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[bookmark: _Toc116995841]Introduction
In this paper, we present our views on pending issues that were identified in the RAN4#108-bis WG meeting [1].
[bookmark: _Toc116995842]Discussion
UE Noise Figure
[bookmark: _Hlk149915245]For deriving the NF for OOK based LP-WUR architectures, suitable receiver components are considered for proper envelope detection of OOK signal. Further, there is a tradeoff between the noise figure and power consumption. Considering this, for Zero-IF/Low-IF architecture the NF can be assumed to be around 9dB. While for IF Envelope architecture, we could use ~10dB NF, and for RF envelope detector the NF can be considered to be 30dB. For an OFDM based WUR, whether time-domain correlator or frequency-domain correlator, the noise performance is not far from the standard OFDM receiver. Thus, for both set of WUR architectures the NF can be assumed to be 9 dB.
1. [bookmark: _Toc149929784]The above assumed NF for each OOK based LP-WUR architecture is derived considering the minimum detection performance of the envelope detectors and the trade-off between power consumption and coverage.
[bookmark: _Toc149929785]NF for Zero-IF/Low-IF BB envelope detector architecture can be assumed to be 9 dB. 
[bookmark: _Toc149929786]NF for heterodyne IF envelope detector architecture can be assumed to be 10 dB. 
[bookmark: _Toc149929787]NF for RF envelope detector architecture can be assumed to be 30 dB. 
[bookmark: _Toc149929788]NF for OFDM based WUR (frequency or time domain correlator) architecture can be assumed to be 9 dB.
WUS power boosting
With respect to the downlink power level of the WUS, the overall transmitted power from the BS should remain the same. This means that the WUS cannot be increased without lowering the power of the NR signal transmitted simultaneously.  The problem is illustrated in Figure 1. To keep the target power for the full NR Band the NR signal (or part of the NR band) needs to be reduced in power to keep the overall power level when the WUS is increased in power. This will affect the general NR performance.
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[bookmark: _Ref146704319]Figure 1 Illustration of the NR+WUS downlink signal. The upper part of the figure illustrates the WUS signal increased in power and one of the NR frequency parts has been lowered to keep the overall same power level. The lower part of the figure illustrates all NR+ WUS with max power over full band.
To keep the overall maximum power level same for the BS, an alternative to the power boost of the WUS could be power pulling.  Listed below are the possible power pulling options for the discussed three OOK waveforms:
· OOK-1 (M=1): No power pulling is possible (Power increase = 0dB)
· OOK-2 (M=2): For the constellation 1-0 or 0-1 the power pulling can be 3dB.
· OOK-4 (M=2): For the constellation 1-0 or 0-1 the power pulling can be 3dB.
In Figure 3, a sequence consisting of 1-0-1-0.. and so forth is illustrated for OOK-1 with M=1 and for OOK-2/OOK-4 with M=2 during a NR slot. Manchester coding is not considered here. For OOK-1, one WUS symbol is transmitted for each NR symbol. This means that power pulling is not possible for the WUS signal. Instead, the NR data can be increased during the “zero” transmission. For OOK-2/OOK-4 with M=2, the energy in the zero sections can be moved to the “one” section within the NR symbols.  However, if 1-1 is send within the same NR symbol, power pulling will not be possible.
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[bookmark: _Ref146720465]Figure 3 Example of power pulling for a 1-0-1-0… sequence for OOK-2/OOK-4.
[bookmark: _Toc146726471][bookmark: _Toc149929789]For modulation type OOK-2 and OOK-4 with M=2, power can be increased up to 3dB without affecting the overall power budget for the BS.
[bookmark: _Toc146726472][bookmark: _Toc149929790]Do not use power boost as it will affect the overall power budget for the BS. 
[bookmark: _Toc146726473][bookmark: _Toc149929791]Power pulling of 3 dB can be used when possible (symbol constellation 1-0 and 0-1 for OOK-2 and OOK-4 with M=2).
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: The above assumed NF for each OOK based LP-WUR architecture is derived considering the minimum detection performance of the envelope detectors and the trade-off between power consumption and coverage.
Proposal 1: NF for Zero-IF/Low-IF BB envelope detector architecture can be assumed to be 9 dB.
Proposal 2: NF for heterodyne IF envelope detector architecture can be assumed to be 10 dB.
Proposal 3: NF for RF envelope detector architecture can be assumed to be 30 dB.
Proposal 4: NF for OFDM based WUR (frequency or time domain correlator) architecture can be assumed to be 9 dB.
Observation 2: For modulation type OOK-2 and OOK-4 with M=2, power can be increased up to 3dB without affecting the overall power budget for the BS.
Proposal 5: Do not use power boost as it will affect the overall power budget for the BS.
Proposal 6: Power pulling of 3 dB can be used when possible (symbol constellation 1-0 and 0-1 for OOK-2 and OOK-4 with M=2).
[bookmark: _Toc116995849]
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