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1. [bookmark: _Toc136521997]Introduction
This document provides draft TP for the analysis of LP-WUR architecture. The folder for collecting the analysis results is:
https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_114/Inbox/drafts/9.11(FS_NR_LPWUS)/9.11.2%20architecture/analysis%20result%20collection
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[bookmark: _Toc134692269][bookmark: _Toc127570620]7	LP-WUR and LP-WUS Design
[bookmark: _Toc134692270][bookmark: _Toc127570621][bookmark: _Toc101357117]7.1	LP-WUS receiver architectures

[bookmark: _Toc134692271][bookmark: _Toc127570622]7.1.1a Analysis of LP-WUR architectures
For the analysis of different LP-WUR receiver types, at least the following aspects have been considered, and the corresponding power consumption and noise figure have been estimated.
· Assumed modulation/waveform/coding
· Presence of a RF LNA / IF AMP / BB AMP, and the corresponding gain, if any
· Local oscillator
· Type of oscillator and the corresponding frequency accuracy/drifting
· Handling of time/frequency impairments (e.g. synchronization signal processing and time/frequency synchronization for LP-WUR)
· Presence of PLL or FLL
· ADC: sampling rate, bit-width
· Assumed signal bandwidth and guard band, and frequency location within a carrier (including whether it is fixed or can be flexible)
· RF/IF/BB filter characteristics (e.g. type of filter, order, cut-off frequency/frequencies), if any
· Baseband processing (e.g., sequence correlation detection / decoding, other signal processing, if any)
· Assumed frequency band(s) and the support of band and/or carrier tuning
· Duty cycle handling of WUS and other signals (if any)
· Interference rejection capability (including both adjacent-channel interference and interference from adjacent subcarriers occupied by legacy NR signals or other LP WUS)
· Handling of inter-cell interference
· Whether there is any mobility support function, e.g. measurement capability

The results are summarized for each receiver architecture considering different waveform candidates (more details can be found in Annex xxx and the references). The analysis is very high level, and the actual power consumption and noise figure are very implementation specific. Note that the power consumption is provided in relative unit, relative to the deep sleep state of the MR for a non-RedCap UE.
For the analysis, 
FR1 is considered.
Most sources assumed RF LNA is present for improved sensitivity.
For LP-WUS bandwidth, most sources consider at least 5MHz. Some sources think the analysis is also applicable to bandwidth up to 20MHz.

[bookmark: _Toc134692286]7.1.1a.1	OOK-1/2/4
7.1.1a.1.1	RF envelopenvelope detection
For OOK-1/2/4 with RF envelope detection, some6 sources ([7.1-1] [7.1-2] [7.1-3] [7.1-4] [7.1-5] [7.1-6]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-1.
· The relative power consumption for ON state is in the range of 0.01~0.2.
· The noise figure is in the range of [12~220] dB.

Table 7.1.1a-1 Relative power consumption and noise figure for OOK-1/2/4 with RF envelopenvelope detection

	Source reference
	Huawei[7.1-1]
	InterDigital[7.1-2]
	vivo[7.1-3]
	CATT[7.1-4]
	ZTE[7.1-5]
	Samsung[7.1-6]

	Power consumption
(ON state)
	0.05 for single-branch, 0.01 for each additional branch
	0.01
	0.01~0.1
	0.01
	0.01~0.1
	0.05~/0.1/0.2

	Noise figure (dB)
	20
	17~22
	[12-18]
	20
	15
	20



[bookmark: _Toc134692273][bookmark: _Toc127570624]7.1.1a.1.2	Heterodyne architecture with IF envelope detection
For OOK-1/2/4 with heterodyne architecture with IF envelope detection, some sources ([7.1-1] [7.1-2] [7.1-3] [7.1-4] [7.1-5] [7.1-6] [7.1-7] [7.1-8]) 7 sources provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-2.
· The relative power consumption for ON state is in the range of [0.1~104].
· The noise figure is in the range of [9~15] dB.

Table 7.1.1a-2 Relative power consumption and noise figure for OOK-1/2/4 with heterodyne architecture with IF envelope detection
	Source reference
	Huawei[7.1-1]
	InterDigital[7.1-2]
	vivo[7.1-3]
	CATT[7.1-4]
	ZTE[7.1-5]
	Samsung[7.1-6]
	Samsung[7.1-6]
	[7.1-7]
	QC[7.1-8]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 for each additional branch
	0.5
	0.1~1
	0.1
	0.1~1
	1
	1~2/4
	0.1~0.5
	[4~10]

	Noise figure (dB)
	15
	10~15
	[9-15]
	15
	12
	15
	12~15
	12~15
	[15]




[bookmark: _Toc134692274][bookmark: _Toc127570625]7.1.1a.1.3	Homodyne/zero-IF architecture with baseband envelope detection
For OOK-1/2/4 with homodyne/zero-IF architecture with baseband envelope detection, some sources ([7.1-1] [7.1-2] [7.1-3] [7.1-4] [7.1-5] [7.1-6] [7.1-7] [7.1-8] [7.1-9] [7.1-10]) 9 sources provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-3.
· The relative power consumption for ON state is in the range of 0.05~10.
· The noise figure is in the range of [10~16] dB.

