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Introduction
After the completion of the Rel-18 study item on low-power wake-up signal and receiver for NR (TR 38.869), the Rel-19 WI on LP-WUS/WUR was approved in RP-234056 and updated in RP-240801. One of the objectives is related to LP-WUS operation in idle/inactive mode:
	· 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) 


In this contribution, we discuss the related PHY procedures for LP-WUS operation in idle/inactive mode based on the agreements made in the previous meetings (see Appendix).
PHY procedures for idle/inactive UEs
Support of different wake-up delay for different UEs
During the SI, most of the discussions were focusing on MR in ultra-deep sleep state while monitoring LP-WUS, for which 400 ms and 800 ms of wake-up delay had been used for evaluation purpose. There were also some evaluation results that assumed the MR was in deep sleep state. The UE power saving gain was not as large as the ultra-deep sleep state, but it was still very significant, 34%~65% power saving if the LP-WUR power consumption is no larger than 4 according to TR 38.869 Section 8.1.1.8.1.1. The MR wake-up time from ultra-deep sleep state can be quite long, assumed as either 400ms or 800ms in the SI phase, but it can be even longer for a more complicated non-IoT device such as smartphones. Such a long wake-up time can cause latency performance concern for some applications such as VoIP, and degrade user experience even for eMBB applications. In contrast, wake-up time from deep sleep state only takes ~20ms. Therefore, we think it is also important for LP-WUS design to support the MR waking up from deep sleep state, in order to support a wider range of devices/applications.
Another reason to support MR deep sleep state is related to MR RRM measurement offloading/relaxation. For ultra-deep sleep state, in order to achieve UE power saving, it is critical to offload/relax RRM measurement performed by MR. As shown in Figure 1(a), for ultra-deep sleep state with transition energy of 15000, the UE power saving becomes quite small even when RRM is performed once every 10 cycles, and more significant gain can be observed only when RRM is relaxed to at least once every 20 cycles. On the other hand, as shown in Figure 1(b), for deep sleep state with transition energy of 450, it is much less sensitive to the frequency of RRM measurement, and obvious gain can be observed even with RRM once every 5 cycles.
Although the serving cell measurement can be potentially offloaded to LR to a large extent, neighbor cell measurement relaxation is much more difficult especially if UE is at cell edge. This makes it even more important to support MR entering deep sleep state. MR entering ultra-deep sleep state is more suitable for stationary devices, while MR entering deep sleep state can be more useful in supporting low mobility devices.
[image: A graph of a graph with numbers and lines

Description automatically generated with medium confidence] [image: A graph with colored lines and numbers

Description automatically generated]
(a) MR transition energy = 15000 (ultra-deep sleep)	(b) MR transition energy = 450 (deep sleep)
Figure 1 UE power saving gain with different RRM relaxation assumptions

