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1. [bookmark: _GoBack]Introduction
The revised SID on low-power wake-up signal (WUS)/wake-up receiver (WUR) was approved in RAN#97-e [1] with the following objectives.
	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.


In this contribution, we provide our views on some remaining issues for evaluation to support LP-WUS.

2. Discussion

2.1. Target use case
The following agreement for target use cases was made in RAN1#112. 
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.


The most of characteristics of target use cases have been agreed but some were left as FFS. Regarding high speed of wearable and eMBB cases, we doubt how the discussion on that is reflected in this study. Considering the potential RRM measurement performed by LP-WUR discussed in AI 9.11.3, we are not sure how LP-WUR can perform RRM measurement to support mobility of high speed. For example, we have not yet discussed whether to support RRM measurement for neighbor cell. Furthermore, it is questionable whether LP-WUR can perform RRM measurement fast enough to support high mobility.
We believe the cases of IoT and wearable devices are not latency-sensitive but power-sensitive. To meet the battery life requirements, some possible functionality, e.g. paging or RRM measurement by LP-WUR, should be helpful for IoT and wearable cases by ensuring longer sleep time but shorter than eDRX. Power consumption can be reduced with tolerable latency. Also, explicitly stating latency requirements of each use case is helpful for evaluations whether the potential procedures based on LP-WUS can meet them.
From this perspective, we are fully supportive of considering latency requirements for the use cases in the study item.
Proposal 1: Update the following latency characteristic for target use cases.
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· latency-tolerable (e.g., the order of seconds)
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· latency- tolerable (e.g., the order of seconds)
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· latency-sensitive (e.g., the order of milliseconds)

2.2. Power model for MR ultra-deep sleep state
The following agreement was made in RAN1#112. 
	Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (15000, 400ms)
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.


Unlike wearable and IoT cases, MR structure for eMBB may be complicated and the required transition energy/time needs to be considered separately (i.e., a large ramp-up and down transition energy and ramp-up time are needed to be considered). Therefore, it would be helpful to show explicitly how much latency is required for evaluations of the potential procedures based on LP-WUS when latency-sensitive eMBB UE has a large transition energy and ramp-up time.
Proposal 2: Confirm Alt 2 of (Ramp-up and down transition energy, ramp-up time) for evaluation at least for FR1 MR ultra-deep sleep state.
· It can be used as an option only applicable for eMBB cases.

2.3. Different LP-WUS procedures for IDLE/INACTIVE and CONNECTED modes
Both IDLE/INACTIVE and CONNECTED modes are to be studied as part of the LP-WUS/LP-WUR SI. Obviously, the hardware of LP-WUR for IDLE/INACTVE and CONNECTED modes should not be different to reduce cost and complexity. UE should be able to detect both LP-WUS for IDLE/INACTIVE and CONNECTED modes by LP-WUR of the same structure. So, considering that, we believe the waveform and modulation should be unified for IDLE/INACTIVE and CONNECTED modes. However, the procedure for LP-WUS detection and possible functionalities can be different for IDLE/INACTIVE and CONNECTED modes. For example, LP-WUS for IDLE/INACTIVE mode can be used for paging or RRM measurement. This focuses on keeping the main radio of UE sleep longer. LP-WUS for CONNECTED mode can be mainly used for controlling UE’s PDCCH monitoring behavior. This focuses on reducing UE’s unnecessary PDCCH monitoring. Therefore, when deciding evaluation assumption/methodology and evaluating the LP-WUS performance, it may need to consider that LP-WUS for CONNECTED mode might be beneficial to be used for different purpose with different procedure from that for IDLE/INACTIVE mode.
Observation 1: When deciding evaluation assumption/methodology and evaluating the LP-WUS performance, it may need to consider that LP-WUS for CONNECTED mode might be beneficial to be used for different purpose with different procedure from that for IDLE/INACTIVE mode. 

2.4. False alarm rate
The agreement for LLS assumptions was made in RAN1#112 and the following is the part only for MDR/FAR assumption.
	Agreement
…
	MDR/FAR assumption
	· The miss-detection rate (MDR) of LP-WUS 1%,
· The false-alarm rate (FAR) of LP-WUS
· [0.1%, 1%]
· Other values are not precluded for studying, reported by companies
· Further discuss on the following alternatives for FAR target
· Alt 1: FAR target is determined per single WUS attempt/trial,
· Alt 2: FAR target is determined across a reference time duration of one or multiple WUS attempts/trials
· FFS: possible values for reference time durations
· Companies to report details, e.g., receiver behaviour, how to compute MDR, detection threshold
· Companies to report the selected reference time duration values and the associated number of WUS attempts/trials


…


Although there has been discussed extensively about how to define FAR for duty cycle based and continuous monitoring behaviors of LP-WUR, no consensus has been reached. 
Both alternatives of FAR are acceptable to us and either one can work. However, each alternative can be more suitable for different monitoring behavior of LP-WUR, respectively. For example, in case of duty cycle based monitoring, FAR can be calculated by Alt 1 because LP-WUR monitors LP-WUS by single attempt/trial with configured periodicity. Conversely, in case of continuous monitoring, Alt 2 can be more suitable because LP-WUR continuously monitors LP-WUS over time, so some reference time duration may be needed to defined. 
Of course, the vice-versa is also possible for each case. Alt 2 can be considered for FAR of duty cycle based monitoring with appropriately defined reference time duration. Alt 1 can be considered for FAR of continuous monitoring if single attempt/trial is acceptably defined.
We are open to discuss which alternative is used for each monitoring behavior. It is okay that only one alternative is used or both alternatives are used for two monitoring behavior of LP-WUR. However, for fair evaluation, FAR of one monitoring behavior should be calculated by only one alternative. It is undesirable to compare the FAR results of duty cycle-based monitoring under Alt 1 with other results under Alt 2.
Proposal 3: For evaluation, only one alternative for FAR should be considered for each monitoring behavior of LP-WUR.
· E.g., Alt 1 for duty cycle based monitoring and Alt 2 for continuous monitoring.

3. Conclusions
In this contribution, we provide our views on evaluation to support LP-WUS. Following proposals and observation are proposed for evaluation on LP-WUS:
Proposal 1: Update the following latency characteristic for target use cases.
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· latency-tolerable (e.g., the order of seconds)
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· latency- tolerable (e.g., the order of seconds)
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· latency-sensitive (e.g., the order of milliseconds)
Proposal 2: Confirm Alt 2 of (Ramp-up and down transition energy, ramp-up time) for evaluation at least for FR1 MR ultra-deep sleep state.
· It can be used as an option only applicable for eMBB cases.
Observation 1: When deciding evaluation assumption/methodology and evaluating the LP-WUS performance, it may need to consider that LP-WUS for CONNECTED mode might be beneficial to be used for different purpose with different procedure from that for IDLE/INACTIVE mode. 
Proposal 3: For evaluation, only one alternative for FAR should be considered for each monitoring behavior of LP-WUR.
· E.g., Alt 1 for duty cycle based monitoring and Alt 2 for continuous monitoring.
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