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[bookmark: _Ref68628695]Introduction
In [1], a new work item (WI) is approved for the low-power (LP) wakeup signal (WUS) and wakeup receiver (WUR) design for NR with the objectives below. The RAN1 related scope includes three main topics:
· LP-WUS and LP-SS design
· LP-WUR operation in UE idle and inactive modes
· LP-WUR operation in UE connected mode.
In this paper, we discuss the design aspects for the LP-WUR operation in idle and inactive modes. The general LP-WUS/LP-SS design and connected mode procedures are discussed in our companion papers in [2] and [3].
	[bookmark: _Hlk153295984]4.1	Objective of SI or Core part WI or Testing part WI

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 modes
· 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

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

1. Specify the demodulation performance and test cases for LP-WUS/WUR[RAN4].
2. Specify RRM measurement performance requirement and corresponding test cases for the LP-WUS/WUR[RAN4].


 
LP-WUS monitoring 
[bookmark: _Ref166010380]Review of NB-IoT group WUS monitoring
NB-IoT group WUS design is very much similar to the design of the NR Rel-19 LP-WUS in the sense that both target at low power consumption applications with large number of devices. In our opinion, both sequence based WUS design and UE subgroup splitting in multiple WUS resources of the NB-IoT WUS can be reused by the NR LP-WUS. In our companion paper for agenda 8.6.1 in [2], we have focused on the sequence signaling design aspect. In this paper, we will focus on the LP-WUS monitoring occasion design.
In Rel-16, group WUS was introduced for NB-IoT by using CDM and TDM. For each PO, up to 2 WUS resources in TDM are configured to multiplex the transmission of group WUSs. Up to 8 WUS sequences can be configured per WUS resource. Besides, a common WUS sequence can be configured to wake up all UE groups in a WUS resource. At any time, no more than one WUS sequence is transmitted. The NB-IoT WUS resource is the counterpart of the NR LP-WUS monitoring occasion. By configuring 2 WUS resources per PO, the UE subgrouping granularity is doubled with up to 16 UE group specific WUS sequences without introducing additional paging delay compared to the case that 1 WUS resource is configured with 8 UE group specific WUS sequences. Due to the degraded NF and non-coherent processing of OOK LP-WUR, spectral efficiency of the LP-WUS is much lower than PDCCH. In this case, the multiple WUS monitoring occasions inspired by NB-IoT WUS design is an effective way to increase the LP-WUS capacity per PO. We think the following designs of NB-IoT can be reused by NR LP-WUS. 
[bookmark: o1]Observation 1: The following designs of NB-IoT group WUS can be considered for the NR LP-WUS:
· Multiple WUS monitoring occasions (MO) can be configured in the WUS period for different WUSs associated with different UE subgroups
· Up to 8 UE subgroups are associated with each MO.



Figure 1: NB-IoT group WUS.
LP-WUS occasion
In RAN1 #116, the agreements below were made to define the LP-WUS occasion (LO) and the LP-WUS monitoring occasion (MO). This basically determines that the idle/inactive LP-WUS monitoring is periodic in a duty-cycled manner. Within each LO, multiple LP-WUS MOs can be configured at least for multi-beam transmissions of the LP-WUS. gNB may configure a beam sweeping pattern of LP-WUS transmission that is matched with beam forming pattern of SSBs. In this case, the LP-WUS length is restricted to 7 OFDM symbols. From the LP-WUS design discussion in 8.6.1, this may not be a trivial design goal to achieve. 
	Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitor for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· FFS eDRX, if supported

Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode



In the RAN1 #116bis, two more agreements below were made for time domain monitoring of the LP-WUS. The first agreement states that LP-WUS repetition in different beams is supported. This agreement does not preclude different LP-WUSs transmitted from the same beam in the LO. The second agreement is to determine whether only beam sweeping should be considered for LP-WUS transmission in the LO or there are other reasons for gNB to send the LP-WUS in multiple MOs in the same beam. Following the discussions on NB-IoT in section 2.1, we support multiple LP-WUS MOs can be configured in same beam in the LO to for LP-WUS repetition and further UE subgroup splitting.
	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



