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1. Introduction 
At the TSG RAN Meeting #102, new WID on Rel-19 LP-WUS/WUR was agreed [1]. The work item includes objectives related to signal design and L1 procedure in IDLE/INACTIVE/CONNECTED modes as follows:
	· 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




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


2. Discussion 
2.1. LP-WUS monitoring
As the procedure and configuration for LP-WUS monitoring, which are stated in WID, LP-WUS monitoring schemes (e.g., duty-cycled monitoring) and LP-WUS transmission occasion need to be determined. We discuss our observations and proposals related to them in this clause.
Duty-cycled monitoring vs. continuous monitoring
Figures 1 to 3 illustrate some example timelines for LP-WUS monitoring in IDLE/INACTIVE modes. Given the assumption of UE sub-grouping for wake-up indication, each UE must determine whether it is really paged, by receiving a paging message in the subsequent Paging Occasion (PO). If the UE follows the legacy paging procedure upon detecting a LP-WUS, it must still wait for the subsequent PO after correctly receiving the LP-WUS. Therefore, configuring multiple LP-WUS monitoring occasions (LMOs) before the PO does not improve latency performance, defined as the time difference between the NW arrival of a paging message and the completion of its UE detection. Thus, supporting a 1-to-1 association between LMO and PO, as depicted in Figure 1, is sufficient for the legacy paging procedure. 
On the other hand, if additional paging occasions can be configured immediately after the LMO, latency performance may be improved, although UE power-saving gains may decrease due to dense LP-WUS monitoring. In such a scenario, a new paging procedure may be necessary for the main radio unit (MR). In this case, employing multiple LMOs to provide dense LP-WUS monitoring may be beneficial for reducing latency (i.e., N-to-1 association as shown in Figure 2). 
When assuming a 1-to-1 association between LMO and PO, resource allocation for LP-WUS monitoring may be based on time/frequency offset related to PO. However, in the case of N-to-1 association, careful consideration would be necessary for large N value and duty-cycled ratio, taking into account the degradation of UE power consumption. 
Regarding latency reduction through dense LP-WUS monitoring, continuous monitoring and duty-cycled monitoring with large N value may bring similar benefits. However, TR38.869 [2] says that continuous monitoring provides higher power-saving gains than duty-cycled monitoring only when UE power consumption of the ON-state LP-WUR is no longer than 1 unit. If we can verify such clear use case that assumes ultra-low complexity LP-WUR, we are open to discuss the support for continuous monitoring as an additional monitoring scheme. On the other hand, since LP-WUR aims for ultra-low power consumption while maintaining lower latency than existing DRX operations, we prefer to support a simple enough solution, such as duty-cycled monitoring with a 1-to-1 association between LMO and PO. 
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Figure 1.　Example timeline of duty-cycled monitoring (a 1-to-1 association between LMO and PO)
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Figure 2.　Example timeline of duty-cycled monitoring (N-to-1 associations between LMO and PO)
Proposal 1:
· Further study the details of duty-cycled monitoring scheme with the following aspects: 
· Association between LP-WUS monitoring occasion(s) and PO(s).
· Resource allocation for LP-WUS monitoring occasions, e.g., time/frequency offset related to PO.

LP-WUS monitoring resource
From the gNB's perspective, we need more discussion on the resource configuration for LP-WUS transmission. Assuming duty-cycled monitoring, it would be straightforward to allocate LP-WUS transmission occasions discretely according to the LMO cycle. However, when considering continuous monitoring, two possible approaches for LP-WUS transmission can be considered:
· Alt.1: LP-WUS could be transmitted at any time within LP-WUS bandwidth.
· Alt.2: LP-WUS could be transmitted only within preconfigured time/frequency resources with a certain periodicity (e.g., the same periodicity as the LMO cycle)
In Alt.1, potential NW overhead could arise as an issue. If LP-WUS transmissions and other NR signals can share the same time/frequency resources flexibly, NW overhead can be mitigated, although it may need to introduce flexible resource sharing operation between LP-WUS and other NR signals. Alt.1 would offer the benefit of extreme latency reduction but requires continuous LP-WUS monitoring to receive flexible time occasions of LP-WUS transmission. If LP-WUS is considered as the replacement of PEI and/or is combined with PEI, Alt.2 may be more straightforward, as periodic LP-WUS transmission/monitoring for each PO is sufficient. For supporting LP-WUS in IDLE/INACTIVE mode, we consider that UE power saving should be prioritized over other KPIs. Therefore, we prefer to support Alt.2.