In terms of specification impact, the only thing that is affected is the offset between LP-WUS monitoring and PO. To support MR deep sleep state, a much smaller value should be supported for the offset, which should be very straightforward.
Observation 1: Supporting MR waking up from deep sleep state has much less stringent requirement on MR RRM measurement offloading/relaxation to achieve UE power saving, and has much shorter wake-up delay compared to ultra-deep sleep state.
Proposal 1: MR waking up from deep sleep state, in addition to ultra-deep sleep state, is supported, via supporting smaller value(s) for the offset between LP-WUS monitoring and PO.
Another issue to be considered is the wake-up delay for ultra-deep sleep state. Although 400 and 800 ms were used for evaluation during the SI, the numbers are far from serving as a prediction for the real implementation. It could result in a big mismatch if we simply use these numbers for specification, which would adversely impact the performance. Therefore, we think it is important to allow some flexibility in the specifications by supporting multiple values for wake-up delay.
Support of deep sleep state and multiple wake-up delay values for ultra-deep sleep state can be discussed together within the framework of UE capability reporting on the supported minimum wake-up delay. To support deep sleep state and ultra-deep sleep state and different UE implementation on the minimum wake-up time for the MR, we should allow a UE to report its capability on the supported minimum wake-up delay. Theoretically more than one values can be potentially reported, which can correspond to different sleep states. gNB then configures the offset considering the UE capabilities. If multiple values are reported by a UE, gNB may configure the offset based on one of the reported values. If we want to keep it simple, a single value can be reported by a UE. The exact value set that can be reported by the UE can be further discussed, and it is desirable to keep the set small to avoid the too complicated handling at the gNB.
Proposal 2: UE reports one value for the supported minimum wake-up delay.
· FFS the value set
· FFS whether a UE can report multiple values (corresponding to different sleep states)
LP-WUS monitoring
One FFS issue from the previous agreements is whether to support dynamic PO, the main motivation is to allow latency reduction in paging delivery. For example, LO can be monitored with a smaller periodicity compared to paging cycle, and whenever the UE receives LP-WUS, it monitors a PO after a certain offset, which may be earlier than the next legacy PO the UE would monitor. The cost would be the additional overhead. As the gNB does not know whether the UE is monitoring LP-WUS or legacy PO, the gNB needs to transmit paging PDCCH/PDSCH in both the dynamic PO after LP-WUS and the legacy PO. The question is whether the additional overhead is justifiable by the latency reduction. It is true that dynamic PO can indeed reduce the latency. However, as the UE may or may not monitor LP-WUS, the paging cycle needs to be configured such that the latency requirement can be satisfied even when the UE is not monitoring LP-WUS. Opportunistic latency reduction can be achieved if the UE is monitoring LP-WUS. However, this is not really critical in our view.
Proposal 3: Do not support dynamic PO.
If no dynamic PO is supported, it is straightforward that the periodicity of LO should be the same as the periodicity of legacy PO.
Proposal 4: For iDRX mode, the periodicity of LO is the same as the iDRX cycle.

Association between LO and PO

Assuming legacy PO is monitored after receiving LP-WUS, for the mapping between LO and PO, three options have been discussed:
· 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
· Note: each UE monitors one LO
There is also an additional proposal where there is no direct mapping between LO and PO (a.k.a. Option 4 below).
On Option 4 where there is no direct mapping between LO and PO, the main motivation is to support a very large number of subgroups, and a subgroup ID is carried in a LP-WUS. Without the association between LO and PO, all the UEs are divided into new (sub)groups for LP-WUS, which is completely independent from the paging group. To achieve similar subgroup paging rate (or similar number of UEs in a subgroup), the number of (sub)groups needed for Option 4 is much higher than the number of subgroups per PO needed for e.g. Option 1, resulting in more overhead for subgroup ID. This is the main disadvantage of Option 4, due to the reason that it does not take advantage of the existing paging group to reduce the overhead.
On the other hand, large number of subgroups can be supported using other options that have mapping defined between LO and PO, with reduced overhead. For example, in Figure 2(a), a UE monitors all the LOs, and if it receives any LP-WUS, it may monitor its own first PO after the wake-up delay. Assuming all the UEs are divided into 256 (sub)groups, 8 bits are needed to represent subgroup ID. In Figure 2(b), a UE only monitors one or two LOs corresponding to its own PO. Assuming there are 16 groups for PO, only 16 subgroups per PO is needed to achieve a total number 256 (sub)groups as in 2(a), which translates into 4 bits for subgroup ID. Therefore, the LP-WUS overhead is smaller for Option 3.
One may argue that Option 4 provides greater scheduling flexibility as LP-WUS for any UE can be transmitted in any of the LOs. However, this can be achieved by allowing multiple scheduling opportunities in each LO.
Therefore, we prefer the options that have a direct mapping between LO and PO.
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(a) Option 4: no mapping between LO and PO
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(b) Option 3: Multiple LOs are associated with one PO
Figure 2 Illustration of association between LO and PO
Among Options 1/2/3, Option 2 is similar to the R17 PEI mechanism. For PEI, it was supported that one PEI-O is associated with multiple PO. The main reason is that PEI PDCCH has a large payload size, and a lot of bits would be wasted if we have one-to-one mapping between PEI-O and PO. For LP-WUS, the situation is different. Most likely we will have a range for the supported payload size for LP-WUS, and the payload size can be determined based on the configurations. LP-WUS is transmitted only if there is at least a UE to be woken up.
Here we provide a simple analysis in Table 1 on the LP-WUS overhead for Option 1 and 2, when one LO is associated with one or multiple POs. Here we assume the group paging rate per PO is 10%. The resources per LP-WUS for different number of POs, normalized by the resources for one PO per LO, are purely assumptions. With more POs per LO, the payload size is assumed to increase linearly with the number of POs, but the resources per LP-WUS do not increase linearly (i.e. less than linear increase). This takes into account the potentially higher spectral efficiency for larger payload size. “Per LO super-group paging rate” means the probability that a LP-WUS needs to be transmitted in an LO, calculated based on the per-PO paging rate and the number of POs per LO. Resources for LP-WUS per PO is calculated as “Resources per LP-WUS” * “Per LO super-group paging rate” / “# of POs per LO”.
It can be observed that larger number of POs per LO results in larger overhead. This is due to the fact that one LP-WUS would use more resources, and the probability of transmitting LP-WUS per LO also increases, even though the overall number of LOs decrease. The net effect is still more overhead. As mentioned earlier, resources per LP-WUS is purely assumption as this will depend on the signal design and link level simulation results. These numbers are chosen simply to illustrate the intuition behind it, but the trend should be the same if different assumptions are used. Due to this reason, we do not see the benefit of having one LO associated with multiple POs.
Table 1 LP-WUS overhead comparison for different number of POs per LO
	# of POs per LO
	1
	2
	3
	4

