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Introduction 
[bookmark: _Ref79075308][bookmark: OLE_LINK21]In RAN1#116 meeting [1][2], the following agreements related to LP-WUS operation in IDLE/INACTIVE modes are achieved:

	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.
1. 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.
0. Different LP-WUS MOs may correspond to different beams in multi-beam operation
0. It is not precluded that FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
0. FFS details
1. It is at least supported that a UE monitors LOs with a configured periodicity.
1. Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
2. FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
2. 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)
1. 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.

[bookmark: OLE_LINK13]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.




In this contribution, we will investigate the following idle-mode operations:
· [bookmark: OLE_LINK12]UE Behavior After Receiving LP-WUS
· Entry/exit condition for LP-WUS monitoring
· [bookmark: OLE_LINK15]LP-WUS Payload Size and Content


[bookmark: OLE_LINK7]UE Behavior After Receiving LP-WUS
In RAN1#116, the following agreement include FFS for dynamic PO:

	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



The challenge of supporting dynamic PO stems from the network's inability to ascertain the link quality of a UE in idle mode, as it does not transmit measurement reports. This uncertainty in turn requires the network to send paging messages to both legacy and dynamic POs, thereby duplicating the resource for paging data.

It is therefore suggested not to support dynamic PO after a LP-WUS wake-up, in accordance with the proposal. This approach simplifies the design of monitoring occasions for paging indications based on LP-WUS and increases the likelihood that the network's paging attempts will successfully reach the UE without necessitating redundant paging attempts to both legacy and dynamic POs.

[bookmark: _Ref163170903]Observation 1: LP-WUS monitoring should be conditioned on UE’s link quality (e.g. >= 0 dB), while network cannot ascertain the link quality of a UE in idle mode, as it does not transmit measurement reports. This uncertainty in turn requires the network to send paging messages to both legacy and dynamic POs.
[bookmark: _Ref163171035][bookmark: _Ref163171060]
Proposal 1: Dynamic PO is not supported for Rel-19 LP-WUS.

To achieve significant power savings in 5G devices, it is crucial to allow the main receiver to enter an ultra-deep (UDS) sleep state. This state minimizes energy consumption when the device is not actively communicating with the network.

[bookmark: _Ref163170937]Observation 2: For LP-WUR to achieve significant UE power saving, allowing main receiver (MR) to enter ultra-deep sleep (UDS) is essential.

The ramp-up time from UDS is a critical factor in the responsiveness of the device. Depending on the complexity of the MR and the depth of the UDS, this time can vary. For example, ramp-up time of 400 ms and 800 ms are captured in TR 38.869 [3], as quoted in Table 1. More sophisticated devices, such as smartphones, may require longer ramp-up times due to their complex hardware and software systems. 

To accommodate these variations in ramp-up times, the LP-WUS design for Rel-19 should support at least 400 ms and 800 ms ramp-up times. This ensures that devices with different levels of complexity and power-saving requirements can benefit from the LP-WUS design.

[bookmark: _Ref163170947]Observation 3: According to TR 38.869, ramp-up time for UDS includes 400 ms and 800 ms, depending on the complexity and UDS implementation of MR. A longer ramp-up time is possible for more complex MR (e.g., smartphone with application processor) or lower UDS power level.   

[bookmark: _Ref163171086]Proposal 2: Ramp-up time of 800 ms for MR are supported for Rel-19 LP-WUS.

[bookmark: _Ref163167410][bookmark: _Ref163171425]Table 1: Power model for Main Radio (quoted from Section 6.3.1 of TR 38.869 [3])
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	Time for sync/re-sync

	Ultra-deep sleep
	0.015
	For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
[bookmark: OLE_LINK16]-	Alt 1: (15000, 400ms) as baseline
[bookmark: OLE_LINK17]-	Alt 2: (40000, 800ms)
Company to report which alternative they use for which use cases.
	For MR, at least for FR1 evaluation,
-	Number of SSBs for sync/re-sync for MR is up to 10
-	Companies to report timeline and energy consumption






Entry/Exit Condition for LP-WUS Monitoring
LP-SS is expected to be more robust than LP-WUS as it carries less information and can be designed to be more resilient to poor signal conditions. This robustness allows LP-WUR to continue measuring the serving cell based on LP-SS even when LP-WUS cannot be reliably detected.

[bookmark: _Ref163170974]Observation 4: LP-SS carriers less information than LP-WUS and is expected to be more robust. LP-WUR can still measure serving cell based on LP-SS even when it cannot reliably detect LP-WUS.

