize LO as UE identifier as discussed in UE subgrouping. For this, LO can be FDMed or TDMed among groups of UEs. Therefore, among these options, mapping each MO to a different UE subgroup(s) is preferred as it can simultaneously support low false alarms and triggering of multiple UEs. It would be up to LP-WUS payload structure how to indicate one or more UE subgroups in a LP-WUS MO
Proposal #4: Once LP-WUS MOs are allocated within a LO, each UE can selectively monitor the LP-WUS MO based on UE subgroups.
· Each LP-WUS MO are mapped to one or more UE subgroups
· FFS: How to map UE subgroup to LP-WUS MO
· FFs: How to indicate one or more UE subgroup in a LP-WUS MO

To allocate N*K LP-WUS MOs, the position of the first LP-WUS MO is determined as like the single LP-WUS MO case, and then the remaining MOs can be placed consecutively or periodically based on the position of the first MO. The N*K LP-WUS MOs can be interpreted in two ways:
· An LP-WUS group consisting of K LP-WUS MOs repeated N times. Within a group, LP-WUS MO s are corresponding to the same beam and can transmit different information. 
· An LP-WUS group consisting of N LP-WUS MOs repeated K times. Within a group, LP-WUS MOs transmit the same information and each LP-WUS MO is correspond to each beam or reference signal.
Proposal #5: Discuss the following options to determine how N*K LP-WUS MOs are allocated. 
· Option 1: K LP-WUS MOs repeated N times.
· Option 2: N LP-WUS MOs repeated K times.

2.3. UE identification/grouping for LP-WUS operation
Considering the limited payload size, introducing UE group/sub-group for LP-WUS operation is inevitable. Appropriate grouping is necessary to reduce the payload size to ensure successful LP-WUS reception as well as minimize false alarm. In the NR paging procedure, the basic UE group where a single PO is shared was formed in PF and PO selection by UE identifier, and if a separate subgroup was configured, PEI could indicate which subgroup is triggered within the group sharing the same PO. However, this sub-group design, which used for PEI, is not suited for LP-WUS. This is because PEI is designed to include information for multiple POs since PEI has longer cycle. While LP-WUS can be transmitted more frequently than both PEI and PO, thus multiple LP-WUS may correspond to a single PO. Thus, it is necessary to introduce a new mechanism of grouping UEs that is suitable for LP-WUS. 
According to the RAN2 discussion, the method of UE subgrouping for LP-WUS is the same as the method of PEI subgrouping. This means that the existing PEI subgroup configuration and/or its structure can be reused for LP-WUS subgrouping.
Considering these aspects, the following points need to be considered for UE grouping for LP-WUS:
Reusing PEI subgroup: existing PEI subgroup should be configured regardless of LP-WUS configuration. Thus, it can be discussed that how to group UEs for LP-WUS with/without PEI subgroup
Total number of UE sub-groups for LP-WUS: it can be discussed whether existing PEI subgroup is included to the total number of UE subgroup for LP-WUS or not.  
Number of LP-WUS MOs mapped to a PO from the gNB perspective: For a beam, each LP-WUS MO can be mapped to different UE subgroups to reduce false alarm rate
The number of UE groups that can be indicated in a single LP-WUS MO: The number of UE groups that can be indicated in a single LP-WUS depends on this payload size. A larger payload size allows for more UE groups to be indicated, but it also increases the overhead and reduces the available resources for other information. 

It is important to note that LP-WUS can be configured independently of PEI subgroup, and vice versa. Therefore, it may be reasonable to design LP-WUS to operate independently of whether PEI subgroup is configured or not. This approach allows for greater flexibility and adaptability in the system as LP-WUS can be configured regardless of PEI subgroup configuration.
Considering the specification effort, we propose that the LP-WUS payload includes a subgroup indication for UE groups same as PEI subgroup. This subgroup indication can be represented using a maximum of 3 bits (when indicating an index) or 8 bits (when indicating an index bitmap). Additionally, an orthogonal UE sub-grouping can be additionally introduced, which utilize different LOs. By doing so, PEI subgroup design can be re-used and UE can operate in same manner regardless of whether the PEI subgroup is configured or not. 
Proposal #6: UE subgrouping for LP-WUS can be separately configured from existing PEI subgroup

We see that significant effort will be required to discuss and determine how to configure UE group and how to construct payload for UE identification but these are essential to support LP-WUS. For the sake of the progress, it is recommended to prioritize the discussion on UE identification and grouping, while deprioritize to discuss about side information such as SI update and ETWS/CMAS.
Proposal #7: Prioritize to discuss on UE identification and grouping in terms of LP-WUS contents while deprioritize to discuss on side information such as SI update and ETWS/CMAS.

