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Background

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 phones/wearables may have to be recharged per day or even several hours, depending on individual’s usage time. In general, 5G phones 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. Also, for sidelink communication, there are many commercial use cases besides vehicles, e.g. direct communication between AR/VR devices, or between smart phones and smart watches, therefore there is also a need for long battery life. 

Furthermore, energy efficiency is more critical for UEs without a reliable 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, changing, and etc. Generally, their batteries are not rechargeable and expected to last at least few years as described in TR 38.875: 
Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

Battery life requirement is also listed for some vertical use cases in TS 22.261, e.g., in asset tracking (outdoor), by using less than 1800 mWh of battery capacity, long lifetime without changing battery (typically 10-15 years) is expected to be sustained with accuracy of 1-30 m horizontal (depending on use cases and coverage area) and availability of 99%. And, in low power high accuracy positioning use case, with positioning interval/duty cycle setting to “on request’, battery life time of 24months is expected to be sustained with accuracy of 10m.  
Similarly, the requirements of battery life for wearables using small rechargeable batteries are described in TR 38.875:

Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

Wearables include smart watches, rings, eHealth related devices, and medical monitoring devices. With typical battery capacity varying from 700mWh to 2100mWh, 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. Thus, the intention is to study ultra-low power mechanism with low latency 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 wake-up signal to trigger main radio and an separate receiver which continuously monitors 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(see Figure 1).
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Figure 1 ultra-low power UE wake up

The power consumption for monitoring wake-up signal depends on the wake-up signal design and the hardware module of the auxiliary receiver used for signal detecting and processing. Passive envelope detector can shut down the power consumption 100x-1000x times, i.e., 0.01~0.1 milliwatts. This can be achieved by OOK waveform which may require simple energy accumulation and comparator as well as other simplified designs. Thus, the power consumption is able to be reduced to an extreme low level which can be applied to many battery-driven cases. However, envelope detection may cause some sensitivity degradation, e.g., down to 60 dBm~80dBm, and how to deal with the sensitivity degradation can be studied further. As the ultra-low power receiver for receiving wake-up signal can be separated with main radio, it can be versatile to wake up multiple systems, e.g., NR, LTE, sidelink, LTE-M, and NB-IOT. 
Both out-band and in-band operation work for ultra-low power wake-up receiver is useful. A dedicated carrier for wake-up signal purpose only may cause low resource efficiency and inflexible for operator to deploy. To support the scenario where wake-up signal and legacy system are deployed in one carrier, the coexistence of wake-up signal and legacy signal/channel should be further studied.
A summary of the characteristics of the ultra-low power receiver and wake-up signal for cellular network is as follows,

Table 1: Summary of characteristics of the ultra-low power receiver and wake-up signal
	
	Questions 
	views

	(1)
	Investigate ultra-low-power wake-up mechanism applicable for all UE types 
	Yes, including IoT, consumer electronics, smartphone for study item stage.

	(2)
	Mobility support of AZP WUR for low speed, nomadic, …
	Not limited to stationary scenario, others like, nomadic, low-mobility scenario is also considered. 
•Option 1: no measurement, applicable for certain scenarios for example based on BS type
•Option 2: relaxed measurement, applicable for certain scenarios based on cell type, low mobility and so on.
•Option 3: design new low power RS for such measurement for RRM, the measurement can be operated by this separate WUS receiver.

	(3)
	RRC state support
	The ultra-low power wake-up signal/receiver is mainly proposed for reducing power consumption in idle/inactive state. 
Some companies ask whether it can be useful for CONNECTED mode and FFS

	(4)
	“warm-up time” for main radio by wake-up indication need to be addressed
	The latency will be slightly increased due to ‘warm-up time’, including hardware turning on, synchronization, paging reception and etc. 
The overall latency from ‘incoming paging’ to ‘connection establishment accomplished’ does not change much.  

	(5)
	New waveform or new sequence
	The waveform design is UE hardware specific and need further investigation. On-off-keying and envelope detector require simple energy accumulation and comparator as well as other simplified designs. Thus, the power consumption is able to be reduced to an extreme low level (e.g., <100uW or several tens of uW) which can be applied to many battery-driven cases.

	(6)
	Cost
	Additional hardware cost is also very important to take into consideration. A simple envelop detector receiver, can be used. From literature, the size of such receiver based on 65nm CMOS can be designed as small as 1mm * 1mm. The chipset cost can be estimated based on the die size. And it is expected that the cost increase is marginal for such a small die size. We can further discuss the cost in the study item.

	(7)
	Trade-off between power consumption, sensitivity and data rate.
	We think a scalable design is important to be considered.
•Sensitivity vs. Power Consumption
•The supply voltage varies in a range thus the receiver sensitivity is impacted
•Usage of LNA can improve the receiver sensitivity but largely increase power 
•Data Rate vs. Power Consumption
•Lower down the sampling rate (gross data rate) thus less power consumption is expected
•Dara rate vs. Sensitivity
•Using spreading techniques to increase the reliability
•Using coding techniques to ensure reliability 

	(8)
	Differences to Rel-17 PEI. 
	For AZP WUS, the wake up receiver is used to receive WUS only. The main radio can be switched off or in deep sleep when no data to transmit or receive, while the wake up receiver can always monitor the AZP WUS. The main radio only wakes up when there is an on-demand wake up.

	(9)
	Co-exsist with legacy signal/channel
	Considering the Rel-18 LP-WUS is an add-on for Rel-18 UEs and may be received by another receiver in order to save power. A new waveform, e.g., OOK is useful to achieve this. All WUS solutions identified shall be able to fully co-exist with legacy NR signal and channels.


Rel-18 3GPP discussion for Low-Power WUR/WUS

Before and During Rel-18 Workshop in June 2021

Vivo Proposed to studied low power wake-up signal [1] in Rel-18 during the March RAN_plenary meeting and Rel-18 Workshop [2] in June meeting.  Many companies expressed positive intentions during NWM discussion in Rel-18 WS. And related tdocs from email discussion summaries: RWS-210647[3] Email discussion summary for [RAN-R18-WS-crossFunc-vivo].

Pre-RAN#93 discussion in Aug 2021

Low Power Wake-up signal has being part of the tasks listed in sub-bullet for thread (UE Power Saving) and (Redcap) in Rel-18 WS summary.

Vivo has proposed an updated study item proposal to include the study areas for low-power wake-up receiver/signals [4]

 REF _Ref21257 \r \h [5].
Moderators (Thread 14) summary stated that companies are generally positive on UE power savings but there are few companies questioning the need of a separate SI/WI. Majority preferred a separate SI/WI. Proposal to introduce enhancements based on ultra-low power UE receiver and wake up signal has received strong support. However, there were a number of companies questioning the benefit/feasibility of this proposal.

Pre-RAN#94 discussion in Oct 2021

Low Power Wake-up signal has being an important and separate discussion agenda (section 2.4) in Redcap. It gains widely support from industrial to have a seperate SI in Rel-18. And the moderator suggest to approve the SID on “Study on low-power wake-up signal / receiver” (RP-212733) [6] at RAN#94.

Revised SID based on RP-212733
Please see annex 1 of a revised SID based on RP-212733. In the Objective Part. It is suggested as follows,

------------ Start of Content ------------ 
4.1
Objective of SI 
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 or wearables. 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 able to fully co-exist with legacy NR signals and channelsbackward 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 wake-up receivers [RAN1, RAN4] 
Study and evaluate L1 procedures and higher layer protocol changes needed to support the detection of 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]

------------ End of Content ------------ 
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