The entry and exit conditions for LP-WUS monitoring should, therefore, be based on the outcome of the serving cell measurements performed by LP-WUR. This also ensures the entry/exit decision is based on the cell quality seen by LP-WUR, thus best adapting LP-WUR operation and optimizing the offloading benefits. 

[bookmark: _Ref163170996]Observation 5: Entry/exit condition for LP-WUS monitoring can be based on the outcome of serving cell measurement by LP-WUR.
[bookmark: _Ref163171157]
Proposal 3: Entry/exit condition for LP-WUS monitoring is based on the outcome of serving cell measurement by LP-WUR.

Furthermore, the entry and exit conditions for LP-WUS monitoring and serving cell measurements by LP-WUR can be designed within a common framework. This framework would use different threshold parameters for entry and exit, allowing for a consistent and efficient approach to LP-WUR management

[bookmark: _Ref163171003]Observation 6: Entry/exit condition for LP-WUS monitoring and serving cell measurement by LP-WUR can apply a common framework design with different threshold parameters for entry/exit.


LP-WUS Payload Size and Content

According to Table 1, the energy overhead for MR to wake up from UDS is very large (15000 – 40000 vs. PDCCH monitoring of 1 ms is 100), which motivates increasing number of subgroups for lower paging false alarm rate. On the other hand, due to the inferior performance of LP-WUR, number of information bits that can be carried by LP-WUS should be limited (e.g., 4 bits already requires 12 OFDM symbols for OOK LP-WUS) [4].

One possible proposal is to utilize 4 information bits carried by LP-WUS to map 15 subgroups to 15 code-points, with 1 code-point reserved for waking up all subgroups, as inspired by a similar design in NB-IoT WUS. This approach addresses the need for supporting a larger number of subgroups while considering the limitations of LP-WUR's information-carrying capacity. Accordingly, we have the following proposal:

[bookmark: _Ref163171179]Proposal 4: Code-point based mapping is supported for achieving larger subgroup number based on less number of physical-layer information bits than Rel-17.
· [bookmark: OLE_LINK18]Note: the following is one example of code-point based mapping 

	0000
	Wake up 1st subgroups

	0001
	Wake up 2nd subgroups

	…
	…

	1110
	Wake up 15th subgroups

	1111
	Wake up all subgroups






Summary
In this contribution, LP-WUS operation in IDLE/INACTIVE modes is investigated. In particular, the following observations and proposals are provided:

Observation 1: LP-WUS monitoring should be conditioned on UE’s link quality (e.g. >= 0 dB), while network cannot ascertain the link quality of a UE in idle mode, as it does not transmit measurement reports. This uncertainty in turn requires the network to send paging messages to both legacy and dynamic POs.

Proposal 1: Dynamic PO is not supported for Rel-19 LP-WUS.


Observation 2: For LP-WUR to achieve significant UE power saving, allowing main receiver (MR) to enter ultra-deep sleep (UDS) is essential.

Observation 3: According to TR 38.869, ramp-up time for UDS includes 400 ms and 800 ms, depending on the complexity and UDS implementation of MR. A longer ramp-up time is possible for more complex MR (e.g., smartphone with application processor) or lower UDS power level.

Proposal 2: Ramp-up time of 800 ms for MR are supported for Rel-19 LP-WUS.

Table 1: Power model for Main Radio (quoted from Section 6.3.1 of TR 38.869 [3])
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	Time for sync/re-sync

	Ultra-deep sleep
	0.015
	For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
-	Alt 1: (15000, 400ms) as baseline
-	Alt 2: (40000, 800ms)
Company to report which alternative they use for which use cases.
	For MR, at least for FR1 evaluation,
-	Number of SSBs for sync/re-sync for MR is up to 10
-	Companies to report timeline and energy consumption




Observation 4: LP-SS carriers less information than LP-WUS and is expected to be more robust. LP-WUR can still measure serving cell based on LP-SS even when it cannot reliably detect LP-WUS.

Observation 5: Entry/exit condition for LP-WUS monitoring can be based on the outcome of serving cell measurement by LP-WUR.

Proposal 3: Entry/exit condition for LP-WUS monitoring is based on the outcome of serving cell measurement by LP-WUR.

Observation 6: Entry/exit condition for LP-WUS monitoring and serving cell measurement by LP-WUR can apply a common framework design with different threshold parameters for entry/exit.


Proposal 4: Code-point based mapping is supported for achieving larger subgroup number based on less number of physical-layer information bits than Rel-17.
1. Note: the following is one example of code-point based mapping 

	0000
	Wake up 1st subgroups

	0001
	Wake up 2nd subgroups

	…
	…

	1110
	Wake up 15th subgroups

	1111
	Wake up all subgroups
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