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1 Introduction
In RAN #94e, a SID for low-power wake-up signal in Rel-18 was approved with the following objectives [1]:
	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.


Currently, RAN1 is discussing evaluation on low power WUS and Low power WUS receiver architectures. And on procedures for low power WUS, RAN1 had the following agreement as captured [2]:
	RAN1 #111
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)

RAN1 #112

Agreement
Study synchronisation signal used by LP-WUR, if needed, based on 

· Option 1: aperiodic signal transmitted as part of LP-WUS

· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 

· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2
Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR

· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 

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




In this contribution, we give some general considerations on the procedure of LP-WUS from the high layer point of view.
2 Discussion
2.1 Discussion on LP-WUS receiving for RRC_IDLE/RRC_INACTIVE
Currently, UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in periods with no signalling or data traffic. If UEs are able to wake up only when they are triggered, e.g., paging, power consumption could be dramatically reduced. This is the motivation of using a low power wake-up signal to monitor wake-up signal with ultra-low power consumption while the main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on.
Obviously, in the targeting use case, UE can go to sleep for long time. In the sleeping time, the only functional part of the UE would be the low power WUS receiver and UE use it for LP-WUS paging or synchronisation or for RRM measurements. Unless recalled by WUS, the NR radio block or the main receiver will be in sleeping state. Similarly, a MICO like sleeping can be considered for the main receiver as we have MICO captured in 38.304:
	When the UE is in RRC_IDLE state, upper layers may deactivate AS layer when MICO mode is activated as specified in TS 24.501 [14]. When MICO mode is activated, the AS configuration (e.g. priorities provided by dedicated signalling) is kept and all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while MICO mode is activated it is up to the UE implementation whether it performs the corresponding action immediately or the latest when MICO mode is deactivated. When MICO mode is deactivated, the UE shall perform all idle mode tasks.


If we consider a MICO like mode for main receiver, when main receiver goes to ultra-deep sleep, at least part of AS layer procedures are not required to perform, e.g., no monitoring of system information, no Paging monitoring. Currently, RAN1 is considering move RRM measurements to he performed by LP-WUR. Then if no RRM measurement for serving cell/neighbor cell by the main receiver, then there will be no Cell selection/re-selection mobility. So in our understanding, at least part of AS layer procedures are not required to perform for UE if it moves to LP-WUS monitoring.
Proposal 1 RAN2 is suggested to consider a MICO like mode when main receiver goes to ultra-deep sleep, i.e., at least part of AS layer procedures are not required to perform:
· No monitoring of system information;
· No Paging monitoring;

· No RRM measurement for serving cell/neighbor cell (FFS);
As such, when the UE moves to LP-WUS receiving state, the main receiver goes to ultra-deep sleep. For the LP-WUS receiver, UE only monitoring LP-WUS, e.g., by Duty cycle or by continuous monitoring. In IEEE 802.11, a similar state called “WUR power state” for non-AP STA has been adopted. In WUR power state, the non-AP STA use WUR duty cycle to identifies the required amount of time that the non-AP STA needs to be in the WUR awake state after the WUR non-AP STA enters the doze state. Before the introduce of “WUR power state”, STA can be in power state as there are two power states: Awake (STA is fully powered) and Doze (STA is not able to transmit or receive non-WUR PPDUs and consumes very low power) which are very similar as RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE in 3GPP.
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Figure 1: State transition diagram of WUR power state of a WUR non-AP STA in WUR mode[3]
The question is whether a LP-WUS receiving state can be modeled as a new RRC state. E.g., a RRC release can move UE to RRC_IDLE/RRC_INACTIVE or to RRC_Ultra IDLE state and in this state, UE only performs the LP-WUS operations and the main receiver goes to ultra-deep sleep.
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Figure 2: State transition diagram of WUR power state of a WUR
Proposal 2 RAN2 is suggested to discuss if a LP-WUS receiving state can be modeled as a new RRC state.
The next question is how to move a UE into LP-WUS monitoring. Obviously, not all the UE going to LP-WUS monitoring when in RRC_IDLE/RRC_INACTIVE, especially if the LP-WUS is not available, e.g., LP-WUS coverage is not as good as the cell coverage. This means UE needs to be moved to LP-WUS monitoring and switched back for legacy paging monitoring. 
One option is that the UE determines whether to move into and move out of LP-WUS based on triggers. E.g. the UE may make decision based on the mobility, serving cell signal strength/quality, the traffic pattern, and/or some other information available at the UE. Thus the network may provide some configuration parameters for the UE to make the decision, e.g. the threshold for RSRP and/or speed. 
An example is show below for the coverage hole between LP-WUR and main receiver which comes from the worse sensitivity of LP-WUR receiver than the general main radio receiver. When the UE located at the cell center, the LP-WUR and main radio receiver can be received at the same time, the UE could apply the LP-WUS by setting the LP-WUS as the first-priority while UE moves from the cell center to the cell edge, due to the weaker coverage of LP-WUS, it is reasonable to help UE switch back to the legacy power saving function. Thus, gNB is suggests to set the RSRP and RSRQ tolerance threshold value of LP-WUR when the measured value is lower than the threshold, then UE could switch to the legacy operation and switch off the LP-WUR until the measurement RSRP/RSRQ value reach to the LP-WUR threshold. 
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Figure 3: The coverage hole between LP-WUR and main receiver

Another option is that gNB determines whether to move a UE into or out of LP-WUS based on UE report. Both options should be studied in RAN2.
Proposal 3 RAN2 is suggested to discuss how UE transit to LP-WUS monitoring: 

