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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
The WUS design directly impacts the wake-up receiver architecture and the corresponding power consumption. In our companion contribution [2], our preliminary evaluation results show that the power saving gain is not sensitive to the power consumption of LP WUR, as long as it is sufficiently low (e.g. 10 mW or less). This implies that we may not necessarily need to push down the power consumption of WUR to a very low level, such as hundreds of uW. It is more important to look at all the trade-offs, instead of simply trying to push down the power consumption to the limit. 
Due to this reason, we should be open to consider different types of receiver architectures, including OFDM-based receiver. OOK/FSK-based architectures may be able to achieve lower power consumption, but OFDM-based receiver, with the cost of relatively larger power consumption, has the potential benefit of reusing the existing MR receiver architecture, reusing legacy NR signals, and may be better at satisfying existing ACS requirements and more efficiently multiplexing with existing NR signals. Of course the trade-offs need to be analyzed further, but it should be included as one of the candidates for further study.
We actually think it may make sense to prioritize OFDM based signal, given the potential benefits mentioned above, and less specification impact.
Proposal 1: Study and compare the following candidate modulation/waveform for the wake-up signal:
· OFDM signal based, e.g. sequence-based signal
· OOK
· FSK
The LP WUR can either continuously monitor for WUS, or periodically monitor with a DRX cycle. For the purpose of power saving, continuous monitoring could only make sense if the power consumption of WUR is so low that continuous monitoring does not result in too much power consumption. However, (1) it may not be practical to have the power consumption of WUR so low that is negligible; (2) even if we have a receiver architecture that has very low power consumption, it comes with cost on other aspects such as sensitivity and overhead. Therefore, we think DRX operation should be supported for LP WUR. 
Proposal 2: DRX operation (or periodic monitoring) of WUR should be considered in the LP WUS design.
Once periodic monitoring is enabled for WUR, the synchronization becomes an issue. If OFDM-based receiver is considered, we can potentially reuse the existing PSS/SSS for synchronization. If OOK or FSK is considered, synchronization signal would be needed to keep the time offset at the WUR within a reasonable range, especially if no WUS is received for a long time. Both periodic synchronization signal and the synchronization signal immediately before the WUS (a.k.a. preamble) should be considered.
Proposal 3: Synchronization signal should be studied to support DRX operation of WUR, especially for OOK/FSK-based signal.
The bare minimum information that needs to be received by the LP WUR is the wake-up signal that tells a UE whether the main radio should wake up or not. Depending on the design and configuration, this can carry a single-bit information (0 vs 1), or the full UE ID, or a group ID. UE-specific WUS would consume more resources and generate more overhead from system perspective. From design point of view, it is good to allow some flexibility for gNB configuration, so that the desired tradeoff between overhead and UE power saving can be achieved. In this sense, it is desirable to support both UE-specific and group-common WUS, which can potentially fall into the same framework and be achieved by proper configuration.
Proposal 4: Both UE-specific and group-common WUS should be considered to be supported.
RRM measurement to support mobility is another critical aspect to be investigated. 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 the existing RRM measurement requirements should be considered as a first step, to make it meaningful to consider LP WUR. However, we should not simply ignore RRM measurement. To compensate for the relaxation of the existing RRM measurement requirements, at least some of the RRM functionality should be supported by LP WUR. Serving cell measurement by LP WUR can be the first step for investigation. Neighboring cell measurement may also be considered, but this would involve much more complicated procedures and design. Cell ID needs to be embedded in some of the signals such as synchronization signal or RRM measurement related signals to support such measurement at LP WUR.
Proposal 5: At least the following should be considered for RRM measurement with LP WUR:
· Relaxation of existing RRM measurement requirements
· New RRM measurement function(s) supported by LP WUR, e.g. serving cell measurement
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
· For RRC connected mode, UE procedures for transitioning into and out of WUS monitoring state need to be discussed.

Proposal 6: 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 for RRC connected mode

Conclusion
In contribution, we have discussed WUS design and related procedures, and proposed the following:
Proposal 1: Study and compare the following candidate modulation/waveform for the wake-up signal:
· OFDM signal based, e.g. sequence-based signal
· OOK
· FSK
Proposal 2: DRX operation (or periodic monitoring) of WUR should be considered in the LP WUS design.
Proposal 3: Synchronization signal should be studied to support DRX operation of WUR, especially for OOK/FSK-based signal.
Proposal 4: Both UE-specific and group-common WUS should be considered to be supported.
Proposal 5: At least the following should be considered for RRM measurement with LP WUR:
· Relaxation of existing RRM measurement requirements
· New RRM measurement function(s) supported by LP WUR, e.g. serving cell measurement
Proposal 6: 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 for RRC connected mode
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