Proposal 2:
· Further study LP-WUS monitoring resource configuration, considering coexistence with other NR signals. 
· Details such as periodicity, time offset, and frequency position for LP-WUS transmission should be studied further.

[image: ]
Figure 3.　Example timeline of continuous monitoring


2.2. Payload of LP-WUS
As mentioned in our companion contribution [3], for considering LP-WUS design, payload of LP-WUS which needs for each RRC state should be determined firstly. In this section, we consider the payload of LP-WUS required in IDLE/INACTIVE modes.
In TR38.869, the candidates of LP-WUS contents for IDLE/INACTIVE mode were summarized as below.
	For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
-	information on which user(s) is/are targeted by the LP-WUS
-	e.g. UE-group, -subgroup or -ID
-	FFS: cell information 
-	FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information



During the SI phase, various candidates for LP-WUS contents such as cell information, SI change, ETWS/CMAS information, tracking area information, and RAN area information were discussed. However, due to the simple design of LP-WUS and the low-complexity LP-WUR architecture, only essential information, such as wake-up indication, should be conveyed by LP-WUS.
Emergency information, like ETWS/CMAS, is crucial for specific types of devices, such as regular NR devices like smartphones. For example, even if LP-WUS does not include this emergency information, the UE can still receive them during the monitoring of paging messages. However, one possible concern is the latency introduced by the LP-WUS procedure. The overall LP-WUS procedures, including the periodicity of LP-WUS and its impact on latency performance, are not still clear. Hence, we consider that the contents of LP-WUS, from the perspective of identifying which information is genuinely essential, should be carefully considered.
Proposal 3:
· For LP-WUS payload,
· At least, MR wake-up indication is necessary.
· The details of wake-up indication scheme should be further studied, e.g., bitmap indication.
· FFS whether to include SI change, ETWS/CMAS information, tracking area information, RAN area information.


2.3. Entry/exit condition for LP-WUS monitoring
Since Ultra-deep sleep state is assumed for a brand-new type of receiver architecture, extensive discussion is needed on the transition mechanisms into and from the Ultra-deep sleep state during the WI phase. In TR38.869, the entry and exit conditions for the use of LP-WUS monitoring are described as follows.
	For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
-	Alt 1a: 
-	gNB transmits legacy paging indication and LP-WUS
-	UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
-	This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
-	Alt 1b: 
-	gNB transmits legacy paging indication and LP-WUS
-	UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
-	This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
-	Alt 2: 
-	activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
-	Paging misdetection performance shall not be impacted.



In Alt.1, gNB assumes that the UE enters into or exits from the Ultra-deep sleep (UDS) state based on triggering by LP-WUS reception, followed by the legacy paging procedure. For instance, the UE can determine whether paging procedures are based on LP-WUS reception only when the channel condition is sufficient or not. These condition-based entry/exit mechanisms can be based on preconfigured criteria and/or the UE's implementation. Another example is introducing a new timer to trigger LP-WUS entry/exit. If there is no data traffic for a certain duration and the entry/exit timer expires, a UE can transition into the UDS state. This timer-based mechanism can also be based on preconfigured conditions or the UE's implementation.
The main difference between Alt.1a and Alt.1b may lie in the transparent UE behaviour towards the gNB. Since LP-WUS/WUR aims to support various types of devices like smartphones, wearables, IoT devices, etc., multiple receiver architectures need to be assumed. Considering flexible operation of entry/exit decisions may increase hardware complexity, Alt.1b may be preferable choice. However, if a common UE behaviour needs to be defined for specifying performance requirements such as RRM measurement requirements, Alt.1a would be more suitable.
From the gNB's perspective, it can provide signalling to trigger transitions from and into the UDS state. Though clear motivation has not yet been identified, for example, if there is a need to update LP-WUS configuration, system information and/or dedicated RRC signalling can be used to notify the reconfiguration of LP-WUS, enabling the MR to wake up and receive the updated LP-WUS configuration information.
Proposal 4:
· Further study on transition mechanisms from and into the Ultra-deep sleep state, considering condition-based schemes and/or signalling-based schemes, which may or may not be dependent on UE implementation.


