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1 Introduction
To further improve UE power consumption, a new study item [1] was approved to identify solutions for low power wake-up-signal and wake-up-receiver. The solutions are targeting for substantial gains comparing to existing Rel-15/16/17 UE power saving mechanisms, and aspects including detection performance, coverage, and UE complexity should all be taken into account during the study. 

More precisely, 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. 

[bookmark: _GoBack]This contribution discusses aspects related to the signal design and procedure for LP-WUS, and it is a revision of R1-2209758.
2 General Aspects for LP-WUS
The study intends to identify solutions to support a dedicated radio for receiving the LP-WUS, such that the main radio can be released for further power saving. The dedicated radio, potentially apart from the main radio subject to the discussion of its architecture in another agenda, is denoted as LP-WUR. Then, one fundamental aspect for physical layer is, when a UE expects to use the LP-WUR and to perform the reception of the LP-WUS. 
First, for a UE in initial access procedure, the UE tries to access to the system for the first time by searching for synchronization signals and trying to decode the system information carried by broadcast channels. During this procedure, the UE should not expect to receive the LP-WUS since its presence and resources to receive the LP-WUS may not be available to the UE, and the gNB may not know whether the UE supports LP-WUS as well. In this sense, the design of LP-WUS shall try to avoid its impact to initial access procedure, including the signal design to try to avoid large cross correlation to the legacy synchronization signals. 
Then, for a UE in RRC_IDLE/RRC_INACTIVE mode, the UE is capable of receiving the configuration for the LP-WUS (e.g., by system information), and utilizes such information to monitor the reception occasions. If the UE is able to set the main radio into sleep mode and performs LP-WUS detection purely using the LP-WUR, then the UE can save large amount of power from the main radio, and later, the main radio can be woken up, e.g., by the successful detection of the LP-WUS. Hence, it’s beneficial to support LP-WUS/WUR when the main radio is in RRC_IDLE/RRC_INATIVE mode. 
Finally, for a UE in RRC_CONNECTED mode, when the traffic for the UE is not high, the main radio on the UE can be turned to sleep mode for power saving, and the LP-WUR can start to receive the LP-WUS until data arrives at the main radio. The configuration of LP-WUS can be provided to the UE by system information or dedicated signaling in RRC_CONNECTED mode, and the UE can follow the configuration to monitor LP-WUS. In this way, power saving gain can also be achieved in RRC_CONNECTED mode, and it’s also beneficial to support LP-WUS/WUR when the main radio is in such mode. 
Meanwhile, to save power on LP-WUR, the LP-WUR may not need to operate in an always-on manner. For this purpose, at least two RRC states on the LP-WUR can be defined, e.g., including WUR_RRC_ON and WUR_RRC_OFF, and extra state could be considered in the study based on the need, e.g., an IDLE/INACTIVE state similar to the main radio. Transition between the at least two RRC states can be further investigated, together with the relationship and association with the RRC state transition on the main radio. 


