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Introduction
During the RAN 94e preparation phase discussion, the SID[1] on “New SID on low-power Wake-up Signal / Receiver” (RP-212733) was drafted after 3 rounds of discussion. The main work was focused on the justification and objectives. More specifically, the justification is shown as following:
	5G systems are designed and developed targeting for both mobile telephony and vertical use cases. Besides latency, reliability, and availability, UE energy efficiency is also critical to 5G. Currently, 5G devices may have to be recharged per week or day, depending on individual’s usage time. In general, 5G devices consume tens of milliwatts in RRC idle/inactive state and hundreds of milliwatts in RRC connected state. Designs to prolong battery life is a necessity for improving energy efficiency as well as for better user experience. 
Energy efficiency is even more critical for UEs without a continuous energy source, e.g., UEs using small rechargeable and single coin cell batteries. Among vertical use cases, sensors and actuators are deployed extensively for monitoring, measuring, charging, etc. Generally, their batteries are not rechargeable and expected to last at least few years as described in [TR 38.875]. Wearables include smart watches, rings, eHealth related devices, and medical monitoring devices. With typical battery capacity, it is challenging to sustain up to 1-2 weeks as required. 
The power consumption depends on the configured length of wake-up periods, e.g., paging cycle. To meet the battery life requirements above, eDRX cycle with large value is expected to be used, resulting in high latency, which is not suitable for such services with requirements of both long battery life and low latency. For example, in fire detection and extinguishment use case, fire shutters shall be closed and fire sprinklers shall be turned on by the actuators within 1 to 2 seconds from the time the fire is detected by sensors, long eDRX cycle cannot meet the delay requirements. eDRX is apparently not suitable for latency-critical use cases. Thus, the intention is to study ultra-low power mechanism with lower latency than eDRX in Rel-18.
Currently, UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in RRC idle/inactive state. If UEs are able to wake up only when they are triggered, e.g., paging, power consumption could be dramatically reduced. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on.
The power consumption for monitoring wake-up signal depends on the wake-up signal design and the hardware module of the wake-up receiver used for signal detecting and processing. 


And the objectives are shown as follows:
	The study should primarily target low-power WUS/WUR required by IoT use cases, i.e., power-sensitive, small form-factor devices such as industrial sensors or controllers. Other use cases are not precluded. 
As opposed to the work on UE power savings in previous releases, this study will not require existing signals to be used as WUS. All WUS solutions identified shall be fully backward compatible. Solutions should give justifiable gains compared to the existing Rel-15/16/17 UE power saving mechanisms. Aspects such as UE power consumption, detection performance, coverage, UE complexity, should be covered by the evaluation.
The study item includes the following objectives:
· Identify use cases, evaluation methodology & KPIs [RAN1]
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support low power wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the detection of low power wake-up signals  [RAN2, RAN1] 
· Study potential system impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity, latency, and gains compared to the existing Rel-15/16/17 UE power saving mechanisms [RAN1, RAN2]



