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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#102, LP-WUS/WUR WI was introduced with the following objectives. In this contribution, we present our initial view on the RRM impact of LP-WUR operation, especially in RRC-IDLE and INACTIVE modes (relevant objectives highlighted below) from RAN4 perspective.
	· 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).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements


2. LP-WUR operation in RRC-IDLE and INACTIVE
LP-WUR operation in RRC-IDLE and INACTIVE allows the UE main receiver to be in an ultra-deep sleep mode while LP-WUR is monitoring for LP-WUS. LP-WUS is used to trigger paging monitoring of the UE main receiver when there is an actual need to page the UE. From UE behavior point of view, the UE main receiver will wake up to perform the paging monitoring only after the LP-WUS is detected/received by LP-WUR[2]. 
[image: ]
Figure 1. UE behavior upon detecting LP-WUS with wake-up indication in IDLE/INACTIVE
Compared to the legacy operation in Rel-15 where the main receiver needs to periodically wake up every DRX cycle to monitor for potential paging message in a typical sceanrio, LP-WUR allows the main receiver to stay in a low power sleep state for as long as possible and only wake up when needed. This can provide significant power saving gain. 
In Rel-17, paging early indicator (PEI) was introduced where the UE main receiver monitors for PEI before each paging occasion and only proceeds to monitor subsequent SSBs and paging message if the PEI is received. Compared to Rel-17 PEI, an LP-WUR operation essentially offloads the task of monitoring such paging early indication to LP-WUR, i.e., LP-WUR will monitor for LP-WUS instead of the UE main receiver. Since LP-WUR can operate with lower active power than that of the main receiver, it can provide overall power saving gain.
3. Entry/exit condition for LP-WUS monitoring in RRC-IDLE and INACTIVE
In legacy NR, UE will use the SSB to measure and evaluate the serving cell’s quality with the cell selection S criterion. If UE has evaluated that serving cell’s quality doesn’t fulfil the cell selection S criterion in N consecutive DRX cycles, UE will initiate all neighbour cells’ measurement.
When LP-WUS operation introduced, UE will use LP-WUS to monitor serving cell’s quality. The conditions to enter/exit the LP-WUS monitoring shall be defined, e.g. based on serving cell RSRP or/and RSRQ. Especially, considering this issue may be discussed in different WGs at the same time, it’s better to avoid duplicate discussion among the WGs. In our understanding, RAN4 can focus on defining the requirement based on measurement simulation evaluation. 
[bookmark: _Ref162279187]Proposal 1: RAN4 to discuss the conditions to enter/exit the LP-WUS evaluation of serving cell based on the RSRP/RSRQ simulation results.
4. RRM measurement
Based on RAN1’s discussion, different reference signals can be used for the RRM measurement depending on WUR type. For WUR capable of receiving existing SSS, existing SS-based measurement metrics can be reused. For WUR not capable of receiving existing SSS but new WUR is supported, new measurement metric(s) needs to be defined. In our understanding, several different options can be considered to evaluate the LP-WUS performance. 
Only LP-SS
In this scenario, UE only uses the LP-SS to monitor the serving cell quality by evlauting the serving cell suitability criterion (S-critera) while the main receiver (MR) can go to deep sleep and cease the RRM measurements. However, RAN4 also needs to discuss whether and when the neighbour cells measurement can be also ceased/relaxed/initiated. 
Only SSS
In this scenario, it’s assumed UE’s WUR can support existing SSS which can be used to fully replace the MR receiver for both serving cell and neighbour cell measurement. Similar to above discussions on LP-SS, RAN4 needs to discuss whether and when the measurement of MR can be also ceased/initiated. 
Hybrid LP-SS and legacy SSS
Another alternative is to use a hybrid solution using both LP-WUR and MR. In this scenario, UE performs periodic evaluations of the the serving cell using LP-WUR (either LP-SS based or SSS-based measurements) and relaxed SSS-based measurements using MR. Power saving can still be achieved since most of the periodic measurements can be carried out using the LP-WUR while the MR measurements are performed more sparsely. It is expected to further relax the RRM measurement requirement for UE MR due to WUR is introduced in this hybrid solution. RAN4 needs to discuss how and when the relaxation for UE MR requirement. 
[bookmark: _Ref162279190]Proposal 2: RAN4 to discuss the impact on the serving cell evaluation requirements when using the following signals: LP-SS, legacy SSS, hybrid LP-SS and SSS and identify corresponding requirements.
Proposal 3: RAN4 to discuss whether/when/how to relax the UE MR requirement.
[bookmark: _Ref162279194]Proposal 4: RAN4 to discuss whether/when/how to cease/relax/initiate neighbour cells’ measurement.
5. Simulation 
During the SI, for RRM serving cell measurement performed by LP-WUR based on LP-SS reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc).
	-	LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
-	FFS RSSI resource.
-	LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
-	FFS resource of reference signal(s) or signal(s) parts
-	LP-SINR = LP-RSRP/(power of interference and noise) 
-	FFS how to define "power of interference and noise"
-	LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
-	Accounting AGC accuracy, ADC of at least 4 bits is required.


