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1. Introduction
[bookmark: _Hlk67479244]In RAN#97, a study on low-power Wake-up Signal and Receiver for NR has been agreed in SID [1]. And the objective about LP-WUS is the following:
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


In this paper, based on the RAN1 progress, we will identify the topics which need RAN2 decision and the corresponding RAN2 impacts.
2. [bookmark: _Toc12718547]Discussion
[bookmark: OLE_LINK2][bookmark: _Toc129680108][bookmark: _Toc125633993][bookmark: _Toc129680109][bookmark: _Toc125633994][bookmark: _Toc125633995][bookmark: _Toc129680110]In RAN1, the discussion about LP-WUS is divided into three parts: Evaluation on low power WUS, Low power WUS receiver architectures and L1 signal design and procedure for low power WUS. 
For the part of Low power WUS receiver architectures, the design of the LP-WUS receiver has a relatively small impact on RAN2 specification. For the part of Evaluation on low power WUS, the performance metrics, such as ramp-up time, coverage, bring up some limitations on usage of LP-WUS, then RAN2 needs to identify the impacts. For the part of L1 signal design and procedure for low power WUS, both the design of content of LP-WUS and higher layer procedure have impacts on RAN2 specifications. 
In the following, we will further analysis the RAN2 impacts and propose the expected RAN2 topics.
2.1 Activation/Deactivation procedures of LP-WUS
In general, LP-WUS is beneficial for power-sensitive UE. In RAN1#112, an agreement about the use cases of LP-WUS has been reached as below:
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.


Based on this agreement, it can be deduced that LP-WUS could be utilized for IIoT UE, redcap UE, NR UE with XR traffic and so on. Hence, the device type or traffic type of UE could be a condition for activating or deactivating LP-WUS for a UE.
In addition, in RAN1#112, [2] makes a summary of evaluation on low power WUS. According to it, RAN1 is evaluating the performance metrics of LP-WUS, such as false-alarm rate (FAR), frequency error/drifting and so on. The false-alarm rate is about the false detection of LP-WUS due to presence of noise and/or interference, it could determine the supported coverage level of the LP-WUS. The frequency error/drifting is about the maximum allowable frequency error, it could determine the supported mobility state of the LP-WUS. Hence, it is possible the performance metrics could determine the condition for activating or deactivating LP-WUS for a UE.
Therefore, RAN2 needs to consider the condition for activating or deactivating LP-WUS for a UE.
Proposal 1: RAN2 needs to consider the conditions for activating or deactivating LP-WUS for a UE.
Moreover, if the channel environment for a UE may dynamically change, e.g., UE may move from cell center to cell edge, it may cause the condition for activating or deactivating LP-WUS no longer to be satisfied. Therefore, mechanism to activate and deactivate LP-WUS monitoring need to be discussed.
According to summary [3] in RAN1#112 meeting, LP-WUS monitoring activation and deactivation procedures is summarized as below:
	Low-FL3-Proposal-14: For IDLE/Inactive mode, study further the following LP-WUS monitoring activation and deactivation procedures
· Option 1: LP-WUS monitoring is activated/deactivated by gNB
· e.g. SIB or Dedicated RRC
· [FFS]Option 2: LP-WUS monitoring is activated/deactivated by UE.
· based on criteria or/and
· autonomously
· FFS need for informing gNB


For option1, gNB could configure LP-WUS or group LP-WUS for UE via SIB, or for a UE via RRC specific message, thus, RAN2 could discuss the way to activation and deactivation mechanism according to the usage scenario of LP-WUS (e.g., the common LP-WUS, group LP-WUS, UE specific LP-WUS). For option2, UE could active or deactivate LP-WUS based on its own channel environment and the condition of LP-WUS. But, in idle or inactive mode, gNB couldn’t obtain the information about the change of channel environment in UE, hence, gNB and UE couldn’t have a common understanding of the activation or deactivation LP-WUS in idle or inactive mode. In this way, gNB may continue to transmit LP-WUS to UE, but UE may already wake up and not detect LP-WUS. RAN2 could identity the potential problem and discuss the feasibility for option 2. In the conclusion, RAN2 could consider the activation and deactivation mechanism of LP-WUS.
Proposal 2: RAN2 needs to consider the mechanism for activating or deactivating LP-WUS for a UE.

