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1. [bookmark: _Toc120549591]Introduction
As the SID in RP-222644 [1], the objectives of UE power saving enhancements for idle/inactive-mode UE are as the following,
· 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, the design of L1 low power wake-up signal will be discussed.
2. Discussion 
In this section, the design of potential low power wake-up signals (LP-WUS) to reduce power consumption is provided for discussion. Different from the previous power saving techniques, it is recommended to design an independent low power wake up signal in Rel-18. Since the similar technique has already used in the WIFI specifications [2], the waveform and modulation method could be considered as a reference example to be studied. What’s more, to meet the motivation of low power WUS in [1], some design suggestions are put forward in this section. 
2.1 LP-WUS waveform and modulation method
According to the objective of SI, the LP-WUS is a new delicate signal for wake up main radio in low power consumption. Similarly, a low power WUS technology for WIFI introduced in IEEE 802.11ba has the same objective which MC-OOK (multi-carrier on-off keying) is used as the waveform.
In IEEE 802.11ba, the AP reuse the existing OFDM transmitter for WUR, to minimize the power consumption at the receiver (STA) side, the WUR frame does not carry any data information, and an AP only utilizes the OFDM waveform as transmission medium to transmit WUR frames. For WUR, the information bits of WUR-sync and WUR-data could be modulated into on-off keying (OOK) symbols, and the transmitter of WUR frames uses these OOK symbols to mask the generated narrowband OFDM waveform, which is known as the multi-carrier OOK (MC-OOK) waveform [3]. The OOK has the advantage of overall implementation simplicity which can be transferred into energy efficiency. If WUR using OOK waveform, any channel equalization will not be required in the receiver, a non-coherent detection method can be used for demodulate transmission.
In order to achieve the design of low power WUS in NR system, it is reasonable to find an effective waveform and modulation method to reduce power consumption brought by WUR. MC-OOK could be one of suitable modulation scheme which can provide a simple LP-WUR receive process and have an immediate effect. Above all, the following proposal is put forward.
Proposal 1. MC-OOK can be considered as the starting point of LP-WUS waveform design. 
2.2 Functions of LP-WUS
In Rel-16/17 several UE power saving techniques are specified for RRC RRC_IDLE/RRC_INACTIVE states and RRC_CONNECTED state, including, Rel-16 DCP, Rel-17 PEI and Rel-17 PDCCH skipping/SSSG switching. Different from the previous Rel-16/17 UE power saving signals design which using the same receiver as main radio, the Rel-18 LP-WUS is an independent signal which aim to bring the better power saving performance. From our understanding, the key functions of Rel-18 LP-WUS is to replace the Rel-16 DCP and/or Rel-17 PEI using a lower power consumption, and all three RRC states can be considered in the study of LP-WUS.
Proposal 2. Both RRC_IDLE/RRC_INACTIVE states and RRC_CONNECTED state can be considered in the study of LP-WUS.
Group-common DCI format 2_6 is used as Rel-16 DCP design to reduce the network signaling overhead. In Rel-17 PEI design, UE group is also supported to achieve a balance between network signallingsignaling overhead and UE power saving gain. Similarly, in IEEE 802.11ba [2], the WUR frame type can determine the UE address type, and the UE address type can be divided into unicast, multicast and broadcast. When UE address is unicast type, the AP only conveys the WUR ID of assigned STA; when UE address is multicast type, the AP conveyconveys the group ID of many STAs; when UE address is broadcast type, this frame is provided for all the STAs. As a consequence, no matter WUR in IEEE or Rel-16 DCP/Rel-17 PEI in pervious standardization, they all apply the UE subgroup to save network overhead. It is also reasonable to consider applying UE group method on LP-WUS to reduce the signalling overhead of network and also provides much UE power saving gain.
Proposal 3. UE-group specific L1 signal can be considered for LP-WUS signal design.
2.3 Coverage impact of LP-WUS
One of the motivations of LP-WUR/WUS design is to achieve the low power consumption performance of UE with low cost. The structure of LP-WUS receiver is simpler than the general main radio receiver, which only retains the basic components to satisfy the core receiver functions. The design concept also means the sensitivity of LP-WUR receiver is worser than the general main radio receiver, which lead to the coverage gap between LP-WUS and NR signal/channel.
Observation 1. The coverage performance between the LP-WUR and the main radio is difficult to match due to worser receiver sensitivity of WUR than main radio.
That is in one cell, the coverage of LP-WUS and other NR channels/signals are different, how to handle the partial coverage issue of LP-WUS needs to be further studied. Due to the gap in sensitivity between LP-WUS and main radio, it is reasonable to consider how to transition between the existing Rel-16/Rel-17 power saving techniques and Rel-18 LP-WUS, such as when one UE moves to the position within the NR coverage range but outside the LP-WUS coverage range, the transition between different UE power saving techniques can be triggered. For example, a LP-WUS RSRP threshold can be configured, when the measurement result of LP-WUS RSRP value is higher than the threshold, UE can rely on Rel-18 LP-WUS to decide whether to wake up or not; if the measurement result not achieve to the threshold, UE could use the normal power saving techniques which we introduced in Rel-16/Rel-17. 
Proposal 4. Considering the coverage gap between LP-WUS and existing NR channels/signals, transition procedure between Rel-16/Rel-17 UE power saving techniques and Rel-18 LP-WUS can be considered to guarantee the best UE power saving gain.
3. Conclusions
In this contribution, some considerations of L1 signal design for low power WUS are discussed and the following observations and proposals are made. 
Observation 1. The coverage performance between the LP-WUR and the main radio is difficult to match due to worser receiver sensitivity of WUR than main radio.
Proposal 1. MC-OOK can be considered as the starting point of LP-WUS waveform design. 
Proposal 2. Both RRC_IDLE/RRC_INACTIVE states and RRC_CONNECTED state can be considered in the study of LP-WUS.
Proposal 3. UE-group specific L1 signal can be considered for LP-WUS signal design.
Proposal 4. Considering the coverage gap between LP-WUS and existing NR channels/signals, transition procedure between Rel-16/Rel-17 UE power saving techniques and Rel-18 LP-WUS can be considered to guarantee the best UE power saving gain.
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