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Introduction
In RAN1 #116-bis meeting, the agreement listed in the appendix were achieved for LP-WUS operation in IDLE/INACTIVE mode [1].
In this contribution, we share our views on LP-WUS operation in IDLE/INACTIVE mode.
Discussion

On LO design
Below agreements was made in previous meeting regarding LO design.
	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


There are multiple ways of the realization of the repetition including the order of the bit sequence and how quickly repeated. Although we see the need to study the repetition, it is not the phase to decide that the design of the repetition is realized on multiple MOs within a LO. Therefore, we do not see the merit to use K>1. For paging MOs, more than one MOs for a beam was introduced for unlicensed spectrum. But in the context of LP-WUS design, we do not see such need.
One may argue that different MOs within a LO can be associated to different UE group/subground. However, a more flexible design would be that UE group/subgroup is associated with different LOs, which allows better flexibility by LO configuration.
Given above,
Proposal 1: Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K=1 is the number of LP-WUS MOs for each beam. If repetition is supported, it should be within a MO.

On RRM measurement quantities definition
Below agreement was achieved for RRM serving cell measurement performed by OOK-based receiver.
	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.


For LP-RSRP, on the FFS bullet of how to determine the received power of LP-SS in OOK ON symbols, the intention is that received power of LP-SS needs additional filtering or processing from the total received power of LP-SS ON symbols. In our view, below approaches are possible.
· One possible approach is to leave to implementation and RAN4 would define the corresponding requirement on the measurement accuracy.
· Another approach is to define the detailed methodology in RAN1, which however may differ for different receiver types.
· In this discussion context, as OOK-based receiver is assumed, processing like (total received power in LP-SS OOK ON symbols) – (total received power in LP-SS OOK OFF symbols) is possible to obtain the received power of LP-SS in ON symbols.
· For OFDM-based receiver, although out of this discussion context, processing can be more variant. Either operation like above or directly using correlation operation in the LP-SS ON symbols is possible. And similar with LTE/NR, “how to determine” does not need to be specified but just requirement is defined.
Considering above, on LP-RSRP, for OOK-based receiver, we propose that RAN1 does not specify the methodology of how to determine the received power of LP-SS in OOK ON symbols, but to let RAN4 to define the requirement. Whether same or different requirement is defined for OOK-based and OFDM-based receiver is also up to RAN4.
Proposal 2: For LP-RSRP measurement by OOK-based receiver, RAN1 does not need to specify the methodology of how to determine the received power of LP-SS in OOK ON symbols. RAN4 may define the requirement.

For LP-RSRQ, three options are identified. The principle of LP-RSRQ should be to emulate SINR with simpler receiver implementation and consider the trade-off between complexity/power consumption and accuracy.
· Option 1 is the simplest operation, for both OOK-based and OFDM-based receiver. The accuracy of emulating SINR and comparability with legacy SS-RSRQ and CSI-RSRQ is also acceptable to us, as legacy SS-RSSI and CSI-RSSI may also use some REs besides the SS and CSI-RS to observe the interference and noise.
· Option 2 is the most accurate option to observe the interference. But the principle is different from legacy RRM measurement, and it is rather like L1 interference measurement using ZP CSI-RS resource. One drawback is that additional step is needed to filter out the ON symbols.
· Option 3 sums up all the signal+interference+noise. Similar with Option 2, it needs to filter out the OFF symbols.
Considering above, we prefer Option 1 in RAN1 specification for simplicity. The reference receiver implementation is up to RAN4.
Proposal 3: For LP-RSRQ measurement by OOK-based receiver, Option 1 is taken that LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.

On LR-based LP-WUS monitoring entry and exit conditions
In previous meeting, below working assumption was agreed.
	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.


Regarding the LR-based LP-WUS monitoring entry/exit conditions, it is still FFS that whether one or more other conditions should be considered.
When MR is active, we think to use MR-based measurement always as part of the conditions is more reliable than solely relying on the LR-based measurement. Moreover, due to LR-based measurement would be less accurate than MR-based measurement, the assistance of MR-based measurement (when available) would be beneficial to employ. As the performance of envelop detection is sensitive to the interference, LP-SS RSRQ also should be used. A brief illustration is shown in Figure.1.
Therefore, our proposal to update the above working assumption is:
Proposal 4: UE starts LP-WUS monitoring, if one or more following conditions are met, depending on the configuration,
· the serving cell RSRP measurement performed by the MR is above an entry threshold
· the serving cell RSRP measurement gap between MR and LR based measurement is below a threshold
· the serving cell RSRP measurement performed by the LR is above an entry threshold
· the serving cell RSRQ measurement performed by the LR is above an entry threshold
UE falls back to legacy PO monitoring and may stop LP-WUS monitoring, if one or more following conditions are met, depending on the configuration,
· the serving cell RSRP measurement performed by the LR is below an exit threshold
· the serving cell RSRP measurement performed by the MR is below an exit threshold, assuming relaxed MR-based measurement
· The serving cell RSRP measurement gap between MR and LR based measurement is above a threshold, assuming relaxed MR-based measurement
· the serving cell RSRQ measurement performed by the LR is below an exit threshold
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Figure.1 Brief illustration of the entry/exit conditions for LR-based LP-WUS monitoring and RRM offloading to LR

