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Introduction
In Rel-18, a study item was approved for low-power wake-up signal and receiver for NR (WID in RP-222644 [1]), and it 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 contribution, we focus on wake-up signal (WUS) design and the related procedures to support WUS.
L1 signal design
In the WUS design, some important factors to be considered include:
· Power consumption of WUR
· The area/cost of WUR should also be considered.
· Waveform/modulation
· Bandwidth
· Data rate
· Detection performance / coverage
· Mobility related impact, e.g. whether/how to perform RRM measurement in case of WUS monitoring 
· Functionality, e.g. synchronization, RRM measurement
· Overhead
· Coexistence with existing NR signals/channels
Some of the above factors are related to each other.
The WUS design directly impacts the wake-up receiver architecture and the corresponding power consumption. As the target of WUS is to save UE power, the signal design should serve the purpose to enable greatly simplified receiver architecture and removal of most power hungry components. Based on the discussion on WUR architectures in our companion contribution [2], on-off keying (OOK) can be considered as one of the candidates for WUS.
Proposal 1: Study OOK as one of the candidate modulation schemes for WUS.
Considering the coexistence with existing NR signals/channels, a signal that is compatible with OFDM has the advantage of allowing the gNB to use the existing hardware to generate WUS signal, which can also allow easier multiplexing with the legacy signal/channels. In this sense, multi-carrier based signaling design can be further studied.
Proposal 2: Multi-carrier OOK is further studied.
It is also important to study what functionality should be supported by LP WUR and what information should be carried in the L1 signal.
· The bare minimum information that needs to be carried is the wake-up signal that tells a UE whether the main radio should be woken up or not.
· It can be beneficial to carry UE ID, part of UE ID, or a group ID in the wake-up signal to allow resource sharing among multiple UEs.
· Synchronization at LP WUR and the potential signal to support it should be studied.
· This can include a preamble at the beginning of the WUS and/or separate synchronization signal.
· Whether/how some RRM functionality is supported by the LP WUR should be studied.
· For RRM measurement, based on the current specification, serving cell measurement is required to be performed at least once every DRX cycle for DRX cycle of 1.28 seconds or less. The frequency of neighbor cell measurement can be relaxed for stationary UEs and/or UEs not at the cell edge with Rel-16/17 RRM relaxation features. If we keep the RRM measurement requirements as they are for LP WUS, it means that the main radio needs to wake up at least once every DRX cycle. This prevents the main radio from going into ultra-deep sleep state and the benefit of LP WUS/WUR may not be seen at all. Therefore, some relaxation on RRM measurement requirements and/or RRM functionality performed by LP WUR should be considered.
· Serving cell measurement by LP WUR can be the first step for investigation, and neighboring cell measurement may also be considered, which would involve much more complicated procedures.
· Cell ID may need to be embedded in some of the signals such as synchronization signal or RRM measurement related signals.
Proposal 3: At least the following information/functionality should be studied for support by the LP WUR:
· Wake-up signal with UE ID or group ID
· Synchronization
· RRM measurement
· Cell ID
WUS related procedures
From procedure perspective, at least the following aspects should be considered for idle/inactive UEs:
· Enabling and disabling of LP WUS
· This would be straightforward if WUS coverage can match the regular NR coverage. However, if the WUS coverage is smaller, this would have larger impact.
· UE procedure after receiving LP WUS
· The UE should wake up the main radio after receiving LP WUS.
· It needs to be discussed how WUS is related to paging, whether it replaces page message or it wakes up the main radio to receive page message. This affects the UE procedure.
· Whether new RRC state(s) need to be defined
· If RRC connected mode is to be considered, UE procedures for transitioning into and out of WUS monitoring state need to be discussed.
· Our preference is to deprioritize RRC connected mode and focus on RRC idle/inactive mode, as explained in our companion contribution [3].

Proposal 4: At least the following procedures should be studied for LP WUS/WUR:
· Enabling and disabling of LP WUS monitoring
· How LP WUS is related to paging
· The need for new RRC state(s)
· UE procedures for transitioning into and out of WUS monitoring state if RRC connected mode is to be considered

Conclusion
In contribution, we have discussed use cases, evaluation methodology and KPIs for LP WUS/WUR, and have the following proposals:
Proposal 1: Study OOK as one of the candidate modulation schemes for WUS.
Proposal 2: Multi-carrier OOK is further studied.
Proposal 3: At least the following information/functionality should be studied for support by the LP WUR:
· Wake-up signal with UE ID or group ID
· Synchronization
· RRM measurement
· Cell ID
Proposal 4: At least the following procedures should be studied for LP WUS/WUR:
· Enabling and disabling of LP WUS monitoring
· How LP WUS is related to paging
· The need for new RRC state(s)
· UE procedures for transitioning into and out of WUS monitoring state if RRC connected mode is to be considered
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