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1. Introduction
In SID [1], the following objectives are specified, including the evaluation aspects for LP-WUS/WUR:

	· 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. 



This contribution discusses evaluation aspects for the low power wake-up signal and receiver.


2. General aspects
2.1 Use case
Objective in current SID indicates “Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables” [1]. We think that all the evaluation methodologies including performance metrics to be defined for Rel-18 LP-WUS/WUR can be applied for other use cases such as XR, smart glasses and smartphones. Having said that, XR, smart glasses and smartphones should take the opportunity to enjoy the benefits from Rel-18 LP-WUS/WUR.

Proposal 1: Add XR, smart glasses and smartphones as target use cases.


2.2 Design consideration
A relationship between receiver sensitivity and power consumption for ultra low power radios is shown in [2]. For example, as the receiver sensitivity is increased, power consumption at the receiver side is reduced. The receiver sensitivity of Rel-15 NR/16/17 UE has the range of [-100, -85] dBm according to RAN4 requirements in TR38.101-1 [3] and TR38.101-2 [4]. Since the receiver sensitivity is closely related to the coverage achieved by the receiver, assuming that the target coverage of Rel-18 LP-WUR is similar to that of Rel-15/16/17 NR UE, the receiver sensitivity of LP-WUR should be within the same range as that of Rel-15/16/17 NR UE. In such case, power consumption of LP-WUR can be hundreds of uW or below based on the relationship graph given by [2].

Proposal 2: Power consumption of LP-WUR should target to achieve hundreds of uW or below.

Meanwhile, the design of LP-WUS should be compatible with the existing NR system, and minimizing the implementation effort at both the UE and the gNB sides. Especially, since the main benefit from supporting LP-WUS/WUR is on the UE side, the design of LP-WUS should strive to have zero or trivial impact to the gNB, e.g., by using existing waveform, sequence, channel, etc., as much as possible.  

Proposal 3: The design of LP-WUS should strive to minimize the impact to the gNB.


3. Performance metrics
Before discussing the evaluation scenarios, we have to decide what to see or what to measure for the evaluation. To compare different technical schemes to realize LP-WUS/WUR, appropriate performance metrics and relevant performance targets should be defined. This sub-section will discuss the possible performance metrics for evaluating Rel-18 LP-WUS/WUR.

3.1 Power saving gain
There would be two different ways to compare the power saving gain:
· One is to calculate the amount of power absolutely consumed at a given UE’s status (i.e., absolute power consumption);  
· The other is to calculate the amount of power difference between a reference UE’s status and a given UE’s status (i.e., relative power consumption). 

[bookmark: _GoBack]Since power consumption model has been well defined in TR38.840 [5], it can be reused with modifications to reflect new aspects related to LP-WUS/WUR design and/or its operation. For example, the power consumption models for the cases where LP-WUR is on, LP-WUR detects LP-WUS, and WUR wakes up main radio, need to be newly defined. On the other hand, a new state for main radio (i.e., main radio off) needs to be defined in Rel-18 LP-WUS/WUR because the main radio can be turned off until the LP-WUR wakes it up. So, power modelling used for the deep sleep of the main radio in TR38.840 may be different from that used for main radio off in Rel-18 LP-WUR. Also, power modelling used for main radio’s transition between deep and non-sleep states in TR38.840 may be different from that used for main radio’s transition between off and non-sleep states in Rel-18 LP-WUR.

Proposal 4: Power consumption model defined in TR38.840 is reused with the following enhancements for LP-WUR/WUS evaluation:
· Power unit needs to be defined for the cases that LP-WUR is on, LP-WUR detects LP-WUS, and LP-WUR wakes up the main radio; 
· A new state for the main radio needs to be defined for the case that the main radio is turned off;
· Transition time and power unit need to be defined for transition between the off state of the main radio and other states.


