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1. Introduction 
At the RAN1#116bis meeting, the following agreements were made for LP-WUS operation in IDLE/INACTIVE mode [1].
	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

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.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.

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.

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



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

2. Discussion 
2.1. LP-WUS monitoring
Definition of LO/MO
Regarding the definition of LO/MO, the following agreement was made during the last meeting.
	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



Option 2, where K can be larger than or equal to 1, means that LP-WUS can be transmitted with multiple occasions in one LO. Based on Option 2, LP-WUS contents can be divided into multiple MOs, or perform repetition LP-WUS transmission, as shown in Figure 1. Due to the ultra-low complexity receiver of LP-WUR, LP-WUS coverage performance may be worse than the existing NR channels, thus coverage enhancement techniques based on Option 2 is beneficial. Therefore, we prefer to support Option 2.
Since the use cases of LP-WUS include regular eMBB devices as well as LPWA devices, flexible coverage planning is necessary. If LP-WUS is introduced/operated for regular eMBB devices, the LP-WUS coverage should be comparable to legacy NR coverage. This indicates that a larger value of K would be necessary. On the other hand, if LP-WUS is introduced/operated for limited coverage, K can be minimized. Therefore, the value of K depends on the actual network deployment, making it beneficial to configure it by the gNB.
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Figure 1: Example illustration of LO/MO procedure for multiple subgroup and repetition transmission

Proposal 1: 
· The value of K, denoting the number of LP-WUS MOs for each beam, should be configurable by gNB and the value can be larger than or equal to 1.

Association between PO and LO
During the RAN1#116 meeting, two types of monitoring were defined: LP-WUS occasions (LOs) and monitoring occasions. However, the association between LO and PO remains unclear. In the last meeting, three types of association were discussed and identified:
· Option 1: One LO can be associated with one PO. 
· Option 2: One LO can be associated with multiple POs. 
· Option 3: Multiple LOs can be associated with one PO.
Figure 2 illustrates example associations between POs and LOs. Considering that the main motivation of LP-WUS is to replace the PEI-like functionality where LP-WUS indicates wake-up notification for triggering PO monitoring, it can be assumed that at least one LO should be associated with one PO (Figure 2 (a)). However, other options can also be considered. In Option 2, as shown in Figure 2 (b), LP-WUS can include multiple bits of wake-up indication for corresponding multiple POs. This option may be useful in scenarios with heavy paging loads, as it allows for distributing the paging load among multiple POs. Alternatively, Option 3 involves multiple LOs associated with one PO. This option may be beneficial for configuring multiple positions of LOs corresponding to UE capabilities, such as wake-up delay.
Although further discussion is needed regarding the association between LOs and POs, in any of the options, the common UE behavior is that after successfully receiving the wake-up indication with a given LO, the UE should monitor PO. Therefore, we propose the following as a first step:
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(a) one-to-one mapping 
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(b) one-to-N mapping 
[image: ]
(c) N-to-one mapping
Figure 2: Example illustration of association between PO and LO

Proposal 2: 
At least, with a given LP-WUS occasion, the UE should monitor one PO after successfully receiving the wake-up indication.

LP-WUS resource configuration
Regarding the LO/MO configuration, we also need to discuss time/frequency domain resource allocation for LO/MO reception. Considering LP-WUR aimed to be ultra-low complexity receiver, monitoring bandwidth of LP-WUR should be reduced, and multiple LP-WUS reception at the same time should be avoided. In the sense, at least LO/MO multiplexing should be based on TDM operation. On the other hand, if LOs/MOs are associated with different subgroup, FDM operation of LO/MO can also be considered while assuming that a UE only assumes the continuous monitoring of TDMed LO/MO. As we can see from Figure 3, there can be multiple LOs/MOs for different beams. if multiple LOs/POs are assumed, time overhead from multiple shots of multi-beam sweeping may be necessary and time overhead would be an issue. Therefore, we prefer to consider both TDM and FDM operation for LO/MO resource configuration.
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Figure 3: Example resource allocation of FDMed LO

Proposal 3:
· The multiplexing scheme of LP-WUS monitoring occasions (i.e., LO and MO) should be at least based on TDM.
· For LP-WUS monitoring occasions for different subgroup, FDM should also supported in addition to TDM.

2.2. Payload of LP-WUS
The number of LP-WUS subgroups
Regarding the number of subgroups for LP-WUS, the following possible agreement was discussed but not reached the consensus during the last meeting.
	Proposal 3-1r2: 
For idle/inactive mode,
· The maximum number of subgroups per PO is X, where X is no less than 8.
· FFS the exact value of X.



The larger number of subgroups brings better UE power saving gain by reducing unnecessary wake-up by other UE's wake-up within the same subgroup. On the other hand, it may cause too much NW overhead. Thus, there is the trade-off relationship between UE power saving gain and NW overhead in the number of subgroups. In Release-17 PEI, the number of subgroups is up to 8 for achieving good balance between the power saving gain and NW overhead. The maximum number of subgroups for LP-WUS should be no less than 8 to achieve similar/more power saving gain compared to PEI. On the other hand, to determine the maximum number of subgroups, it is necessary to evaluate carefully on the UE power saving for different number of subgroups taking into account the impact on NW overhead. From above reasons, we confirm the possible agreement.
Proposal 4:
· For idle/inactive mode,
· The maximum number of subgroups per PO is X, where X is no less than 8.
· FFS the exact value of X.