	Resources per LP-WUS
	1
	1.5
	2
	2.5

	Per LO super-group paging rate
	10%
	19%
	27%
	34%

	Resources for LP-WUS per PO
	0.10
	0.14
	0.18
	0.21



For Option 3, we see two main motivations: (1) to support a larger number of subgroups in LP-WUS for a PO; (2) to support different wake-up delay from UEs.
· Larger number of subgroups is beneficial for UE power saving, but it comes with larger overhead. Whether we need Option 3 for this purpose also depends on the maximum number of subgroups to support and the maximum LP-WUS payload size. This is further discussed in Section 2.3.
· On the other hand, we see the need to support different wake-up delay from different UEs, as explained in Section 2.1. In this case, different UEs may need to map to different LOs. For example, UEs with a wake-up delay of 20 ms should monitor a LO different from a UE with a wake-up delay of 800 ms.
We slightly modify Option 3 to Option 3a to also include the case of one-to-one mapping (which is considered as a baseline configuration that should be supported).
Proposal 5: For the mapping between LO and PO, support the following option:
· Option 3a: One or multiple LOs is associated with one PO
· Note: each UE monitors one LO

Support of multi-beam operation

For multi-beam operation, the following was agreed in RAN1#116bis:
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

For Option 2 (K >= 1), we do not see the need to support LP-WUS repetition in the same beam, as the benefit of repetition can be better achieved using a long LP-WUS duration. We think the potential benefit of supporting K > 1 are the following:
· To provide scheduling flexibility for gNB
· Currently for paging DCI and PEI, K > 1 is supported only for shared spectrum, where LBT may fail and prevent the transmission. For LP-WUS, it is not immediately clear that the configuration of multiple occasions is necessary for such purpose either.
· To allow the transmission of multiple different LP-WUS in the same beam
· The main use case in our view is when LP-WUS carries subgroup ID or codepoint, and multiple occasions can be used to transmit LP-WUS with multiple subgroup IDs or codepoints. Otherwise, if a bitmap is used carry wake-up indication, with one bit corresponding to one subgroup, such mechanism is not necessary. Therefore, whether such a scheme is needed is related to how wake-up indication is carried in LP-WUS.
Observation 2: Where to support K>1 for LO partly depends on whether subgroup ID/codepoint is carried in LP-WUS.