2.4. How to monitor paging occasions after triggering
Once the UE detects its identification in the configured LO, UE may be required to monitor at least the associated PO based on the mapping. This ensures that the UE can receive paging messages in the specific PO based on the intention of gNB. 
Proposal #8: With the association between LO and PO, UE is required at least to monitor the PO associated with the LP-WUS occasion where UE receives LP-WUS indicating wake-up. 

For the LP-WUS monitoring procedure, it is crucial to determine the position of the PO to be monitored based on the received LO. Two options can be considered for this purpose.
· Option 1: Re-use how the LO is allocated. If a LO is allocated based on position of a PO and configured offset, UE monitor the PO by the reception of the LO. This approach maintains consistency with the LO allocation method proposed in the previous section.
· Option 2: UE determines the PO position based on the wake-up time. In this case, the nearest PO after the wake-up time is selected for monitoring. Depending on the wake-up time, UEs which monitor the same LO determine different POs for wake-up. It may be beneficial to support the UE having different wake-up delay. 
Proposal #9: Following options can be considered for determination of PO position to be monitored 
· Option 1: UE determines PO position based on how the LO is allocated 
· After the reception of LP-WUS within a LO, UE monitors the PO which is used to determine where the LO is allocated.  
· Option 2: UE determines PO position based on the wake-up time
· After the reception of LP-WUS within a LO, UE monitors the nearest PO after the wake-up from the LO. 

In some scenarios, it may be beneficial for the UE to monitor additional POs beyond the associated PO. For example, if the paging load is high, monitoring multiple POs can be helpful. Therefore, it is proposed that the network can optionally configure the window where the UE to monitor additional POs for a certain duration after detecting an LO. The specific duration and number of additional POs to monitor can be determined based on the configuration and the UE capabilities.
Proposal #10: For UE triggered by LP-WUS to monitor a PO, introducing a time window based on the reception of LP-WUS. The time window has the following characteristics:
· UE receives the existing PO only within the time window 
· UE transits to sleep state at the end of the window
· The length of window is determined based on 
· The number of upcoming paging occasions
· The number of slot/frame configured by SIB
· FFS: LO mapped to dynamic PO
 
2.5. Considerations for LP-WUS and eDRX	
When the LP-WUS cycle is defined separately from the DRX cycle, i.e., the periodicity can be same or smaller than iDRX cycle, the UE behavior can be determined regardless of the eDRX configuration. In the PTW of e-DRX, PO occurs in the same way as in normal DRX. Therefore, if an LO allocation method based on PO position is used, LP-WUS operation is possible even when eDRX is configured without any special consideration for eDRX or introduction of additional UE operation.
Moreover, in cases where long PO cycles are used, such as in eDRX, it is reasonable to consider dynamic POs with separate LP-WUS cycles to optimize the system performance and minimized specification effort.
Proposal #11: It is not necessary to consider eDRX for LP-WUS operation. 

2.6. Handling different wake-up times for UEs
As discussed in the previous meeting, UEs may have different wake-up times. To prevent unexpected false alarms and enable the use of different LO-to-PO offset and mappings, it is proposed that UEs with different wake-up times should be assigned to different UE subgroups. This approach allows for a more efficient handling of UEs with varying wake-up requirements, while minimizing the impact on false alarm rate. 
Proposal #12: UEs with different wake-up times should be assigned to different UE subgroups

To facilitate the efficient grouping of UEs based on their wake-up times, the network can utilize the wake-up delay information reported by the UEs. UEs reporting wake-up delays longer than a certain threshold can be assigned to separate UE subgroups. The number of UE subgroups dedicated to UEs with longer wake-up delays can be separately configured by the network, allowing for flexibility in network design and optimization.
The UE subgroups formed based on wake-up delay reporting can operate in a manner similar to CN-based UE subgroups. These subgroups occupy a portion of the total number of UE subgroups, and the remaining UE subgroups will be used for grouping other UEs based on the number of remaining subgroups.
For example, if the total number of UE subgroups is configured as 16, and the number of subgroups allocated for UEs with longer wake-up delays is set to 4, the remaining 12 subgroups can be used for grouping UEs based on their UE identification. 
Proposal #13: UEs having longer wake-up delay can be assigned to separated UE subgroups
· The number of those subgroups can be separately configured.
· wake-up delays above a certain threshold are considered as longer wake-up delay