Subgrouping for LP-WUS
[bookmark: _Hlk166223102]At the RAN1#116 meeting, the following conclusion was made for L1 operation on LP-WUS in IDLE/INACTIVE mode [2].
	Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.



According to the agreement described above, the mapping scheme between LP-WUS subgroups and UEs is left to the decision of RAN2. However, potential issues regarding the association between LP-WUS subgroups and PEI subgroups were raised during the last meeting. 
An example association between LP-WUS subgroups and PEI subgroups is presented in Table 1. In the legacy behaviour of PEI subgroups, PEI subgroup IDs are derived based on the modulo operation of the UE ID. One possible definition of LP-WUS subgrouping is to reuse the PEI subgrouping (Alt.1 in Table 1). In this case, both subgroup IDs carry the same information, and there would not be a benefit of UEs configured to monitor both PEI and LP-WUS. Alternatively, if both subgrouping methods are completely independent (Alt.2 in Table 1), UEs can monitor both PEI and LP-WUS to obtain a more precise wake-up indication for reducing unnecessary waking-up.
From the perspective of RAN1, we consider that it is better to further evaluate the power-saving gain from using the same (independent) LP-WUS subgrouping as PEI. Additionally, it is important to clarify UE behaviours regarding the scenario where a UE can monitor both PEI and LP-WUS.

Table 1: Example of independent association between LP-WUS subgroups and PEI subgroups 
(subgroupsNumForUEID = 4)
	UE group for PO
	PEI subgroup ID
	LP-WUS subgroup ID
(Alt.1)
	LP-WUS subgroup ID
(Alt.2)

	#1
	#1
	#1 (Same as PEI)
	#1

	#2
	#2
	#2 (Same as PEI)
	#1

	#3
	#3
	#3 (Same as PEI)
	#1

	#4
	#4
	#4 (Same as PEI)
	#1

	#5
	#1
	#1 (Same as PEI)
	#2

	#6
	#2
	#2 (Same as PEI)
	#2

	…
	…
	…
	…



Proposal 5:
· Further consider independent LP-WUS subgrouping from PEI subgrouping

LP-WUS content
Regarding the number of subgroups for LP-WUS, the following possible agreement was discussed but not reached the consensus during the last meeting.
	Proposed conclusion 3-2: 
For idle/inactive mode, RAN1 does not discuss further carrying additional information other than subgroup-based wake-up indication and cell information in LP-WUS.



Regarding cell information carried by LP-SS/LP-WUS, 1008 unique PCIs may be helpful to improve better channel separation between serving cell and neighbouring cells. Thus, we need more discussion whether LP-SS carries the PCIs, and whether LP-SS or other sequence generation are associated with PCIs. However, we do not see any motivation to include PCIs in LP-WUS payload. 
During SI phase, some other information, e.g., SI change, tracking area information, etc., were discussed for the possible LP-WUS contents. We do not see any motivation to include this additional information in LP-WUS payload, except for the ETWS/CMAS notification. Emergency information, like ETWS/CMAS, is crucial for specific types of devices, such as regular NR devices like smartphones. Thus, ETWS/CMAS information should be reliably received even in the case of LP-WUS capable UEs. If LP-WUS detection fails, it is clear the subsequent PO monitoring also fails. In the sense, if the misdetection performance of legacy paging monitoring including ETWS/CMAS monitoring procedure is highly impacted by LP-WUS detection, we should consider the possible alternative solution to surely indicate ETWS/CMAS notification, e.g., ETWS/CMAS notification by LP-WUS. However, considering LP-WUS payload should be minimized for better coverage performance, additional information other than wake-up indication should be avoided. Therefore, we should firstly consider the impact of paging misdetection performance caused by LP-WUS, and if appropriate threshold of entry/exit condition of LP-WUS monitoring is determined and specified, we are fine to preclude the ETWS/CMAS notification by LP-WUS.

Proposal 6: 
For idle/inactive mode, RAN1 does not discuss further carrying additional information other than subgroup-based wake-up indication and ETWS/CMAS notification.
· If entry/exit procedure for LP-WUS monitoring can ensure that paging misdetection performance is not impacted by LP-WUS detection, ETWS/CMAS notification should not be conveyed by LP-WUS payload.
· Note: LP-SS may or may not carry the cell ID information, and LP-SS or other sequence generation may or may not be associated with PCIs.

2.3. Entry/exit condition for LP-WUS monitoring
Regarding entry/exit condition for LP-WUS monitoring, following working assumption was made during the last meeting.
	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.