In general, we think structure of LP-WUS MOs in a LO should have three tiers including beam sweeping, repetition and UE subgroup splitting. On the bottom tier, it is the beam sweeping pattern where gNB transmits the same LP-WUS in different beam directions. On top of that, time domain repetition can be configured for the UE to receive and combine LP-WUS from multiple MOs for better coverage. At last, MOs can be configured to transmit different LP-WUSs for different UE subgroups. This is the design borrowed from the NB-IoT multiple resources per PO. For example, LP-WUSs for half of the UE subgroups are configured in one MO within the LO and LP-WUSs for the other half of UE subgroups are configured in another MO, and etc. By this means, the number of UE subgroups associated with LP-WUSs in a LO can be increased without introducing additional paging delay. 
[bookmark: p1]Proposal 1: The LO contains a three-tier structure of LP-WUS MOs for beam sweeping, time domain repetition and transmission of different LP-WUSs in different MOs associated with different UE subgroups.
[bookmark: p2]Proposal 2: In the 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”, support that K can be larger than or equal to 1 and K =  where  is the number of LP-WUS repetitions in same beam and  is the number of LP-WUS occasions for different sets of LP-WUSs.
Example in Figure 2 shows the LO structure described above. Within the LO, LP-WUS MOs are configured for different beams. Within each beam, LP-WUS MOs are configured for LP-WUS repetitions and for LP-WUSs associated with different sets of UE subgroups (i.e., MOs with different colours). Similar to PO design, the LP-WUS is not transmitted in UL symbols determined by the cell common TDD UL and DL configuration (i.e., TDD-UL-DL-ConfigCommon). Based on these, the LO can be constructed from network LP-WUS transmission perspective by the following proposal.
[bookmark: p3]Proposal 3: LP-WUS occasion is a set of  consecutive LP-WUS monitoring occasions where  is the number of beams,  is the number of LP-WUS occasions associated with different sets of LP-WUSs and  is the number of LP-WUS repetitions. The th LP-WUS monitoring occasion in the LO corresponds to the th beam for the th set of LP-WUSs and the th repetition, where ,  and m. The LP-WUS monitoring occasions which do not overlap with UL symbols determined according to tdd-UL-DL-ConfigCommon are sequentially numbered from zero starting from the first LP-WUS monitoring occasion in the LO. When the UE detects a LP-WUS associated with its UE subgroup, the UE is not required to monitor subsequent LP-WUS monitoring occasions in this LO.



[bookmark: _Ref166180127]Figure 2: LP-WUS monitoring occasions in the LP-WUS occasion

Periodicity of LP-WUS occasion 
Two options were discussed for the periodicity of LO for a UE in iDRX mode:
· Option 1: it is the same as the iDRX cycle
· Option 2: it can be the same as or smaller than the iDRX cycle
We think option 1 is sufficient for the idle/inactive mode LP-WUS design. For option 2, maybe the idea is to use different LOs for different sets of LP-WUSs that are associated with different sets of UE subgroups, or to enable repetitions of LP-WUS in the same LO for coverage enhancements. As shown in Figure 2, these can all be absorbed by the LP MO pattern in our proposal. The only difference between option 2 and Figure 2 seems that option 2 enables even distribution of chunks of LP-WUS MOs associated with different sets of UE subgroups or repetitions. However, it is unclear what benefit the even distribution can provide. Hence, we support option 1 for the periodicity of LO.
[bookmark: p4]Proposal 4: Periodicity of the LO for a UE in idle/inactive mode is the same as the iDRX cycle.
When the LO periodicity is the same as the iDRX cycle, for the association of LO and PO, the following options were discussed in RAN #116:
· Option 1: One LO is associated with one PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
Option 1 should be supported as baseline for the idle/inactive LP-WUS design. Option 3 is equivalent to multiple LP-WUS MOs in the LO that are associated with different sets of UE subgroups. It can be combined with option 1 as shown by Figure 2. For option 3, the LP-WUS carries more information than option 1, and hence occupies more OFDM symbols. However, this may pose design challenges due to the limited data rate of LP-WUS. For example, if network wants to align the LP-WUS beams with SSB beams, the maximum LP-WUS transmission duration is confined within the inter-SSB interval which can be as small as half slot. This restricts the maximum number of ON/OFF symbols of LP-WUS to be a relatively small value even for the agreed maximum OOK-4 M value 4.
[bookmark: o2]Observation 2: Due to the limited data rate of the LP-WUS, the number of UE subgroups associated with each LP-WUS occasion is limited when the maximum LP-WUS length is caped. 
[bookmark: p5]Proposal 5: Support one LO is associated with one PO
· LP-WUS MOs in the LO can be associated with different sets of UE subgroups of the PO.