Figure 1 Illustration of RRC state transmission with LP-WUR
Proposal 1: The support of LP-WUS/WUR shall obey the following design principles:
· Avoid impact to UEs in initial access;
· Applicable to the main radio in RRC_IDLE/INACTIVE/CONNECTED modes;
· At least two RRC states shall be supported on LP-WUR to avoid always-on LP-WUS transmission and reception.
· Further study the transition between RRC states on LP-WUR, and the relationship with RRC states on the main radio.
3 Signal Design for LP-WUS
The LP-WUS shall intend to be as simple as possible such that the corresponding receiver, LP-WUR, can be designed with low complexity. In general, there can be two options considered for the design of LP-WUS: 
· Option 1: LP-WUS includes sequence based signal(s) only.
· Option 2: LP-WUS includes sequence based signal(s) and message based channel(s). 
In Option 1, LP-WUS is purely sequence based, and its detection may only require operations for sequences, e.g., envelop detection, correlation detection, etc. The benefit from this option can be lower complexity at the LP-WUR, while the restriction is relatively lower amount of information carried by the LP-WUS. 
In Option 2, in addition to the sequence based signal(s), the LP-WUS can further includes message based channel(s) to carry information, wherein the further information may be used for better waking up the main radio. The concern of Option 2 could be the involvement of channel coding on the LP-WUR, and the implementation complexity and detection power consumption of a channel decoder is much higher than a sequence detector in general. 
The selection between Option 1 and Option 2 may require further study of the functionality of the LP-WUS, e.g., whether extra information carried by message based channel is required or not, and whether sequence based signal is sufficient to carry all the essential information for the LP-WUS. The selection should also take into account other KPIs and design principles for designing the LP-WUS, such as power consumption, gNB’s implementation impact, detection performance, coverage, and latency, as described in the accompany contribution [2]. 
In both options, for the part of sequence based signal(s) included in the LP-WUS, 3GPP legacy sequence should be reused as the baseline to avoid unnecessary implementation complexity and specification impact, wherein the sequence could be selected from PN sequence, M-sequence, Gold-sequence, or ZC-sequence and be further discussed in the study. Meanwhile, the modulation of the sequence can be further investigated between existing 3GPP legacy modulation methods for constructing signals (e.g., BPSK, QPSK, or even no modulation) and new modulation methods for enabling low complexity detection (e.g., OOK, or PFM). 
For the part of message based channel(s) included in the LP-WUS (e.g., applicable for Option 2 only), 3GPP legacy channel coding methods (e.g., polar codes or LDPC codes) and modulation methods should be reused as the baseline. Even the LP-WUS may have a necessity to further carry information for efficient wake-up, there seems no intention to utilize a new channel coding method to encode such information. 
Proposal 2: The design of LP-WUS can be down-selected from the following two options:
· Option 1: LP-WUS includes sequence based signal(s) only.
· Option 2: LP-WUS includes sequence based signal(s) and message based channel(s).
· The sequence shall reuse 3GPP legacy sequence as the baseline and further study its modulation method.
· The message shall reuse 3GPP legacy channel coding and modulation method.
4 Procedure for LP-WUS
The major functionality of LP-WUS is to allow the main radio to go to sleep and save power at the UE side. To support this functionality, at least the following procedures should be studied, and an illustration is shown in Figure 2. 


[bookmark: _Ref115252584]Figure 2 Illustration of procedure for LP-WUS.
First, a UE should be provided with a set of configurations for the LP-WUS, including its time and frequency resources for the reception occasions of the LP-WUS, and also a trigger to allow the UE to transfer from using the main radio for transmission and reception to using the LP-WUR. During the transition period, the UE should turn off the main radio and turn on the LP-WUR, and the details of the corresponding procedure can be further investigated in the study.
Then, when the UE operates with the LP-WUR only, the UE should keep trying to detect the LP-WUS according to the set of reception occasions (LP-WUS RO) configured by the gNB, and the corresponding procedure should also be investigated in the study. 
Finally, if the UE is triggered to transfer from using the LP-WUR to using the main radio for transmission and reception, e.g., by successfully detection of the LP-WUS, the UE can turn off the LP-WUR and turn on the main radio in the transition period. Mechanisms should be supported to guarantee the UE has a way to wake up the main radio, e.g., even without reception of the LP-WUS to avoid eternal sleep, and the further details can be discussed in the progress of the study.  
Proposal 3: Study the at least the following procedures related to the LP-WUS:
· Procedure for providing the configuration of the LP-WUS and triggering the transition from using main radio to using the LP-WUR.
· Procedure for receiving the LP-WUS when the main radio is turned off.
· Procedure for waking up the main radio and transiting from using the LP-WUR to using the main radio.
5 Conclusion
The proposals made in this contribution are summarized below: 
Proposal 1: The support of LP-WUS/WUR shall obey the following design principles:
· Avoid impact to UEs in initial access;
· Applicable to the main radio in RRC_IDLE/INACTIVE/CONNECTED modes;
· At least two RRC states shall be supported on LP-WUR to avoid always-on LP-WUS transmission and reception.
· Further study the transition between RRC states on LP-WUR, and the relationship with RRC states on the main radio.
Proposal 2: The design of LP-WUS can be down-selected from the following two options:
· Option 1: LP-WUS includes sequence based signal(s) only.
· Option 2: LP-WUS includes sequence based signal(s) and message based channel(s).
· The sequence shall reuse 3GPP legacy sequence as the baseline and further study its modulation method.
· The message shall reuse 3GPP legacy channel coding and modulation method.
Proposal 3: Study the at least the following procedures related to the LP-WUS:
· Procedure for providing the configuration of the LP-WUS and triggering the transition from using main radio to using the LP-WUR.
· Procedure for receiving the LP-WUS when the main radio is turned off.
· Procedure for waking up the main radio and transiting from using the LP-WUR to using the main radio.
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