3.2 Probabilities of false alarm and misdetection
Detection performance of the LP-WUS/WUR such as false alarm and misdetection probabilities should be evaluated during study item due to the following reasons: Depending on how to set false alarm and misdetection rates, design of LP-WUS/WUR can be different. More specifically, if target requirements of false alarm and misdetection probabilities are set to low values, more complex LP-WUR design may be required to achieve the requirements, resulting in more power consumption by the LP-WUR. Also, how to set false alarm and misdetection rates can affect to overall power consumption and latency of the LP-WUR and main radio. If misdetection probability is set to a high value, the probability that LP-WUR cannot detect WUS is increased which results to longer latency. If false alarm rate is set to a high value, the probability that LP-WUR wakes up main radio unnecessarily which results to more power consumption.  So, the target rates of misdetection and false alarm should be set carefully considering the impact on the latency and power consumption from them.
 
Proposal 5: Target probabilities of false alarm and misdetection should be determined based on their impact on the latency and the power consumption.


3.3 Coverage
If the coverage of LP-WUS/WUR is large, the number of UEs that can take the benefit of power saving within a cell is increased. If LP-WUS/WUR provides a short coverage, less UEs within the cell can enjoy the benefit. In order to provide a power saving gain for as many UEs as possible, LP-WUS/WUR needs to achieve a similar coverage to the main radio.

Proposal 6: Coverage of LP-WUS/WUR should be similar to that of main radio.

On the other hand, target channels to determine the coverage of LP-WUS/WUR could be different depending on which RRC state for main radio is taken into account in the study. For example, if RRC_IDLE/INACTIVE is considered only, PDSCH would be the target channel because RRC_IDLE/INACTIVE UEs receive downlink data/control without any UL transmission. For the case where both RRC_CONNECTED and RRC_IDLE/INACTIVE are considered, PUSCH would be the target channel because PUSCH is the bottleneck channel.


3.4 Latency
It has been shown that power saving schemes based on adjustment of the duty cycle have a trade-off relationship between power consumption and latency. For example, if UE can sleep more time with the longer DRX cycle, the power consumption can be reduced, but the latency is increased. In this case, the latency due to the duty cycle can be removed by LP-WUS/WUR. So, the latency should be evaluated in the study and it can be defined as the time duration from the point that the gNB transmits LP-WUS to the point that main radio receives the PDSCH. 

Proposal 7: Latency is defined as the time duration from the point that the gNB transmits LP-WUS to the point that main radio receives the PDSCH.


4. Evaluation assumptions
In order to evaluate the detection performance and coverage of LP-WUS/WUR, link level simulations (LLSs) are needed. Evaluation assumptions including channel models in TR38.901 [6] can be reused for LLSs.

Proposal 8:  Evaluation assumptions in TR38.901 are reused for link level simulation.

On the other hand, potential UE power saving gains obtained from LP-WUS/WUR should be compared to existing Rel-15/16/17 UE power saving mechanisms according to SID [1]. Evaluation assumptions such as paging cycle, DRX cycle used in TR38.840 can be reused for LP-WUS/WUR in order to minimize the workload in this study item. 

Proposal 9: Evaluation assumptions in TR38.840 are reused for evaluation of UE power saving gain.



5. Conclusions
This contribution considered the evaluation aspects for the low power wake-up signal and receiver. 
The following proposals have been made:

Proposal 1: Add XR, smart glasses and smartphones as target use cases.

Proposal 2: Power consumption of LP-WUR should target to achieve hundreds of uW or below.

Proposal 3: The design of LP-WUS should strive to minimize the impact to the gNB.

Proposal 4: Power consumption model defined in TR38.840 is reused with the following enhancements for LP-WUR/WUS evaluation:
· Power unit needs to be defined for the cases that LP-WUR is on, LP-WUR detects LP-WUS, and LP-WUR wakes up the main radio; 
· A new state for the main radio needs to be defined for the case that the main radio is turned off;
· Transition time and power unit need to be defined for transition between the off state of the main radio and other states.

Proposal 5: Target probabilities of false alarm and misdetection should be determined based on their impact on the latency and the power consumption.

Proposal 6: Coverage of LP-WUS/WUR should be similar to that of main radio.

Proposal 7: Latency is defined as the time duration from the point that the gNB transmits LP-WUS to the point that main radio receives the PDSCH.

Proposal 8:  Evaluation assumptions in TR38.901 are reused for link level simulation.

Proposal 9: Evaluation assumptions in TR38.840 are reused for evaluation of UE power saving gain.
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