· Event triggered, e.g., e.g., good serving cell/low mobility

· NW indication
On how the UE transit out of ultra-low power WUS monitoring, LP-WUS receiving will turn on UE’s main receiver. Similarly, as in MICO, the UE may transit out of ultra-low power WUS monitoring and activate main receiver at any time, e.g. for the transfer of mobile originated signalling or user data. Other triggers such as a timer on using the LP-WUS receiver expires can also turn on the main receiver if allowed. 
Also, RAN1 is discussing RRM measurements performed by LP-WUR and has agreed that the LP-WUR can at least be configured to measure the signal strength of LP-SS for serving cell measurement. If the signal strength of LP-SS is below certain threshold, then the LP-WUR wakes the MR to take charge of the RRM measurement. This type of triggering mechanism can be considered as a fall back procedure to prevent the UE from continuing using the LP-WUS receiver. 
Additionally, if main receiver is used for cell-selection and cell reselection mobility, then trigger from NAS, e.g., manual PLMN selection can also transit UE out of ultra-low power WUS monitoring if Cell selection/re-selection mobility is still charged by main receiver .
Proposal 4 RAN2 is suggested to discuss how UE transit out of LP-WUS monitoring: 

· Low power WUS;
· Uplink transmission;

· a timer on using the LP-WUS receiver expires;
· RRM measurement by main receiver;

· Trigger from NAS, e.g., manual PLMN selection;
2.2 RRM measurement by using LP-WUR

In Rel-16, the relaxing RRM measurement for intra-frequency or inter-frequency/inter-RAT frequency is allowed for UEs not at cell edge and/or with low mobility. In Rel-17, additional relaxation measurement criteria are defined, i.e., for supporting stationary RedCap UEs. However, it is noted that no relaxation is so far allowed for the serving cell RRM. For a UE in low power mode, the main radio may be switched-off and UE only needs to monitor the LP-WUS signal by a LP-WUR. If UE still have to wake up and switch on main radio frequently to perform serving cell RRM measurement, the power saving effect of the LP-WUS mechanism may be highly reduced, therefore serving cell measurement relaxation should be considered.
Currently, RAN1 is discussing to relax serving cell RRM measurement or offload some RRM functionalities to LP-WUR. So for RRC IDLE/INACTIVE UEs, the possible more power saving operations involving LP-WUS/WUR could be RRM measurement and wake-up indication are based on LP-WUS/LP-SS using LP-WUR. If RRM measurement can be performed by LP-WUR, it should be discussed how to define the measurement quantity. For example, whether legacy quantities, such as RSRP, RSRQ and RSSI, can be reused or new quantities should be defined. Also, how to use the measurement quantities should also be discussed. 
From RAN2’s point of view, the signalling of using LP-WUS or the criteria for relax serving cell RRM measurement should be supported. An example is when the UE located at the cell center and the received LP-WUS is strong enough, then UE could apply the LP-WUS.

Also, If LP-WUS based RRM measurement will be supported by RRC Connected UE, then a new measurement event will be introduced for LP-WUS. RAN2 will further discuss whether joint RRM measurement can also be considered, e.g., to configure UE to perform SSB measurement by main radio and perform LP-WUS measurement by LP-WUR. Whether the main radio can measure LP-WUS can be further studied.
Proposal 5 RAN2 can further study the criteria for relaxing serving cell RRM measurement.
2.3 Discussion on LP-WUS receiving for Connected
Regarding to SID, the study is primarily to target low-power WUS/WUR for power-sensitive, small devices, including IoT use cases and wearables. These devices are typically used for periodic data transformation and remain idle most of the time. For other scenarios, such as XR, it is not so urgent because the power for the communication module in these devices only occupies a small fraction of the total power consumption. We believe that for RRC connected mode, LP-WUS may also reduce UE power consumption, but the gain would be relatively smaller than the case of RRC idle/inactive state, because the main radio is typically in light or micro sleep to avoid prolonged latency caused by ramp-up time for ultra-deep sleep mode. 
If RAN2 confirms that LP-WUS receiving for Connected should also pursued in the study, RAN2 can further study the impact to current DRX. LP-WUS may be used to indicate whether to enter on-duration. Different from on-duration by legacy DRX operation which appears periodically based on DRX configuration, the location of on-duration triggered by LP-WUS varies with detection of LP-WUS. For this scenario, the latency can be shortened. 
Proposal 6 RAN2 is suggested to discuss whether LP-WUS receiving for Connected should be deprioritized in the study.
3 Conclusions

Based on the discussion, our proposals are provided as follows:
Proposal 7 RAN2 is suggested to consider a MICO like mode when main receiver goes to ultra-deep sleep, i.e., at least part of AS layer procedures are not required to perform:
· No monitoring of system information;
· No Paging monitoring;

· No RRM measurement for serving cell/neighbor cell (FFS);
Proposal 8 RAN2 is suggested to discuss if a LP-WUS receiving state can be modeled as a new RRC state.

Proposal 9 RAN2 is suggested to discuss how UE transit to LP-WUS monitoring: 

· Event triggered, e.g., e.g., good serving cell/low mobility

· NW indication
Proposal 10 RAN2 is suggested to discuss how UE transit out of LP-WUS monitoring: 

· Low power WUS;
· Uplink transmission;

· a timer on using the LP-WUS receiver expires;
· RRM measurement by main receiver;

· Trigger from NAS, e.g., manual PLMN selection;
Proposal 11 RAN2 can further study the criteria for relaxing serving cell RRM measurement.
Proposal 12 RAN2 is suggested to discuss whether LP-WUS receiving for Connected should be deprioritized in the study.
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