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1. [bookmark: _Toc120549591]Introduction
As the SID in RP-222145[1], the study should 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, e.g.XR/smart glasses, smart phones.
In this contribution, the evaluation methodology and the applicable scenarios for low-power WUR will be discussed.
2. Evaluation methodology for low-power WUR
2.1 Power Consumption
As indicated in the snapshot below from [2], the measured results show that the proposed low-power dual-mode receiver achieves a sensitivity of 78.5 dBm and 75 dBm while dissipating an average power of 16.4uW and 22.9uW during Monitoring (MO) mode and Identifier (ID) mode, respectively.
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As indicated in the snapshot below from [3], the measured results show that a WuRX that achieves -76dBm sensitivity in the 151.8MHz MURS band and -71dBm sensitivity in the 433MHz ISM band while consuming 7.4nW dc power.
[image: ]
In the examples above, the “core parts” of the low-power WUR includes VCO/Oscillator, IF Amp, Envelop Detector, BB Amplifier, Digital Circuit, Bias, etc.
However, in the real world outside lab, to enable the low-power WUR to work well, besides the “core parts”, quite a lot other “assisted parts” are also needed, including PMIC, Bandgap voltage reference, GPIO, etc. To add all these necessary power consumption up, the total power consumption will be much higher.
[image: 5d705c3f5a9046201e9c92053da179f]
Take a typical Bluetooth current consumption for example shown in the table above,
· When in “BLE scan” operating mode, the current consumption is 871.2uW(=152uA*3.6V+180uA*1.8V)

[image: ]
Take BCM43455 Bluetooth 4.1 current consumption for example shown in the table above, with VBAT = 3.6V and VDDIO = 1.8V
· When in “BLE scan” operating mode, the current consumption is 1.18mW(=179uA*3.6V+296uA*1.8V)
Observation 1: In the real world outside lab, “assisted parts” also need to be considered for low-power WUR. And the total power consumption of low-power WUR might be high up to the order of hundreds of uW or even mW, which is much higher than the power consumption of the “core parts” only.
Proposal 1: When evaluating the power consumption of low-power WUR, both the power consumption of the “core parts” and the “assisted parts” shall be taken into consideration, including VCO/Oscillator, IF Amp, Envelop Detector, BB Amplifier, Digital Circuit, Bias, PMIC, Bandgap voltage reference, GPIO, etc.
2.2 Periodic Services
As indicated in the revised SID[1], “Currently, UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in periods with no signalling or data traffic. 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.”
Once the main radio to be turned off or set to deep sleep, the transient period may be increased high up to more than 10ms due to the main radio “warm-up time”, including hardware turning on, synchronization (Oscillator coarse sync & fine Sync) and etc.
Observation 2: The transient period may be high up to the order of 10ms when the main radio to be turned on from the status of “turned off” or “deep sleep”. 
Proposal 2: The transient period between “main radio turned on” and “main radio turned off/deep sleep” shall be taken into consideration in the evaluation methodology.
3. Analysis on the applicable scenarios for low-power WUR
3.1 Less applicable areas
[bookmark: _GoBack]As indicated in the table below from [4], low-power receivers have much smaller communication distance corresponding to the worse sensitivity.
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Take a single base station for example, compared with the existing Rel-15/Rel-16/Rel-17 receiver, low-power WUR with worse sensitivity has smaller available communication distance. If low-power WUR would enjoy the same communication distance as the existing Rel-15/Rel-16/Rel-17 receiver, increased densities of base stations would be needed which will cost more energy consumption from network side. This goes against the green energy saving target.
Observation 3: With the existing Rel-15/Rel-16/Rel-17 5G NR network deployment, compared with the sensitivity of the main radio, low-power WUR with worse sensitivity has less applicable areas.