2.2 RRM measurements
In IDLE/INACTIVE mode, UE could perform serving cell measurement and neighbor cell measurement. According to TS 38.133, UE shall wake up MR to measure SSB of serving cell measurement at least once every M1*N1 DRX cycle that is defined in 4.2.2. And if the condition of triggering neighbor cell measurement is satisfied according to TS 38.304, UE shall wake up MR to measure SSB of neighbor cell at least every Tmeasure,NR that is defined in 4.2.2. It can be seen that the serving cell and neighbor cell measurement contributes a lot to power consumption of UE in IDLE/INACTIVE mode. 
In RAN1, there is a common understanding that RRM measurements performed by MR would jeopardize power saving benefit from LP-WUS. Hence, in order to preserve power saving benefit from LP-WUS, a new serving cell measurement or neighbor cell measurement in IDLE/INACTIVE mode that requires lower power consumption is beneficial. Considering the low power of LP-WUS, RAN1 is discussing RRM measurements performed by LP-WUR instead of RRM measurements performed by SSB. And in RAN1#111 and 112 meeting, some agreements are reached as below:
	Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)
Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements


If UE performs the serving cell RRM measurements by LP-WUR, UE could avoid to turn on MR to measure SSB every DRX cycle. However, as in proposal 1, UE has to check whether it satisfies the condition of activating LP-WUS. If the condition of activating LP-WUS is based on SSB measurement results, UE may occasionally need to turn on MR to measure SSB in serving cell. Alternatively, if the condition for activating LP-WUR is based on LP-WUR measurement results, the UE may remain in ultra-deep sleep mode. As above, this could result in a difference in serving cell measurement compared to legacy measurements. From RAN2 perspective, RAN2 needs to consider its potential impacts.
Proposal 3: RAN2 needs to consider the impacts on serving cell measurement of RRM measurements performed by LP-WUR in IDLE/INACTIVE mode.
Moreover, RRM measurements performed by LP-WUR can only be performed if the condition for activating LP-WUS is satisfied. Hence, the condition for activating or deactivating LP-WUS also directly affects the condition of RRM measurements performed by LP-WUR. 
In addition, according to TS 38.304, if the condition of neighbor cell measurement, e.g. Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, is satisfied, UE starts the neighbor cell measurement performed by SSB. If the condition of the relaxed neighbor cell measurement, e.g. (SrxlevRef – Srxlev) < SSearchDeltaP, is satisfied, UE starts the relaxed neighbor cell measurement performed by SSB. If UE starts to measure the SSB in neighbor cell, UE will turn on MR, and it is natural for UE to also measure SSB in the serving cell. It can be deduced that the condition of neighbor cell measurement and the relaxed condition of neighbor cell measurement have some relationship with the condition of RRM measurements performed by LP-WUR. In final, RAN2 could consider the condition of RRM measurements performed by LP-WUR.
Proposal 4: RAN2 needs to consider the condition of RRM measurements performed by LP-WUR.
Further, if UE measures LP-WUS, its measurement result could replace the SSB measurement result, RAN2 could consider the impacts on cell reselection of RRM measurements performed by LP-WUR.
Proposal 5: RAN2 needs to consider the impacts on cell reselection of RRM measurements performed by LP-WUR.

2.3 Paging mechanism 
In current TS 38.304, UE monitors one PEI occasion per DRX cycle in IDLE/INACTIVE mode. PEI could indicate the available POs and subgroups of a paging occasion. Based on PEI, UE could determine whether to monitor the coming PO for paging. If LP-WUS is introduced, LP-WUS is transmitted to wake UE up from the ultra-deep sleep mode before PO. The UE behavior after UE wakes up is on discussion in RAN1. 
According to summary [3] in RAN1#112 meeting, UE behavior could be summarized as below:
	Low-FL1-Proposal-13: Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· perform PO monitoring, and afterwards follow legacy procedures
· perform PEI monitoring, and afterwards follow legacy procedures
· transmit PRACH for initial access, and follow legacy procedures
· receive SI update after waking up, and follow legacy procedures