[bookmark: _Ref162122591]Offset between LO and MR wakeup 
When LP-WUR is turned on in idle/inactive modes, the MR is switched to ultra-deep sleep mode to save power. After the UE receives LP-WUS indicating its UE subgroup is paged, the UE will wake up the MR. For that, a sufficiently large offset is needed for UE to switch from LR operation to MR wakeup. If the MR wakes up to monitor PO, the offset between LO and PO should cover the time for LP-WUS detection, MR wake-up and resync time. If the UE first receives the PEI after MR wakeup, the offset should be measured between the LO and the PEI occasion. 
[bookmark: p6]Proposal 6: Network configures LP-WUS occasion to satisfy the minimum MR wake-up delay offset between LP-WUS MOs and PDCCH monitoring occasion for PEI and paging PDCCH.
LP-WUS content
In our companion paper [2], we compared the two design options for LP-WUS, the bitmap based solution and the codepoint based solution. Our analysis indicates that various codepoint based designs are essentially all based on sequence selection for the UE subgroup(s) to be paged. Within each LO periodicity, one or more LP-WUS occasions can be configured for the transmissions of LP-WUS in different LP-WUS sets. At a time, one sequence among multiple candidate sequences is transmitted in a LP-WUS monitoring occasion, which can be either a UE subgroup specific sequence or a common sequence. 
The LP-WUR has worse NF and less processing gain than the MR and hence the spectral efficiency supported by LP-WUS cannot match with the PDCCH i.e., paging PDCCH or PEI. This limits the maximum number of information bits that can be carried by the LP-WUS in comparison to the PDCCH based signals. In other words, resources used for LP-WUS are more than that is needed for the PDCCH when everything else is the same. Aggregating paging information for multiple POs will consume a lot of resources and could block the other idle/inactive mode channels and signals in the background. Having said that, it is more feasible to distribute the resource usage in time domain, e.g., across POs and paging frames and restrict the maximum number of UE subgroups indicated by the LP-WUS. 
[bookmark: o3]Observation 3: Due to lower spectral efficiency, LP-WUS can consume a lot of resources if it indicates a large number of UE subgroups. This may block the other idle/inactive mode channels/signals.
The amount of information carried by LP-WUS can be either be based on the maximum number of information bits carried by the LP-WUS or the maximum number of UE subgroups associated with the LP-WUS. For upper layer design perspective, RAN2 would care more about the number of UE subgroups than the number of information bits. Based on these, we have the following proposal for the LP-WUS design.
[bookmark: p7]Proposal 7: For idle/inactive modes, the maximum number of UE subgroups associated with a LP-WUS monitoring occasion is 8.

UE behaviour after receiving LP-WUS
The following agreement was made in RAN1 #116 for UE behaviour after receiving the LP-WUS that indicates the UE to wake up. Once the UE wakes up its MR, it can receive information related to the paging PDSCH and short messages. There was a debate on whether dynamic PO is supported. First, we think dynamic PO has a major impact on the upper layer design. In particular, the core network now needs to send paging information to RAN multiple times per PO during the paging cycle to enable the dynamic PO. We can leave this discussion to RAN2. The dynamic PO also have a major impact to PHY LP-WUS design. With dynamic PO, essentially any UE can be paged at any time within the paging cycle. As a result, the number of UE subgroups that can be paged by the LP-WUS within a time duration (e.g., interval between two consecutive POs) is  times that without dynamic PO, where  is the number of paging frames (PF) in the paging cycle,  is the number of POs for a PF and  is the number of LOs before each PO. In other words, this requires the average data rate of LP-WUS to be  times higher. Considering the limited spectral efficiency due to OOK detection and degraded NF of LP-WUR, we see this poses great challenges in the LP-WUS design. Because of this, we propose to not support dynamic PO at least for the Rel-19 LP-WUS in idle/inactive modes.
[bookmark: o4]Observation 4: Dynamic PO requires  times higher average data rate of the LP-WUS, where  is the number of paging frames (PF) in the paging cycle,  is the number of POs for a PF and  is the number of LOs before each PO. This is challenging for the LP-WUS design given the limited spectral efficiency that can be supported by OOK.
[bookmark: p8]Proposal 8: Do not consider dynamic PO in Rel-19 LP-WUS design for idle/inactive modes.
	Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO



PEI and LP-WUS are two power saving features for the idle//inactive modes. The following agreement allows the two features to be configured together by network. The joint paging based on LP-WUS and PEI can be beneficial in further reducing the probability that a UE is indicated by network to monitor the paging PDCCH when it is not paged. This can be achieved either by finer subgrouping granularity of the PEI or splitting UEs into subgroups with different sets of UEs (see Figure 3). As shown in the figure, the joint subgrouping between LP-WUS and PEI improves the subgrouping granularity by a factor of the number of PEI subgroups with no additional signaling cost. 
[bookmark: o5]Observation 5: Joint subgrouping between LP-WUS and PEI improves the subgrouping granularity.
[bookmark: p9]Proposal 9: Support the UE monitoring PEI after receiving LP-WUS indicating wakeup to enhance the UE subgrouping granularity.
	Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.