3.2 Band specific low-power WUR
As indicated in the snapshots below from [5], both Receiver Architecture A and Receiver Architecture B are band specific. If more bands are needed to be supported by main radio, more simultaneously active RF paths may be needed in low-power WUR, which will increase the die area/complexity/cost and decrease the benefits of power saving proportionally.
[image: ][image: ]

Observation 4: To balance among the die area/benefits of power saving/complexity/cost, etc., the less bands supported, the more benefits can be obtained from the low-power WUR solution.
Proposal 3: Observation 3 and Observation 4 shall be taken into consideration when analyzing the applicable scenarios for low-power WUR.
4. Conclusions
In this contribution, the evaluation methodology and applicable scenarios for low power WUR will be discussed.
Observation 1: In the real world outside lab, “assisted parts” also need to be considered for low-power WUR. And the total power consumption of low-power WUR might be high up to the order of hundreds of uW or even mW, which is much higher than the power consumption of the “core parts” only. 
Proposal 1: When evaluating the power consumption of low-power WUR, both the power consumption of the “core parts” and the “assisted parts” shall be taken into consideration, including VCO/Oscillator, IF Amp, Envelop Detector, BB Amplifier, Digital Circuit, Bias, PMIC, Bandgap voltage reference, GPIO, etc.

Observation 2: The transient period may be high up to the order of 10ms when the main radio to be turned on from the status of “turned off” or “deep sleep”. 
Proposal 2: The transient period between “main radio turned on” and “main radio turned off/deep sleep” shall be taken into consideration in the evaluation methodology.

Observation 3: With the existing Rel-15/Rel-16/Rel-17 5G NR network deployment, compared with the sensitivity of the main radio, low-power WUR with worse sensitivity has less applicable areas.
Observation 4: To balance among the die area/benefits of power saving/complexity/cost, etc., the less bands supported, the more benefits can be obtained from the low-power WUR solution.
Proposal 3: Observation 3 and Observation 4 shall be taken into consideration when analyzing the applicable scenarios for low-power WUR.
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Table 1.
Requirements for low-power receivers.

Communication Power

Distance Sensitivity Consumption Data Rate Delay Payload Size
Aeronautical case 10m —80dBm 100 pW 250 kb/s 200 ms 10 to 100 byte
WBAN im —40dBm 10puwW 1000 kb/s 1000 ms 510 4000 byte
Smart metering 15m —75dBm 100 pW 10kb/s 500 ms 10 to 100 byte
Industrial 100m —85dBm 200 pW 250kb/s 25ms 10 to 200 byte
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Figure 29.2.2: Receiver block diagram.
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TABLE 1

POWER DISSIPATION BREAKDOWN FOR INDIVIDUAL BLOCKS
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Fig. 15. Photo of the wake-up receiver chip.
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Figure 28.6.1: Block diagram of the wakeup receiver showing waveforms from
RF input through digital wakeup output.
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Table 34: Bluetooth and BLE Current Consumption

Operating Mode VBAT (VBAT = 3.6V)Typical VDDIO (VDDIO = 1.8V) Typical Units
Sleep 38 168 HA
Standard 1.28s inquiry scan 205 180 HA
500 ms sniff master 190 180 HA
DM1/DH1 14 0.28 mA
DM3/DH3 17 0.28 mA
DM5/DH5 19 0.28 mA
3DH5/3DH1 master 1% 0.28 mA
HV3 SCO 7 0.20 mA
BLE scan 152 180 HA
BLE adv. unconnectable 1s 130 180 HA
BLE connected 1s 107 180 HA
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Table 52: Bluetooth and BLE Current Consumption

Operating Mode VBAT VDDIO Units
Sleep 6 295 HA
Standard 1.28s Inquiry Scan 153 294 HA
500 ms Sniff Master 216 291 HA
DM1/DH1 Master 23.9 0.155 mA
DM3/DH3 Master 29.1 0.164 mA
DM5/DH5 Master 29.8 0.166 mA
3DH5/3DH1 Master 24.8 0.210 mA
SCO HV3 Master 1.5 0.166 mA
_a 179 296 HA
BLE Adv—Unconnectable 1.00 sec 69 295 pA
BLE Connected 1 sec 1960 146 pA

a. Nodevices present. A 1.28 second interval with a scan window of 11.25 ms.