2.7. Activation/deactivation procedure of LP-WUS monitoring
Entry/exit condition is the criteria that the UE decides to monitor LP-WUS or not in the cell. If entry/exit condition is met, the UE activates/deactivates LP-WUS monitoring. The UE cannot always expect to be able to receive LP-WUS in the cell. The UE checks whether the serving cell supports LP-WUS transmission or not and it can be included in system information as in the case of PEI. Based on this information and configuration of UE’s LP-WUS MO, the UE can decide whether to monitor LP-WUS or PO. It is possible that the UE cannot receive LP-WUS mainly due to limited coverage of LP-WUR, even if LP-WUS is transmitted in the serving cell. So, the UE can measure the quality of LP-WUS transmission based on LP-WUS and/or LP-SS, even PSS/SSS. 
Deactivation of LP-WUS monitoring can be initiated by the UE. For example, when the UE cannot successfully receive LP-WUS and/or LP-SS due to the limited coverage of LP-WUR, the UE can trigger the fallback operation. In this case, the UE can also measure the quality of the received signal based on LP-WUS, LP-SS, and/or PSS/SSS. Exit condition of LP-WUS monitoring might be discussed together with fallback condition because the deactivation of LP-WUS monitoring results in UE MR activation.
In RAN1#116bis, the working assumption was made as follows.
	Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
Note: This may be revisited based on the RAN2/RAN4 discussion.


For activation of LP-WUS monitoring which includes ultra-deep state of the main radio, the UE measures the serving cell performed by the MR. If the UE decide to monitor LP-WUS based on entry condition, it is important to ensure that the UE can receive LP-WUS/LP-SS without lack of coverage while the main radio in the ultra-deep sleep state. Generally, the UE measures the cell quality by SSB-based measurement of the main radio. However, SSB-based measurement result may not fully guarantee good coverage of LP-WUS. Offsets between PSS/SSS and LP-WUS for the compensation may be uncertain and lead to a ping-pong case where the UE repeatedly activates and deactivates LP-WUS monitoring. 
Thus, if the main radio is not in sleep state, it is possible that the LP-SS-based serving cell measurement is performed by the main radio to decide the transition of the main radio to ultra-deep sleep state and the operation of the LP-WUR to activate LP-WUS monitoring. 
For example, the UE’s decision to enable LP-WUS monitoring can be done as follows. The UE monitors SSB as before and measures the cell quality with the main radio. If the result satisfies the condition, the UE monitors LP-SS with the main radio to measure the coverage of LP-WUS/LP-SS. Then, if the main radio is in an ultra-deep sleep state, the UE monitors LP-SS with the LP-WUR to perform RRM measurement to meet the requirement.
Proposal #14: The UE may start LP-WUS monitoring if LP-SS-based measurement for serving cell performed by the main radio is above entry threshold(s), if configured 

LP-WUR can be categorized into two different types. LP-WUR type 1 cannot receive OFDM sequence, and LP-WUR type 2 can receive OFDM sequence. In other words, LP-WUR type 2 can receive existing PSS/SSS and/or overlaid OFDM sequence over OOK symbols in LP-WUS. For specifying entry/exit condition of LP-WUS monitoring, the difference between two types of LP-WUR should be considered. LP-WUR type 2 may have better coverage due to possibility of sequence detection. For example, if the UE has LP-WUR type 2, the UE can receive indication of LP-WUS by combining OFDM sequence and OOK symbols. So, entry/exit condition should be specified considering the difference of two different types of LP-WUR. Different types of LP-WUR can affect to UE’s activation/deactivation procedures. If LP-WUR type 2 can perform energy detection and sequence detection, the UE with LP-WUR type 2 performs both or only one detection for reception of LP-WUS. It can be considered that LP-WUS monitoring is sequentially activated for UE power saving. 
Proposal #15: Whether the UE can receive overlaid OFDM sequence over LP-WUS or not should be considered to specify entry/exit condition of LP-WUS monitoring.