Based on the progress achieved in the preparation phase, in this contribution, we provide a detailed analysis on the SID scope of low-power WUS signal.
Discussion
In the third paragraph of justification part, according to the description, “eDRX is apparently not suitable for latency-critical use cases. Thus, the intention is to study ultra-low power mechanism with low latency in Rel-18.”, the low power WUS should be with low latency. However, the meaning of low latency is not so clear. For example, the low latency required by URLLC is several milliseconds. And the low power WUS does not require stricter latency than URLLC due to the wake-up time. It is understood that the low-power WUS is expected to provide earlier wake-up than eDRX considering the context. Therefore, we have the following proposal.
Proposal 1: the text in the third paragraph of justification part is modified as follows
· eDRX is apparently not suitable for latency-critical use cases. Thus, the intention is to study ultra-low power mechanism with lower latency than eDRX in Rel-18.
Additionally, in the second paragraph of objective part, the solutions of low power WUS should give justifiable gains compared to the existing Rel-15/16/17 UE power saving mechanisms. Moreover, even the justifiable gains are provided, significant impact on network, (e.g., network capacity) and legacy UE (e.g., coexistence with legacy UE) are not expected after introducing the low power WUS. Therefore, we have the following proposal:
Proposal 2: add the following text in the second paragraph of objective part
· the impact on network (e.g., network capacity) and legacy UE (e.g., coexistence with legacy UE) should be minimized.
Legacy UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in RRC idle/inactive state. The low power WUS can be used to start the main radio receiver when the UEs need to be woken up. Therefore, unnecessary wake-up for the UE can be avoided and power saving can be achieved especially for idle/inactive state. In RRC connected mode, the low power WUS seems to be inappropriate since the traffic is frequent and the RRM measurement requirement cannot be satisfied if low power WUS is applied. Therefore, it is suggested to focus on the study of the low-power WUS on the RRC idle/inactive state. 
Proposal 3: low power WUS should focus on RRC idle/inactive state and the following text modification in the objective part is proposed
· The study should primarily target low-power WUS/WUR in RRC idle/inactive state required by IoT use cases
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the detection of low power wake-up signals in RRC idle/inactive state [RAN2, RAN1] 
Based on the above modification, together with some other editorial issues, the following text proposal package is provided.
	5G systems are designed and developed targeting for both mobile telephony and vertical use cases. Besides latency, reliability, and availability, UE energy efficiency is also critical to 5G. Currently, 5G devices may have to be recharged per week or day, depending on individual’s usage time. In general, 5G devices consume tens of milliwatts in RRC idle/inactive state and hundreds of milliwatts in RRC connected state. Designs to prolong battery life is a necessity for improving energy efficiency as well as for better user experience. 
Energy efficiency is even more critical for UEs without a continuous energy source, e.g., UEs using small rechargeable and single coin cell batteries. Among vertical use cases, sensors and actuators are deployed extensively for monitoring, measuring, charging, etc. Generally, their batteries are not rechargeable and expected to last at least few years as described in [TR 38.875]. Wearables include smart watches, rings, eHealth related devices, and medical monitoring devices. With typical battery capacity, it is challenging to sustain up to 1-2 weeks as required. 
[bookmark: _GoBack]The power consumption depends on the configured length of wake-up periods, e.g., paging cycle. To meet the battery life requirements above, eDRX cycle with large value is expected to be used, resulting in high latency, which is not suitable for such services with requirements of both long battery life and low latency. For example, in fire detection and extinguishment use case, fire shutters shall be closed and fire sprinklers shall be turned on by the actuators within 1 to 2 seconds from the time the fire is detected by sensors, long eDRX cycle cannot meet the delay requirements. eDRX is apparently not suitable for latency-critical use cases. Thus, the intention is to study ultra-low power mechanism with lower latency than eDRX in Rel-18.
Currently, UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in RRC idle/inactive state. If UEs are able to wake up only when they are triggered, e.g., paging, power consumption could be dramatically reduced. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on.
The power consumption for monitoring wake-up signal depends on the wake-up signal design and the hardware module of the wake-up receiver used for signal detecting and processing. 



	The study should primarily target low-power WUS/WUR in RRC idle/inactive state required by IoT use cases, i.e., power-sensitive, small form-factor devices such as industrial sensors or controllers. Other use cases are not precluded. 
As opposed to the work on UE power savings in previous releases, this study will not require existing signals to be used as WUS. All WUS solutions identified shall be fully backward compatible. Solutions should give justifiable gains compared to the existing Rel-15/16/17 UE power saving mechanisms. The impact on network (e.g., network capacity) and legacy UE (e.g., coexistence with legacy UE) should be minimized. Aspects such as UE power consumption, detection performance, coverage, UE complexity, should be covered by the evaluation.
The study item includes the following objectives:
· Identify use cases, evaluation methodology & KPIs [RAN1]
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support low power wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the detection of low power wake-up signals in RRC idle/inactive state [RAN2, RAN1] 
· Study potential system impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity, latency, and gains compared to the existing Rel-15/16/17 UE power saving mechanisms [RAN1, RAN2]





Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: the text in the third paragraph of justification part is modified as follows
· eDRX is apparently not suitable for latency-critical use cases. Thus, the intention is to study ultra-low power mechanism with lower latency than eDRX in Rel-18.
Proposal 2: add the following text in the second paragraph of objective part
· the impact on network (e.g., network capacity) and legacy UE (e.g., coexistence with legacy UE) should be minimized.
Proposal 3: low power WUS should focus on RRC idle/inactive state and the following text modification in the objective part is proposed
· The study should primarily target low-power WUS/WUR in RRC idle/inactive state required by IoT use cases
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the detection of low power wake-up signals in RRC idle/inactive state [RAN2, RAN1] 
Based on the proposals, together with some other editorial issues, a text proposal package with tracking is provided above.
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