Although LP-WUS/LP-SS aims to achieve coverage for PUSCH in message 3, which is one of the NR bottleneck channels in IDLE/INACTIVE mode, it remains unclear whether LP-WUS/LP-SS can provide sufficient coverage performance in real NW deployments. Therefore, in cases of poor channel conditions, it is desirable to introduce entry/exit mechanisms based on channel quality to ensure fallback to the legacy paging operation by MR. In the case, we can consider a threshold configured by the gNB to trigger the entry/exit event of LP-WUS monitoring.
Although the complete UE procedure for the entry/exit of LP-WUS monitoring is still unclear, at least before the start of LP-WUS monitoring, MR would be awakened and perform RRM measurements following legacy UE behavior. In such cases, specifically outside the ultra-deep sleep state, the entry condition should be determined by the measurement results performed by MR. Similarly, at least before the termination of LP-WUS monitoring, LP-WUR would be awakened to perform LP-SS and/or NR SSB monitoring. Thus, the exit condition should be determined by the measurement results performed by LP-WUR.
Further discussion is needed on additional possible conditions, however we can confirm the working assumption as described above. 

Proposal 7:
· Confirm the previous working assumption, i.e.,
· 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.

2.4. RRM measurement
At RAN1#116bis meeting, following agreement is achieved. 
	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.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. 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.



For the definition of LP-RSSI for determination of LP-RSRQ, three options are provided for further consideration. The difference lies in whether measurement is performed on OOK-ON, OOK-OFF, or both to determine the LP-RSSI. As legacy RSSI includes the signal power of its serving cell, it is better that LP-RSSI includes the signal power of its serving cell as well. Then Option 1 and 3 could be better. For the interference part, due to the OOK waveform, measuring only on OOK-ON or OOK-OFF symbol may miss some of the neighbour cells. Figure 4 shows an example of missing some of the neighbour cells when only measuring on only OOK-ON or OOK-OFF symbols. If Option 3 is used, UE will only measure on the OOK-ON symbols of the serving cell, while it cannot measure the neighbour cell A, as neighbour cell A is within its OOK-OFF in some cases. Due to the same reason, Option 2 is unable to measure the neighbour cell B. Option 1, which measuring in all OOK symbols, is better as it allows for the measurement of all the neighbour cells in any situation. 
Furthermore, Option 1 provides more measurement samples to provide higher measurement accuracy as both OOK-ON and OOK-OFF symbols can be used for measurement.  
Meanwhile, LP-WUS can also be contributed to LP-RSRP and LP-RSRQ to improve the measurement accuracy. It is preferred that measuring the time resource for above metric only within a window duration. As per legacy measurement, the mechanism to obtain the L1/L3 level and beam/cell level measurement results should be discussed. 
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Figure 4: Measurement for LP-RSSI by OOK-based receiver

Proposal 8:
· For measurement by OOK-based receiver based on LP-SS/LP-WUS  
· For LP-RSSI, support Option 1 to measure on all LP-SS OOK symbols. 
· LP-WUS can also be contributed to LP-RSRP and LP-RSRQ measurement to improve the accuracy.  
· Measuring the time resource for above metric only within a window duration. 
· Define mechanism to obtain L1/L3 beam-/cell-level metrics.   

For measurement by OFDM-based receiver, UE could measure on SSB with legacy metrics. The necessity of defining new metrics for OFDM-based receiver on LP-SS is not clear. 
Proposal 9:
· Reuse legacy metrics for RRM measurement by OFDM-based receiver.   

3. Conclusion
In this contribution, we discussed LP-WUS operation in IDLE/INACTIVE modes. Based on the discussion, the following proposals were made:

Proposal 1: 
· The value of K, denoting the number of LP-WUS MOs for each beam, should be configurable by gNB and the value can be larger than or equal to 1.
Proposal 2: 
At least, with a given LP-WUS occasion, the UE should monitor one PO after successfully receiving the wake-up indication.
Proposal 3:
· The multiplexing scheme of LP-WUS monitoring occasions (i.e., LO and MO) should be at least based on TDM.
· For LP-WUS monitoring occasions for different subgroup, FDM should also supported in addition to TDM.
Proposal 4:
· For idle/inactive mode,
· The maximum number of subgroups per PO is X, where X is no less than 8.
· FFS the exact value of X.
Proposal 5:
· Further consider independent LP-WUS subgrouping from PEI subgrouping
Proposal 6: 
For idle/inactive mode, RAN1 does not discuss further carrying additional information other than subgroup-based wake-up indication and ETWS/CMAS notification.
· If entry/exit procedure for LP-WUS monitoring can ensure that paging misdetection performance is not impacted by LP-WUS detection, ETWS/CMAS notification should not be conveyed by LP-WUS payload.
· Note: LP-SS may or may not carry the cell ID information, and LP-SS or other sequence generation may or may not be associated with PCIs.
Proposal 7:
· Confirm the previous working assumption, i.e.,
· 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.
Proposal 8:
· For measurement by OOK-based receiver based on LP-SS/LP-WUS  
· For LP-RSSI, support Option 1 to measure on all LP-SS OOK symbols. 
· LP-WUS can also be contributed to LP-RSRP and LP-RSRQ measurement to improve the accuracy.  
· Measuring the time resource for above metric only within a window duration. 
· Define mechanism to obtain L1/L3 beam-/cell-level metrics.   
Proposal 9:
· Reuse legacy metrics for RRM measurement by OFDM-based receiver.   
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