In terms of how to define the LP-WUS MOs in an LO, one straightforward way is to use a mechanism similar to the existing paging/PEI monitoring and define the exact LP-WUS monitoring occasion for each beam, as shown in Figure 1.
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Figure 3 Option 1: one LP-WUS monitoring occasion defined for each beam
Alternatively, we can define a time window that cover all the beams. The UE monitors LP-WUS within this time window. The gNB has the scheduling flexibility in terms of when to transmit WUS in each beam, as long as it is within the configured time window. However, significant longer monitoring time would be needed to provide meaningful flexibility, and the effect becomes quite similar to supporting K>1.
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Figure 4 Option 2: a time window defined for all the beams
Option 1 has the advantage that the DL beam is known to the UE for each MO. This may allow some optimization in UE implementation. E.g. if the UE knows one or more strong beams from LP-SS measurement, it may choose to only monitor LP-WUS from these few beams. In addition, if there is direct mapping between LP-WUS beams and SSB beams, LR measurements can be potentially used to reduce the number of beams for MR measurement also. In this sense, we think Option 1 is more preferable.

Proposal 6: For multi-beam support of LP-WUS monitoring, the LP WUS MO(s) for each beam is individually defined, instead of a time window defined for all the beams.

LP-WUS subgrouping
For the number of subgroups supported, we think it is important to provide the flexibility to support a large number of subgroups per PO, in order to be able to achieve more UE power saving gain. There is no need to use 8 subgroups from PEI as the upper limit. The reason for choosing 8 for PEI was that there was only marginal power saving gain if more than 8 subgroups are supported. But this is not the case for LP-WUS. Therefore, we propose to support more than 8 subgroups. 
From UE power saving perspective, what matters is the subgroup paging rate, which determines how often the MR needs to wake up due to LP-WUS. There is no need to target for extremely low subgroup paging rate, if the FAR is assumed to be ~1%. A reasonable target can be in the range of 1%~3% based on the UE power saving evaluation in the SI. Figure 4 plots the number of subgroups needed to reach the target subgroup paging rate for different group paging rate. If we assume the maximum group paging rate that we target to support is 80%, 53 subgroups and 160 subgroups are needed to reach the target subgroup paging rate of 3% and 1%, respectively. We need to consider some typical high paging load scenarios in practical deployment to determine the maximum number of subgroups to support.
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Figure 5 Number of subgroups needed to reach the target subgroup paging rate
Overhead needs to be considered as well when determining the maximum number of subgroups. It can be further discussed how to support large number of subgroups per PO, whether to simply support large payload size in one LP-WUS, or to have multiple LOs associated with one PO, or both.
Proposal 7: Support more than 8 subgroups per PO. FFS the exact number of subgroups.
Observation 3: The maximum number of subgroup per PO to support can be derived based on the group paging rate that is envisioned for typical high paging load scenario and the target subgroup paging rate.
For the subgroup ID used by LP-WUS, we have agreed that how to map a UE to a subgroup ID is left to RAN2. But one issue that is better to be discussed in RAN1 is whether we should support a subgroup ID for LP-WUS that is different or independent from the subgroup ID for PEI, because this is related to UE power saving. We think there can be some power saving (which may be limited), but with almost no or very limited additional specification effort. It can be achieved by minor modification in the formula for UE ID based subgroup ID, e.g., by using a different part of 5G-S-TMSI. Therefore, it can be further considered.
Proposal 8: Consider the support of independent subgroup ID for LP-WUS and PEI.
Entry/exit conditions for LP-WUS monitoring and RRM measurement offloading/relaxation
The following was agreed in RAN1#116bis:
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
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.

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.

