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1. Introduction
In this contribution, we provide our views on low power WUS receiver. At the RAN#97e, SID for low power wake-up signal (LP-WUS) and wake-up receiver (WUR) was approved [1]. The following objectives are included in LP-WUS/WUR SID.
	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.



2. Discussion
2.1. Design and Functionalities
As justified in SID, LP-WUS is motivated to support ultra-low power mechanisms. Currently, 5G supports a lot of power saving features. However, UE still needs to wake up periodically even in idle/inactive mode. However, by introducing ultra-low power receiver which is separately deployed from main radio unit to receive LP-WUS, significant power saving may be achieved.
Since new type of receiver architecture, i.e. LP-WUR, needs to be defined in this study, the design of LP-WUS is also quite open to discuss. For example, when UE configured with LP-WUS goes to ‘Ultra-deep sleep’ power state in which WUR is only activated to monitor LP-WUS, it is unclear whether/how to synchronize with gNB. 
As another example, it is also unclear whether/how to support measurement procedure in Ultra-deep sleep. One possible way is that UE wake up to RRM measurement periodically. Alternatively, it may be possible to introduce new type of RRM measurement based on LP-WUS. 
In addition, we also need to discuss on the contents carried by LP-WUS. If LP-WUS dons not associated with any UE-specific information, all the UE configured to monitor the same time/frequency resources for LP-WUS may need to be wake-up. It causes the increase of false wake-up and UE power consumption would be increased unnecessarily. In the case, if LP-WUS is able to carry UE-specific information (e.g. UE group ID), the probability of such unnecessary wake-up can be decreased although LP-WUR processing effort may be increased. 
Based on the discussion above, we made the following proposal. 

Proposal 1: Study the support of the following features in Ultra-deep sleep power state
· WUS-based synchronization
· WUS-based measurement
Proposal 2: Further study the contents carried by LP-WUS (e.g. UE group ID)
[bookmark: _Hlk118694429]
Considering that there are variety of use cases for IoT and wearable, we consider that Both Rel-17 RedCap and Rel-18 eRedCap play an important role for IoT and wearable markets. However, since quite limited UE bandwidth is assumed for (e)RedCap, if LP-WUS/WUR is supported for (e)RedCap, LP-WUS bandwidth needs to be also limited (e.g. 5MHz bandwidth) and it means that LP-WUS coverage performance may be an issue. In the sense, we are positive to study the support of LP-WUS/WUR even for (e)RedCap, however it needs to be carefully studied with the LP-WUS coverage performance. 
Proposal 3: RAN1 further study the coverage performance of LP-WUS taking into account the support of Rel-17 RedCap/Rel-18 eRedCap. 

2.2. UE procedures
In addition to the design and the functionalities of LP-WUS, we need to discuss on detection procedure of LP-WUS. 
One of the fundamental UE procedures for LP-WUS may be how to switch power state between Ultra-deep sleep and other states. At least, UE configured with LP-WUS would move into Ultra-deep sleep power state, however it is not clear when/how to trigger the transition to Ultra-deep sleep power state. Furthermore, it is also unclear how to leave from Ultra-deep sleep power state. One possible solution is that UE leaves from Ultra-deep sleep power state when LP-WUS is received correctly. However, if the certain UE is not paged after the reception of LP-WUS, it may be better to return into Ultra-deep sleep power state. Based on the discussion, we made the following proposal. 
Proposal 4: Further study the mechanisms to switch power state between Ultra-deep sleep and other states.
Figure 1 shows the example of possible UE behaviors after LP-WUS reception. In Alt1 as shown in Figure 1, after a UE receives LP-WUS correctly, the UE initiate to monitor PO and decode PDCCH if necessary. If there is a paging message for the certain UE, the UE goes to transmit PRACH. In this case, LP-WUS is associated with one or multiple of POs. This procedure may be the similar with LTE WUS, which is supported in eMTC/NB-IoT. In the sense, Alt1 may be more straightforward than Alt2. 
On the other hand, in Alt2 as shown in Figure 1, after the UE is indicated by WUS, the UE directly goes to monitor PRACH transmission. Alt2 would improve not only power consumption but also latency performance. However, in order to support Alt2, LP-WUS needs to be associated with UE ID (e.g. ng-5G-S-TMSI) or other IDs (e.g. UE group ID) to identify whether the certain UE is paged at the time. Also, Alt2 could be further simplified. For example, if UE still have valid TA, it may be possible to perform RACH processing from Msg2/3/4, which can reduce latency further as compared with Alt1. 
From the discussion above, we consider that the design of LP-WUS highly depends on UE behaviour for LP-WUS reception. In the sense, we provide the following proposal. 
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Figure 1. Possible UE behavior after LP-WUS reception

Proposal 5: UE procedure for paging and Msg. 1-4 after LP-WUS reception should be further discussed.

3. Conclusion
In this contribution, the L1 signal design and procedure for low power WUS was discussed. Based on the discussion, the following observations and proposals were made:

Proposal 1: Study the support of the following features in Ultra-deep sleep power state
· WUS-based synchronization
· WUS-based measurement
Proposal 2: Further study the contents carried by LP-WUS (e.g. UE group ID)
Proposal 3: RAN1 further study the coverage performance of LP-WUS taking into account the support of Rel-17 RedCap/Rel-18 eRedCap. 
Proposal 4: Further study the mechanisms to switch power state between Ultra-deep sleep and other states.
Proposal 5: UE procedure for paging and Msg. 1-4 after LP-WUS reception should be further discussed.
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