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1	Introduction 
LP-WUS/WUR shall be introduced to NR in Rel-19. The objectives are covered in the WID [1]. This contribution focuses on the RAN4 core requirements and the way forward [2] from last meeting. The WID lists RAN4 goals as:
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2  Discussion
As RAN4 proceeds with the standardisation efforts on the key RF requirements (ACS, ASCS, REFSENS and others) with focus on power consumption, it is important to consider the diverse use cases and costs which allow different hardware choices, form factors allowing and different battery capacities. To achieve reasonable lifetimes for different LP-WUR implementations and scenarios, RAN4 should at least define two sets of receiver requirements. One requirement suited for OFDM based receiver and one set for OOK which can be based on power detector type receiver.
Observation 1: To achieve reasonable lifetimes for different LP-WUR implementations and scenarios, RAN4 should at least two sets of receiver requirements.
Proposal 1: RAN4 should keep discussing two sets of receiver requirements. One requirement suited for OFDM based receiver and one set for OOK which can be based on power detector type receiver.
On the topic of RX antenna assumption, the decision was made to focus on 1Rx in FR1. Additionally, it was left open whether receiver diversity could be used. Single Rx systems offer various advantages such as reduced complexity, lower power consumption and lower area consumption. For LP-WUR one of the main key factors is power consumption. Deploying only one active receiver can cut down current draw and extend longevity of the device. This aspect might be more relevant than an improvement in sensitivity. For OFDM type receiver the device is likely to utilise the existing LTE/NR receiver. If deploying a low complexity receiver for OOK type wake-up signals, then it would consume additional area. Especially, in this scenario it would make a difference to the area consumption if only a single receiver is required compared to a diversity receiver setup.
Proposal 2: Keep support of 1Rx in FR1 for now. To minimize current consumption for wake-up receiver do not include Rx diversity.

	Issue 2-2-1: Performance metric for REFSENS
Agreement: 
· Use X% missed detection rate as the starting point for performance metric for LP-WUS RF requirements
· FFS on X values
· FFS on whether to have false alarm rate


In last meetings discussion it has been stated that the proposed 1% missed detection rate might lead to demanding test scenarios. Probably challenging from performance point of view but mainly challenging on how to efficiently conduct tests verifying a 1% performance metric. To alleviate the testing challenge a value of 10% for X was proposed instead. As RAN4 couldn’t find an agreement the value was left FFS.
The other part of the discussion revolved around whether a second performance metric is required. It was proposed to consider false alarm rate. False alarm rate describes the quota of falsely recognising an incoming signal as its wake-up signal and respond accordingly. Any time the wake-up receiver falsely detects an incoming signal it would wake up the rest of the device (e.g. wake up main receiver and baseband) to process the expected message following the wake-up call. The device needlessly waits for a message which does not come and return to sleep after a certain time monitoring the channel. Consequently, a high false alarm rate would drain device battery and is therefore not preferred. Device manufacturers have interest in keeping false alarm rate at a minimum level. On the one hand they can tune receiver setup to minimize false alarms on the other hand there are scenarios (e.g. sequence-based design) where there is a direct trade-off between false alarm rate and missed detection rate from system level point of view. It seems that further discussion is needed to determine whether false alarm rate is required.
Proposal 2: Keep missed detection rate as the main performance metric and specify X=10%. Whether false alarm rate should be a separate requirement, or as a side condition for missed detection rate, can be further discussed.  

	Issue 2-2-2: How to specify REFSENS requirements
Agreement: 
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM
· FFS whether to design REFSENS requirements or other requirements to ensure LP-WUR meet the coverage target
· Side condition for REFSENS test: DL test signal will only have LP-WUS signal.


While RAN4 is discussion parameters to REFSENS such as SNR, NF and IM there is a parallel discussion going in in RAN1 on the physical layer design. The current state is that the physical layer design has not yet concluded. Before finalising the physical layer RAN1 needs to work on the link budget analysis. This step is required to determine the target SNR allowing to match the same coverage as Message 3. It seems that RAN4 needs to wait for further input from RAN1 to be able to complete the REFSENS requirements.
Observation 3: RAN1 is currently discussion the physical layer design and first needs to complete link budge analysis. RAN4 requires the RAN1 input to finalise SNR for REFSENS.
LNA is the first active block in the receiver chain and key component in the estimation of the noise performance of the receiver. Designing a LNA with low power consumption and low noise is immensely challenging. To achieve high linearity and high gain the LNA requires more stages translating in more power consumption. To effectively reduce the power consumption gain and noise performance needs to be reduced. While typical NR FR1 receiver feature a noise figure of approximately 10 dB this value is expected to increase considerably for LP-WUR. Depending on the architecture and power saving choices the noise figure could rise to 22-25dB.

Observation 4: To achieve high linearity and high gain the LNA requires more stages translating in more power consumption. To effectively reduce the power consumption gain and noise performance needs to be reduced. While typical NR FR1 receiver feature a noise figure of approximately 10 dB this value is expected to increase considerably for LP-WUR. Depending on the architecture and power saving choices the noise figure could rise to 22-25dB.
4	Conclusions
This contribution provides a discussion based on last meetings way forward on LP-WUR. The following observations and proposals are made:
Observation 1: To achieve reasonable lifetimes for different LP-WUR implementations and scenarios, RAN4 should at least two sets of receiver requirements.
Proposal 1: RAN4 should keep discussing two sets of receiver requirements. One requirement suited for OFDM based receiver and one set for OOK which can be based on power detector type receiver.
Proposal 2: Keep support of 1Rx in FR1 for now. To minimize current consumption for wake-up receiver do not include Rx diversity.
Observation 3: RAN1 is currently discussion the physical layer design and first needs to complete link budge analysis. RAN4 requires the RAN1 input to finalise SNR for REFSENS.
Observation 4: To achieve high linearity and high gain the LNA requires more stages translating in more power consumption. To effectively reduce the power consumption gain and noise performance needs to be reduced. While typical NR FR1 receiver feature a noise figure of approximately 10 dB this value is expected to increase considerably for LP-WUR. Depending on the architecture and power saving choices the noise figure could rise to 22-25dB.
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Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).

e  Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS
requirements with consideration of possible new methodology to assess the low-power wake-up
receiver performance

e Define guard RBs for ACS and ASCS cases

e  Study testability of above requirements

e  Consider impacts of different architecture and impairments, and set requirements that enable
all types of reasonable implementation

e Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g.,
dynamic range for LP-WUS/LP-SS.

e  Current NR BS requirements is baseline

e Specify necessary RRM requirements