As discussed in section 2.4 for time gap between LO and MR wakeup, for the UE to monitor PEI after receiving LP-WUS indicating a wakeup, the time gap should be no smaller than the minimum time gap for UE to wake up the MR. Network can essentially use this time gap to control whether the UE is allowed to monitor PEI. I.e., if the time gap between LO and PEI occasion is not larger than or equal to the minimum wakeup delay reported in UE capability, the UE is not expected to monitor the PEI after receiving LP-WUS indicating a wakeup.
[bookmark: o6]Observation 6: For the UE to monitor PEI after receiving LP-WUS indicating a wakeup, the time gap between LO and the PEI occasion should be no smaller than the minimum MR wakeup delay supported by the UE.
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[bookmark: _Ref162112487]Figure 3: Different subgroup splitting for LP-WUS and PEI.
[bookmark: _Ref162194769]LP-WUS monitoring entry/exit condition
The LP-WUS generally has a shorter coverage than paging PDCCH. Hence, the UE may only be able to operate the MR but not the LP-WUR if the LP-WUS signal quality is not good enough for reliable LP-WUS detection. To assess the channel quality observed by LP-WUR, the UE can either measure the LP-SS RSRP/RSRQ in LP-WUR or measure SSBs in MR. This enables the exit and entry condition checking for the LP-WUR. For the entry condition, LP-SS RSRP/RSRQ can also be used as the measurement metric which introduces additional delay due to the switching between LP-WUR and MR. As long as the UE MR operation such as SSB based RRM measurement or UE autonomous transmission is not interrupted by the switching delay, the LP-SS RSRP/RSRQ is more accurate for the entry condition checking. Ideally, network would configure separate thresholds for the entry condition for SSB based measurement and LP-SS based measurement and let the UE decide which metric to measure.
In RAN1 #116bis, the following working assumption was made for the entry/exit conditions for LP-WUS monitoring in idle/inactive modes. The LP-WUS monitoring entry condition assumes that LP-WUR and MR operate in the same bandwidth so that measurement of SSB reflects channel condition observed by LP-WUR. If the LP-WUS is configured in a different channel bandwidth, carrier or frequency band that the MR is operated in, the SSB based measurement performed by the MR may not reflect the LP-WUS quality. In this case, it would be better to use the LP-WUR to directly measure LP-SS. The LP-WUS monitoring exit condition relies on the measurement performed by the LR. This would also work for the case that MR and LR are operating in different channel bandwidth, carriers or frequency bands. Then, no other conditions need to be considered for LP-WUS monitoring exit.
[bookmark: o7]Observation 7: For the UE LP-WUS monitoring entry condition, the serving cell measurement performed by the MR may not reflect LP-WUS quality if the MR and LR operate in different frequency bands.
[bookmark: p11]Proposal 10: If the case the MR and LR operate in different frequency band is supported, serving cell measurement performed by LR is used for the LP-WUS monitoring entry condition.
[bookmark: p12]Proposal 11: No other conditions need to be considered for LP-WUS monitoring exit condition.
LP-RSRP and LP-RSRQ have been agreed as the LP-SS based RRM measurement metrics. These metrics can be used as the LR measurement metrics for the LP-WUS monitoring exit condition. For LP-WUS monitoring entry condition, the RSRP and RSRQ for RRM measurements can be reused.
[bookmark: p13]Proposal 12: RSRP and RSRQ measured by the MR and LP-RSRP and LP-RSRQ measured by the LR are used as the serving cell measurement metrics for LP-WUS monitoring entry/exit conditions.

	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.



RRM measurement
In RAN1 #116bis, it was agreed that LP-RSRP and LP-RSRQ are used as the RRM measurement performed by OOK-based LP-WUR. To calculate the LP-RSRQ, the LP-RSSI will also be calculated as an intermediate result. LP-RSRP reflects the clean LP-SS signal power after the receiver applies denoising to the raw received LP-SS waveform. The denoising operation can be done by subtracting the total received power in the OOK OFF symbols from that of the OOK ON symbols. Depending on how LP-SS is generated at gNB, the restricted bandwidth of LP-SS may cause signal power to leak into OOK OFF symbols. However, this may only impact the high SNR region where the absolute accuracy of measurement is not important for mobility. For the SNR region where the MR needs to reselect to the neighbour cell, this signal power leakage can be ignored.
[bookmark: p14]Proposal 13: LP-RSRP can be determined by subtracting the linear average of total received power in LP-SS OOK OFF symbols from the linear average of total received power in LP-SS ON symbols.
For LP-RSRQ computation, Option 2 determines the LP-RSSI by the linear average of total received power in LP-SS OOK OFF symbols which is essentially the noise and interference term. To follow MR RSSI definition, the LP-RSSI should also include both signal power and noise as well as interference power. Based on this, we think Option 2 should not be considered further. Both Option 1 and Option 2 are aligned with existing NR RSSI.
[bookmark: p15]Proposal 14: For the definition of LP-RSSI, do not support Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.