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

For LP-RSRQ, there are 3 options for the definition of LP-RSSI, our preference is Option 2, as LP-RSRQ with such a definition closely represents the SINR, which can be translated into LP-WUS detection performance.
Proposal 9: Adopt Option 2 for the definition of LP-RSSI for determination of LP-RSRQ, i.e., LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbol.
The following proposal was discussed in RAN1#116bis which tried to clarify the expected UE behaviors after starting LP-WUS monitoring and was partially to facilitate the discussion on entry/exit conditions for LP-WUS monitoring.
Proposal 4-3r1: 
When the UE monitors the legacy PO (and may monitor PEI) and stops LP-WUS monitoring,
· UE follows legacy procedures for serving cell and neighbor cell RRM measurements using MR.
When the UE starts LP-WUS monitoring and stops the legacy paging monitoring,
· LR performs serving cell measurement.
· For serving cell measurement relaxation performed by MR and offloading of serving cell measurement from MR to LR,
· Option 1: MR does not perform serving cell measurement
· Option 2: MR performs serving cell measurement with relaxation
· Option 3: both Option 1 and Option 2 are supported. They may be subject to different conditions
· Neighbor cell measurement by MR is relaxed subject to conditions.
· FFS the exact conditions
In our opinion, this is a reasonable proposal. The rationale is that no UE power saving can be achieved if MR RRM measurement cannot be relaxed. This means that UE should enter LP-WUS monitoring only if some relaxation is possible for MR RRM measurement. If companies’ view is that exact entry/exit conditions should be discussed in RAN2 instead of RAN1, we can also send the key messages to RAN2 for them to take into account when defining entry/exit conditions.
Proposal 10: Send an LS to RAN2 including the following statement to facilitate the determination of entry/exit conditions for LP-WUS monitoring in RAN1: 
· “As shown in the UE power saving evaluation results in TR 38.869 Section 8.1.1.5, assuming MR enters ultra-deep sleep state, UE power saving gain can be achieved only if MR RRM measurements (including both serving cell and neighbor cell measurements) is significantly relaxed. This should be taken into consideration when defining the entry/exit conditions for LP-WUS monitoring.”

Conclusion
In this contribution, we have discussed PHY procedures for LP-WUS operation in idle/inactive mode, and have the following proposals and observations:
Observation 1: Supporting MR waking up from deep sleep state has much less stringent requirement on MR RRM measurement offloading/relaxation to achieve UE power saving, and has much shorter wake-up delay compared to ultra-deep sleep state.
Proposal 1: MR waking up from deep sleep state, in addition to ultra-deep sleep state, is supported, via supporting smaller value(s) for the offset between LP-WUS monitoring and PO.
Proposal 2: UE reports one value for the supported minimum wake-up delay.
· FFS the value set
· FFS whether a UE can report multiple values (corresponding to different sleep states)
Proposal 3: Do not support dynamic PO.
Proposal 4: For iDRX mode, the periodicity of LO is the same as the iDRX cycle.
Proposal 5: For the mapping between LO and PO, support the following option:
· Option 3a: One or multiple LOs is associated with one PO
· Note: each UE monitors one LO
Observation 2: Where to support K>1 for LO partly depends on whether subgroup ID/codepoint is carried in LP-WUS.
Proposal 6: For multi-beam support of LP-WUS monitoring, the LP WUS MO(s) for each beam is individually defined, instead of a time window defined for all the beams.
Proposal 7: Support more than 8 subgroups per PO. FFS the exact number of subgroups.
Observation 3: The maximum number of subgroup per PO to support can be derived based on the group paging rate that is envisioned for typical high paging load scenario and the target subgroup paging rate.
Proposal 8: Consider the support of independent subgroup ID for LP-WUS and PEI.
Proposal 9: Adopt Option 2 for the definition of LP-RSSI for determination of LP-RSRQ, i.e., LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbol.
Proposal 10: Send an LS to RAN2 including the following statement to facilitate the determination of entry/exit conditions for LP-WUS monitoring in RAN1: 
· “As shown in the UE power saving evaluation results in TR 38.869 Section 8.1.1.5, assuming MR enters ultra-deep sleep state, UE power saving gain can be achieved only if MR RRM measurements (including both serving cell and neighbor cell measurements) is significantly relaxed. This should be taken into consideration when defining the entry/exit conditions for LP-WUS monitoring.”
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Appendix
RAN1#116 agreements
Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode

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 monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that 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.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· FFS eDRX, if supported

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.

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

Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.

RAN1#116bis agreements
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.
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