As above, the procedure that UE receives paging is within the scope of RAN2 and should be captured in 38.304.
In [4], it analyses the above three procedures. If UE performs PO monitoring after LP-WUS, its access latency is medium, but its possibility of the false wake up is relatively high. If UE performs PEI monitoring after LP-WUS, its access latency is largest, but its possibility of the false wake up is relatively low. If UE transmit PRACH after LP-WUS, its access latency is shortest, but it is only available for the UE specific LP-WUS.
In addition, the information that LP-WUS could carry could also play an important role in determining which procedure could work. For example, if LP-WUS couldn’t contain some information about paging, expecting UE to perform PEI monitoring would decrease the false wake up. If the LP-WUS could indicate which PO will transmit paging, UEs in the same PO are expected to perform PO monitoring directly without monitoring PEI. If the LP-WUS could indicate which UE needs to wake up, UE that is waked up is expected to initiate RACH without receiving paging message. However, the information that LP-WUS could carry, e.g. the bits of the information, is on discussion in RAN1. Therefore, RAN2 could just follow the design of LP-WUS and consider the paging mechanism with LP-WUS.
Proposal 6: RAN2 needs to consider the paging mechanism with LP-WUS based on design of LP-WUS.
Moreover, the grouped LP-WUS could decrease the possibility of the false wake up. According to summary [3] in RAN1#121 meeting, the multiplexing of LP-WUS is studied, and summarized as below:
	Low-FL3-Proposal-12: 
For multiplexing among LP-WUSes targeted to different UEs or UE groups/subgroups of UEs, TDM and FDM are assumed as baseline, study further whether to recommend also FDM and or CDM multiplexing.


As above, it can be seen that RAN1 is designing the grouped LP-WUS. In addition, the group mechanism of LP-WUS is within the scope of RAN2 discussion. And the group mechanism of LP-WUS is related to the procedure after LP-WUS. For example, if UE performs PO monitoring after LP-WUS, similarly as group WUS in NB-IoT, the group mechanism of LP-WUS could be based on the paging probability. If UE performs PEI monitoring after LP-WUS, the group mechanism could be based on UE ID. Therefore, RAN2 could consider the paging mechanism with grouped LP-WUS.
Proposal 6a: RAN2 needs to consider the paging mechanism with grouped LP-WUS.
As above, the UE specific LP-WUS could decrease the access latency. It is beneficial for the power-sensitive and time-sensitive UE. Hence, RAN2 also needs to consider the paging mechanism with UE specific LP-WUS.
Proposal 6b: RAN2 needs to consider the paging mechanism with UE specific LP-WUS.

2.4 Connected mode LP-WUS
Connected mode LP-WUS is used to wake up UE with XR traffic when data arrives, or wake up UE when the network wakes up from the sleep state. According to summary [3] in RAN1#121 meeting, connected mode LP-WUS is summarized as below:
	Low-FL3-Proposal-15-a: LP-WUS waveform for RRC Connected mode may reuse LP-WUS waveform for RRC Idle/Inactive. 
Low-FL3-Proposal-15-b: For LP-WUS in RRC Connected mode, study further 
· whether and how to perform RLM/BFD/CSI measurements based on LP-WUR
· related procedures for LP-WUS monitoring


In fact, there are still doubts on how RLM/BFD/CSI measurements and time/frequency tracking could be offloaded to LP-WUR in connected mode. Hence, it is also doubtful that LP-WUS in connected mode could achieve the desired effect of power saving in UE.
As above, the feasibility of connected mode LP-WUS hasn’t been confirmed by RAN1 and RAN4. It could be deduced that the study of connected mode LP-WUS will lag behind the study for idle/inactive mode LP-WUS. From RAN2 perspective, RAN2 can postpone the study for connected mode LP-WUS till it is confirmed by RAN1 and RAN4.
Proposal 7: RAN2 can postpone the study for connected mode LP-WUS till it is confirmed by RAN1 and RAN4.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Proposal 1: RAN2 needs to consider the conditions for activating or deactivating LP-WUS for a UE.
Proposal 2: RAN2 needs to consider the mechanism for activating or deactivating LP-WUS for a UE.

Proposal 3: RAN2 needs to consider the impacts on serving cell measurement of RRM measurements performed by LP-WUR in IDLE/INACTIVE mode.
Proposal 4: RAN2 needs to consider the condition of RRM measurements performed by LP-WUR.
Proposal 5: RAN2 needs to consider the impacts on cell reselection of RRM measurements performed by LP-WUR.

Proposal 6: RAN2 needs to consider the paging mechanism with LP-WUS based on design of LP-WUS.
Proposal 6a: RAN2 needs to consider the paging mechanism with grouped LP-WUS.
Proposal 6b: RAN2 needs to consider the paging mechanism with UE specific LP-WUS.

Proposal 7: RAN2 can postpone the study for connected mode LP-WUS till it is confirmed by RAN1 and RAN4.
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