	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.



Conclusions
In this contribution, we have provided the following observations and proposals:
Observation 1: The following designs of NB-IoT group WUS can be considered for the NR LP-WUS:
· Multiple WUS monitoring occasions (MO) can be configured in the WUS period for different WUSs associated with different UE subgroups
· Up to 8 UE subgroups are associated with each MO.
Observation 2: Due to the limited data rate of the LP-WUS, the number of UE subgroups associated with each LP-WUS occasion is limited when the maximum LP-WUS length is caped. 
Observation 3: Due to lower spectral efficiency, LP-WUS can consume a lot of resources if it indicates a large number of UE subgroups. This may block the other idle/inactive mode channels/signals.
Observation 4: Dynamic PO requires  times higher average data rate of the LP-WUS, where  is the number of paging frames (PF) in the paging cycle,  is the number of POs for a PF and  is the number of LOs before each PO. This is challenging for the LP-WUS design given the limited spectral efficiency that can be supported by OOK.
Observation 5: Joint subgrouping between LP-WUS and PEI improves the subgrouping granularity.
Observation 6: For the UE to monitor PEI after receiving LP-WUS indicating a wakeup, the time gap between LO and the PEI occasion should be no smaller than the minimum MR wakeup delay supported by the UE.
Observation 7: For the UE LP-WUS monitoring entry condition, the serving cell measurement performed by the MR may not reflect LP-WUS quality if the MR and LR operate in different frequency bands.

Proposal 1: The LO contains a three-tier structure of LP-WUS MOs for beam sweeping, time domain repetition and transmission of different LP-WUSs in different MOs associated with different UE subgroups.
Proposal 2: In the 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”, support that K can be larger than or equal to 1 and K =  where  is the number of LP-WUS repetitions in same beam and  is the number of LP-WUS occasions for different sets of LP-WUSs.
Proposal 3: LP-WUS occasion is a set of  consecutive LP-WUS monitoring occasions where  is the number of beams,  is the number of LP-WUS occasions associated with different sets of LP-WUSs and  is the number of LP-WUS repetitions. The th LP-WUS monitoring occasion in the LO corresponds to the th beam for the th set of LP-WUSs and the th repetition, where ,  and m. The LP-WUS monitoring occasions which do not overlap with UL symbols determined according to tdd-UL-DL-ConfigCommon are sequentially numbered from zero starting from the first LP-WUS monitoring occasion in the LO. When the UE detects a LP-WUS associated with its UE subgroup, the UE is not required to monitor subsequent LP-WUS monitoring occasions in this LO.
Proposal 4: Periodicity of the LO for a UE in idle/inactive mode is the same as the iDRX cycle.
Proposal 5: Support one LO is associated with one PO
· LP-WUS MOs in the LO can be associated with different sets of UE subgroups of the PO.
Proposal 6: Network configures LP-WUS occasion to satisfy the minimum MR wake-up delay offset between LP-WUS MOs and PDCCH monitoring occasion for PEI and paging PDCCH.
Proposal 7: For idle/inactive modes, the maximum number of UE subgroups associated with a LP-WUS monitoring occasion is 8.
Proposal 8: Do not consider dynamic PO in Rel-19 LP-WUS design for idle/inactive modes.
Proposal 9: Support the UE monitoring PEI after receiving LP-WUS indicating wakeup to enhance the UE subgrouping granularity.
Proposal 10: If the case the MR and LR operate in different frequency band is supported, serving cell measurement performed by LR is used for the LP-WUS monitoring entry condition.
Proposal 11: No other conditions need to be considered for LP-WUS monitoring exit condition.
Proposal 12: RSRP and RSRQ measured by the MR and LP-RSRP and LP-RSRQ measured by the LR are used as the serving cell measurement metrics for LP-WUS monitoring entry/exit conditions.
Proposal 13: LP-RSRP can be determined by subtracting the linear average of total received power in LP-SS OOK OFF symbols from the linear average of total received power in LP-SS ON symbols.
Proposal 14: For the definition of LP-RSSI, do not support Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
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