2.8. Consideration of RRM measurement relaxation by using LP-WUR
The main radio’s serving cell measurement can be relaxed by RRM measurement offloading from the main radio to LP-WUR. The UE that activated LP-WUS monitoring can measure serving cell by LP-WUR not the main radio. So, LP-WUR is on activation and measures serving cell at some DRX cycles where the main radio performs measurement originally. Consequently, the main radio is transited to ultra-deep sleep state and does not perform measurement. This means the main radio’s RRM measurement is relaxed.
If LP-WUR’s measurement accuracy is low through some periods, RRM measurement offloading is stopped, and the main radio is woken up to perform measurement. Also, even though LP-WUR’s measurement accuracy is high and reliable, the main radio can be woken up periodically. It may be to prevent the main radio from maintaining ultra-deep sleep state for too long.
Proposal #16: Consider the following aspects about RRM measurement relaxation of the main radio by offloading to LP-WUR.
· The UE can measure cell quality by LP-WUR while the main radio is in ultra-deep sleep state.
· The existing RRM measurement procedure by the main radio can be triggered based on the measurement results of LP-WUR

If RRM measurement relaxation by using LP-WUR is supported, the UE with LP-WUR type 2 can perform RRM measurement by receiving LP-SS and/or PSS/SSS. For example, it can be possible that LP-WUR type 2 receive PSS/SSS, so the UE with LP-WUR type 2 can perform measurement based on PSS/SSS received by LP-WUR. The UE can perform LP-SS-based measurement for power saving or SSB-based measurement for better accuracy. If supported, it can be configurable or LP-SS-based measurement can be a default behavior. If the measurement results are based on PSS/SSS, it can be considered for triggering cell reselection procedures. 
Proposal #17: If RRM measurement relaxation by using LP-WUR is supported, the UE with OFDM-based LP-WUR can perform RRM measurement by receiving LP-SS and/or PSS/SSS.

In RAN1#116bis, the agreement and the conclusion on the measurement metrics were made as follows.
	Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
· LP-RSRP
· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols
· LP-RSRQ
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
Note: The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.

Conclusion
LP-SINR is not considered further as a metric for RRM serving cell measurement for OOK-based receiver.



Thresholds for RRM measurement by LP-WUR, i.e., LP-RSRP/LPRSRQ, can be differently configured considering LP-WUR types. LP-SS-based RRM measurement results performed by LP-WRU type 1 and type 2 can be different. Due to the different structures between LP-WUR type 1 and type 2, there can be the difference of expected measurement results. So, it may be appropriate that different thresholds are configured for different LP-WUR types.
[bookmark: _Hlk166251801]Proposal #18: Thresholds for RRM measurement by LP-WUR, i.e., LP-RSRP/LP-RSRQ, are separately configured for different LP-WUR types.

For LP-RSRP, configurations of time window can be considered to explicitly indicate the reference signal resources. The window confines resource of LP-SS to be used for measurement purpose. With configuration of the time window, the UE does not need to perform measurement on every LP-SS. Moreover, LP-SS confined in the window can be the transmission specialized for measurement purpose. Other transmission (for example LP-WUS or preamble of LP-WUS) within the window can be considered for measurement purpose through the configuration of time window.
Proposal #19: Configurations of time window can be considered for LP-RSRP measurements.

For LP-RSRQ, three options of LP-RSSI definition were agreed to be discussed. To measure LP-RSSI, frequency resources can be the same BW as LP-SS or greater than LP-SS. For example, simply, RSSI resource has the same BW for energy detection of LP-SS. For the transmission and reception of LP-SS, it can be considered to attach a guard band to the corresponding bandwidth, and thus they can be included in RSSI resource. Since LP-WUR performs energy detection, it may not be limited to specific frequency resources, so the frequency resources for measuring LP-RSSI can be set to the entire BW (for example, 5 MHz) or less.
Time resources for measuring LP-RSSI may be limited to time configuration of LP-SS. LP-RSSI can be measured by all symbols within the window. Additionally, with higher layer signalling, it can be configured to measure the resources of a specific slot or symbol within the window. For example, the slot location within the window and the symbol location within the slot can be determined by the higher layer signalling. The time resources for measuring LP-RSSI can be limited to a specific symbol.
Proposal #20: Discuss how to define LP-RSSI and LP-SINR considering following aspects.
· For LP-RSSI measurement, the frequency resources equal to or greater than LP-SS BW can be considered
· For LP-RSSI measurement, configurations such as time window can be considered

To define LP-RSSI, which LP-SS symbols can be considered for linear average of total received power should be discussed. For example, all OOK symbols (i.e., option 1), only OOK OFF symbols (i.e., option 2), or only OOK ON symbols (i.e., option 3) can be accounted in total received power. For LP-RSSI, two different types of LP-WUR can be considered. LP-WUR type 2 may have better coverage and better measurement accuracy. Thus, if supported, different definitions of LP-RSSI for different LP-WUR types can also be considered. For example, LP-RSSI is linear average of total received power in LP-SS OOK OFF symbols for LP-WUR type 1, thus the strength of interference and noise on that signal can be measured. LP-RSSI is linear average of total received power in all LP-SS OOK symbols for LP-WUR type 2 (if supported), thus the strength of interference and noise on that signal and the received power of LP-SS can be measured together. 
Proposal #21: For defining LP-RSSI, two different types of LP-WUR can be considered (if supported).