Table 7.1.1a-3 Relative power consumption and noise figure for OOK-1/2/4 with homodyne/zero-IF architecture with baseband envelope detection
	Source reference
	Huawei[7.1-1]
	InterDigital[7.1-2]
	vivo[7.1-3]
	CATT[7.1-4]
	ZTE[7.1-5]
	Samsung[7.1-6]
	Ericsson[7.1-7]
	[7.1-8]
	[7.1-9]
	MTK[7.1-10]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 or 0.02 for each additional branch
	0.5
	0.1~1
	0.1
	0.05~
0.5
	0.5 ~or 1
	0.1~0.5
	4~10
	~1
	0.1~0.5

	Noise figure (dB)
	15
	10~15
	[10-16]
	15
	12
	15
	12~15
	15
	~15
	12



7.1.1a.2	FSK
7.1.1a.2.1	Parallel RF envelopenvelope detection
For FSK with parallel RF envelopenvelope detection, 2 some sources ([7.1-1] [7.1-4]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-4.

Table 7.1.1a-4 Relative power consumption and noise figure for FSK with parallel RF envelopenvelope detection 
	Source reference
	Huawei[7.1-1]
	CATT[7.1-4]

	Power consumption
(ON state)
	0.05 for single-branch, 0.01 for each additional branch
	0.01

	Noise figure (dB)
	20
	20



7.1.1a.2.1	Parallel heterodyne architecture
For FSK with parallel heterodyne architecture, 5 some sources ([7.1-1] [7.1-2] [7.1-3] [7.1-4]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-5.
· The relative power consumption for ON state is in the range of 0.1~1.
· The noise figure is in the range of [9~15] dB.

Table 7.1.1a-5 Relative power consumption and noise figure for FSK with parallel heterodyne architecture 
	Source reference
	Huawei[7.1-1]
	[7.1-2]
	vivo[7.1-3]
	CATT[7.1-4]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 for each additional branch
	0.5
	0.1~1
	0.1

	Noise figure (dB)
	15
	10~15
	[9~15]
	15



7.1.1a.2.2	Parallel homodyne architecture
For FSK with parallel homodyne architecture, some sources ([7.1-1] [7.1-2] [7.1-3] [7.1-4]) 4 sources provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-6.
· The relative power consumption for ON state is in the range of 0.1~1.
· The noise figure is in the range of 10~16 dB.

Table 7.1.1a-6 Relative power consumption and noise figure for FSK with parallel homodyne architecture
	Source reference
	[7.1-1]
	[7.1-2]
	vivo[7.1-3]
	CATT[7.1-4]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 for each additional branch
	0.5
	0.1~1
	0.1

	Noise figure (dB)
	15
	10~15
	[10~16]
	15



7.1.1a.2.3	Heterodyne architecture with frequency to amplitude conversion
For FSK with heterodyne architecture with frequency to amplitude conversion, 2 some sources ([7.1-1] [7.1-3]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-7.
Table 7.1.1a-7 Relative power consumption and noise figure for FSK with heterodyne architecture with frequency to amplitude conversion 
	Source reference
	Huawei [7.1-1] (for SC-FSK)
	vivo[7.1-3]

	Power consumption
(ON state)
	0.1
	1

	Noise figure (dB)
	15
	TBD


7.1.1a.2.4	Homodyne architecture with frequency to amplitude conversion
For FSK with homodyne architecture with frequency to amplitude conversion, 1 source (Huawei[7.1-1]) estimateds that for SC-FSK, the relative power consumption for ON state is 0.1, and the noise figure is 15dB.
7.1.1a.3	OFDMA-based signal
For OFDMA-based signal, companies have considered sequence-based signal, where the LP WUR performs either time-domain correlation without FFT or frequency-domain correlation after FFT.
7.1.1a.3.1	Time-domain correlation (without FFT)
For OFDM-based signal with time-domain correlation, 6 some sources ([7.1-1] [7.1-3] [7.1-5] [7.1-6] [7.1-7] [7.1-8] [7.1-9]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-8.
· The relative power consumption for ON state is in the range of 0.15~30.
· The noise figure is in the range of 7~25 dB.

Table 7.1.1a-8 Relative power consumption and noise figure for OFDM-based signal with time-domain correlation
	Source reference
	Huawei[7.1-1]
	[7.1-3]
	ZTE[7.1-5]
	[7.1-6]
	[7.1-7]
	[7.1-8]
	Apple[7.1-9]

	Power consumption
(ON state)
	0.15~0.2
	10
	10~20
	10~30
	1~5
	20~30
	~5

	Noise figure (dB)
	15
	9.5
	9.5 or 12
	9
	7~10
	9
	15~25



7.1.1a.3.2	Frequency-domain correlation (with FFT)
For OFDM-based signal with frequency-domain correlation, some[5] sources ([7.1-2] [7.1-3] [7.1-5] [7.1-7] [7.1-10]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-9.
· The relative power consumption for ON state is in the range of [1~30].
· The noise figure is in the range of 7~12 dB.
Note that the relative power consumption of SSB processing for a NR RedCap UE with 20MHz and 1Rx is 35 according to the UE power model in [3].
Table 7.1.1a-9 Relative power consumption and noise figure for OFDM-based signal with frequency-domain correlation
	Source reference
	[7.1-2]
	[7.1-3]
	ZTE[7.1-5]
	Ericsson[7.1-7]
	MediaTek[7.1-10]
	MediaTek[7.1-10]

	Power consumption
(ON state)
	10
	30
	20~30
	1~5
	10
	4

	Noise figure (dB)
	7~12
	7
	9.5 or 12
	7~10
	9
	12
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