2.4. Synchronization and RRM measurement
The description of WID related to synchronization and RRM measurements in IDLE/INACTIVE mode are as follows.
	· 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)




In RAN1 perspective, LP-SS design, the periodicity of LP-SS and the procedure for synchronization and RRM measurement are included. Among the above, LP-SS design should be included in 9.6.1. So we discuss the periodicity of LP-SS and the procedure for synchronization and RRM measurement by LP-WUR in this section.
The LP-SS periodicity should be determined based on at least the cycles of synchronization and serving cell measurements of LP-WUR. LP-WUR need to do synchronization before receiving LP-WUS, so the periodicity of LP-SS is determined based on the periodicity of LP-WUS. As described in 2.1.1, periodicity of LP-WUS should be determined based on the ratio to I-DRX cycle (1.28s in TR 38.869). Regarding the cycle of serving cell measurements, in TS 38.133, serving cell measurements must be performed every or every second I-DRX cycle in FR1. The periodicity of serving cell measurement by LP-WUR may be smaller than that by MR because of the lower accuracy, so the cycle of serving cell measurements of LP-WUR may be performed every or every second I-DRX cycle or shorter than every I-DRX cycle. Considering the cycles of synchronization and serving cell measurements of LP-WUR, the periodicity of LP-SS should be shorter than I-DRX cycles (1.28s in TR 38.369) such as 320ms (start point at WID). Whether to make it longer or shorter depends on the cycle of LP-WUS transmission and the cycle of serving cell measurement by LP-WUR and the effects to network overhead.
As stated in WID, the candidates of signals for synchronization and RRM measurement by LP-WUR are LP-SS and existing NR-PSS/SSS.  When using LP-SS and LP-WUS, it is necessary to determine metrics for RRM measurement by LP-WUR. In SI phase, LP-RSSI, LP-RSRP, LP-SINR and LP-RSRQ are considered. When using SSB, it is necessary to discuss the specification impacts due to LP-WUR using SSB. In addition to them, in SI phase, LP-WUS can be the reference signal. So, we should discuss the possibility of LP-WUS including preamble.
Observation 1: Offloading RRM measurement of serving cell from MR to LP-WUR.
· Based on existing NR-PSS/SSS.
· Necessary to discuss specification impact.
· Based on LP-SS
· Rel-18 SI identified the following metrics for RRM measurements by LP-WUR.
· i.e., LP-RSSI, LP-RSRP, LP-SINR, and LP-RSRQ.
Proposal 5:
· The periodicity of LP-SS should be shorter than I-DRX cycles (1.28s in TR 38.369) such as 320ms (start point at WID). Whether to make it longer or shorter depends on the cycle of LP-WUS transmission and the cycle of serving cell measurement by LP-WUR and considering impact to network overhead.
Proposal 6:
·  Further study the possibility of LP-WUS including preamble.


3. Conclusion
In this contribution, we discussed LP-WUS operation in IDLE/INACTIVE modes. Based on the discussion, the following proposals were made:
Observation 1:
· Offloading RRM measurement of serving cell from MR to LP-WUR.
· Based on existing NR-PSS/SSS.
· Necessary to discuss specification impact.
· Based on LP-SS
· Rel-18 SI identified the following metrics for RRM measurements by LP-WUR.
· i.e., LP-RSSI, LP-RSRP, LP-SINR, and LP-RSRQ.
Proposal 1:
· Further study the details of duty-cycled monitoring scheme with the following aspects: 
· Association between LP-WUS monitoring occasion(s) and PO(s).
· Resource allocation for LP-WUS monitoring occasions, e.g., time/frequency offset related to PO.
Proposal 2:
· Further study LP-WUS monitoring resource configuration, considering coexistence with other NR signals. 
· Details such as periodicity, time offset, and frequency position for LP-WUS transmission should be studied further.
Proposal 3:
· For LP-WUS payload,
· At least, MR wake-up indication is necessary.
· The details of wake-up indication scheme should be further studied, e.g., bitmap indication.
· FFS whether to include SI change, ETWS/CMAS information, tracking area information, RAN area information.
Proposal 4:
· Further study on transition mechanisms from and into the Ultra-deep sleep state, considering condition-based schemes and/or signalling-based schemes, which may or may not be dependent on UE implementation.
Proposal 5:
· The periodicity of LP-SS should be shorter than I-DRX cycles (1.28s in TR 38.369) such as 320ms (start point at WID). Whether to make it longer or shorter depends on the cycle of LP-WUS transmission and the cycle of serving cell measurement by LP-WUR and considering impact to network overhead.
Proposal 6:
·  Further study the possibility of LP-WUS including preamble.
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