3. Conclusion
In this contribution, we shared our views on the LP-WUS operation in IDLE/INACTIVE modes. Followings are proposed for LP-WUS operation in IDLE/INACTIVE modes:
Proposal #1: One LO is associated with one PO.
· The periodicity is same as the iDRX cycle.
Proposal #2: For LO allocation from UE perspective, LO is allocated based on the existing paging occasion.
Proposal #3: If the separately configured LP-WUS cycle is supported, some LOs (which are other than LOs associated with legacy PO) can be associated with dynamic PO. 
Proposal #4: Once LP-WUS MOs are allocated within a LO, each UE can selectively monitor the LP-WUS MO based on UE subgroups.
· Each LP-WUS MO are mapped to one or more UE subgroups
· FFS: How to map UE subgroup to LP-WUS MO
· FFs: How to indicate one or more UE subgroup in a LP-WUS MO
Proposal #5: Discuss the following options to determine how N*K LP-WUS MOs are allocated. 
· Option 1: K LP-WUS MOs repeated N times.
· Option 2: N LP-WUS MOs repeated K times.
Proposal #6: UE subgrouping for LP-WUS can be separately configured from existing PEI subgroup
Proposal #7: Prioritize to discuss on UE identification and grouping in terms of LP-WUS contents while deprioritize to discuss on side information such as SI update and ETWS/CMAS.
Proposal #8: With the association between LO and PO, UE is required at least to monitor the PO associated with the LP-WUS occasion where UE receives LP-WUS indicating wake-up. 
Proposal #9: Following options can be considered for determination of PO position to be monitored 
· Option 1: UE determines PO position based on how the LO is allocated 
· After the reception of LP-WUS within a LO, UE monitors the PO which is used to determine where the LO is allocated.  
· Option 2: UE determines PO position based on the wake-up time
· After the reception of LP-WUS within a LO, UE monitors the nearest PO after the wake-up from the LO. 
Proposal #10: For UE triggered by LP-WUS to monitor a PO, introducing a time window based on the reception of LP-WUS. The time window has the following characteristics:
· UE receives the existing PO only within the time window 
· UE transits to sleep state at the end of the window
· The length of window is determined based on 
· The number of upcoming paging occasions
· The number of slot/frame configured by SIB
· FFS: LO mapped to dynamic PO
Proposal #11: It is not necessary to consider eDRX for LP-WUS operation. 
Proposal #12: UEs with different wake-up times should be assigned to different UE subgroups
Proposal #13: UEs having longer wake-up delay can be assigned to separated UE subgroups
· The number of those subgroups can be separately configured.
· wake-up delays above a certain threshold are considered as longer wake-up delay
Proposal #14: The UE may start LP-WUS monitoring if LP-SS-based measurement for serving cell performed by the main radio is above entry threshold(s), if configured 
Proposal #15: Whether the UE can receive overlaid OFDM sequence over LP-WUS or not should be considered to specify entry/exit condition of LP-WUS monitoring.
Proposal #16: Consider the following aspects about RRM measurement relaxation of the main radio by offloading to LP-WUR.
· The UE can measure cell quality by LP-WUR while the main radio is in ultra-deep sleep state.
· The existing RRM measurement procedure by the main radio can be triggered based on the measurement results of LP-WUR
Proposal #17: If RRM measurement relaxation by using LP-WUR is supported, the UE with OFDM-based LP-WUR can perform RRM measurement by receiving LP-SS and/or PSS/SSS.
Proposal #18: Thresholds for RRM measurement by LP-WUR, i.e., LP-RSRP/LP-RSRQ, are separately configured for different LP-WUR types.
Proposal #19: Configurations of time window can be considered for LP-RSRP measurements.
Proposal #20: Discuss how to define LP-RSSI and LP-SINR considering following aspects.
· For LP-RSSI measurement, the frequency resources equal to or greater than LP-SS BW can be considered
· For LP-RSSI measurement, configurations such as time window can be considered
Proposal #21: For defining LP-RSSI, two different types of LP-WUR can be considered (if supported).
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