RAN4 needs to discuss the measurement definition and agree the simulation assumption to evaluate these measurement metrics similar as legacy NR SSB measurement. Some initial simulation results for LP-SS based RSRP measurement are shown in Figure 2 below. RAN4 needs to discuss the simulation assumption firstly. For example, whether the interference cell needs to be modelled, and the interference is SSB or LP-SS or both in the simulation. After that, RAN4 can further check the detailed results based on the agreed simulation assumption.
[image: ]
Figure 2 Initial simulation results showing the RSRP measurement performance using LP-SS
[bookmark: _Ref146234487][bookmark: _Ref149815863][bookmark: _Ref161340977][bookmark: _Ref162279197]Proposal 5: RAN4 to agree the measurement definition for the following metrics: LP-RSRP, LP-RSRQ, and LP-RSSI.
[bookmark: _Ref162279200]Proposal 6: RAN4 to discuss the following simulation assumption to evaluate the LP-SS related measurement metrics.
· Whether interference cell is needed
· Which interference signals need to be modeled, SSB, LP-SS or both
· LP-SS periodicity
6. Accuracy
Furthermore, following was agreed in RAN1 regarding LP-SS design at last RAN1 meeting:
	Agreement
For LP-SS design from RAN1 perspective, consider at least the following as the design target:
· For RRM measurement performed by LP-WUR based on LP-SS, UE can satisfy measurement accuracy based on X LP-SS samples within a period which is comparable to Y=the length of I-DRX cycle that is larger or equal to 1.28s.
· FFS: X  
· Note: Y is chosen for evaluating LP-SS design. 
· Network overhead and network power consumption are to be considered


Firstly, it shall be noted that the measurement accuracy requirements do not apply in RRC IDLE and INACTIVE mode. Therefore the relation of above agreement to RRM is not clear. Nevertheless, the measurement accuracy requirements are typically defined in a generic way regardless of number of samples assumed for measurements in CONNECTED mode.  Therefore the aforementioned RAN1 agreements related to X and Y and their impact to RAN4 RRM needs to be discussed. 
Secondly, as stated above, the UE is required to evaluate the serving cell quality using the S-criteria and decide whether to initiate neighbour cell measurements. Such evaluations are done using RSRP/RSRQ measurements which are filtered using at least 2 measurements which are spaced by at least DRX/2 [3]. The periodcity of LP-SS is ongoing in RAN1 and a periodicity of 320 ms is used as the starting point in the WID.  Therefore the impact of RRM requirements due to LP-SS periodicity needs to be checked.  
[bookmark: _Ref163069572]Proposal 7: RAN4 to discuss the accuracy requirement based on the new LP-WUS measurement metric.
7. LP-WUR in RRC-CONNECTED mode
RAN4 shall focus on developing the RRM requirements for IDLE and INACTIVE mode during. Discussions on CONNECTED mode shall be postponed until any agreements are achived in other WGs regarding, and if so RAN4 can check the RRM requirements for those at later stage.
[bookmark: _Ref163069576] Proposal 8: CONNECTED mode requirements for LP-WUS is postoponed until more progress is achieved in other WGs. 
8. Summary
[bookmark: _Hlk23953093]In this contribution, we have initially discussed the LP-WUS operation. Based on the discussions, we have made following proposals and observations:
Proposal 1: RAN4 to discuss the conditions to enter/exit the LP-WUS evaluation of serving cell based on the RSRP/RSRQ simulation results.
Proposal 2: RAN4 to discuss the impact on the serving cell evaluation requirements when using the following signals: LP-SS, legacy SSS, hybrid LP-SS and SSS and identify corresponding requirements.
Proposal 3: RAN4 to discuss whether/when/how to relax the UE MR requirement.
Proposal 4: RAN4 to discuss whether/when/how to cease/relax/initiate neighbour cells’ measurement.
Proposal 5: RAN4 to agree the measurement definition for the following metrics: LP-RSRP, LP-RSRQ, and LP-RSSI.
Proposal 6: RAN4 to discuss the following simulation assumption to evaluate the LP-SS related measurement metrics.
· Whether interference cell is needed
· Which interference signals need to be modeled, SSB, LP-SS or both
· LP-SS periodicity
Proposal 7: RAN4 to discuss the accuracy requirement based on the new LP-WUS measurement metric.
Proposal 8: CONNECTED mode requirements for LP-WUS is postoponed until more progress is achieved in other WGs.
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