On RRM offloading to LR
In the previous meeting, below proposal was discussed but not agree.
	[H] 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


The concern was that the LP-WUS monitoring behaviour and RRM offloading to LR is linked, which may lead to potential impairment to RRM performance. In our understanding, the intention of the proposal is to differentiate two cases:
· When UE monitors legacy PO using MR, no need to specify the UE behavior of LR based RRM, as MR is anyway active and no power saving gain to offload RRM to LR.
· When UE monitors LP-WUS using LR and stops legacy paging monitoring, which means LR is already on duty and MR may or may not be used in some conditions, to use LR for RRM to acquire power saving is possible with the condition that RRM performance should not be compromised.
Although we agree on the above logic of receiver operation to formulate the proposal, the literal linkage between LP-WUS and RRM offloading to LR can be avoided and no need to specify. The key is to specify the condition to use LR-based RRM for power saving but in the meanwhile RRM performance can be guaranteed. Our position is similar with the previous proposal that MR-based measurement with relaxation is necessary to employ to assist the condition judgement for RRM offloading to LR.

Proposal 5: LR performs serving cell measurement, if one or more following conditions are met, depending on the configuration,
· the serving cell RSRP measurement performed by the MR is above a threshold
· the serving cell RSRP measurement gap between MR and LR based measurement is below a threshold
· the serving cell RSRP measurement performed by the LR is above a threshold
· the serving cell RSRQ measurement performed by the LR is above an entry threshold
When LR performs serving cell measurement offloaded from NR, for serving cell measurement relaxation performed by MR, both Option 1 and Option 2 are supported, based on configuration and subject to conditions, e.g., the serving cell measurement performed by MR is above or below a threshold
· Option 1: MR does not perform serving cell measurement
· Option 2: MR performs serving cell measurement with relaxation

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K=1 is the number of LP-WUS MOs for each beam. If repetition is supported, it should be within a MO.
Proposal 2: For LP-RSRP measurement by OOK-based receiver, RAN1 does not need to specify the methodology of how to determine the received power of LP-SS in OOK ON symbols. RAN4 may define the requirement.
Proposal 3: For LP-RSRQ measurement by OOK-based receiver, Option 1 is taken that LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
Proposal 4: UE starts LP-WUS monitoring, if one or more following conditions are met, depending on the configuration,
· the serving cell RSRP measurement performed by the MR is above an entry threshold
· the serving cell RSRP measurement gap between MR and LR based measurement is below a threshold
· the serving cell RSRP measurement performed by the LR is above an entry threshold
· the serving cell RSRQ measurement performed by the LR is above an entry threshold
UE falls back to legacy PO monitoring and may stop LP-WUS monitoring, if one or more following conditions are met, depending on the configuration,
· the serving cell RSRP measurement performed by the LR is below an exit threshold
· the serving cell RSRP measurement performed by the MR is below an exit threshold, assuming relaxed MR-based measurement
· The serving cell RSRP measurement gap between MR and LR based measurement is above a threshold, assuming relaxed MR-based measurement
· the serving cell RSRQ measurement performed by the LR is below an exit threshold
Proposal 5: LR performs serving cell measurement, if one or more following conditions are met, depending on the configuration,
· the serving cell RSRP measurement performed by the MR is above a threshold
· the serving cell RSRP measurement gap between MR and LR based measurement is below a threshold
· the serving cell RSRP measurement performed by the LR is above a threshold
· the serving cell RSRQ measurement performed by the LR is above an entry threshold
When LR performs serving cell measurement offloaded from NR, for serving cell measurement relaxation performed by MR, both Option 1 and Option 2 are supported, based on configuration and subject to conditions, e.g., the serving cell measurement performed by MR is above or below a threshold
· Option 1: MR does not perform serving cell measurement
· Option 2: MR performs serving cell measurement with relaxation

Reference
[1] 3GPP RAN1# 116-bis meeting Chairman’s notes

Appendix
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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