3GPP TSG RAN WG1 #110bis-e                                                   R1-2208573
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]e-Meeting, October 10th – 19th, 2022

[bookmark: _GoBack]Agenda Item:	9.13.2
Source:	Spreadtrum Communications
Title:	Discussion on low power WUS receiver architectures
Document for:	Discussion and decision

Introduction
Low power wakeup signal receiver (LP-WUR) architectures have obviously impacts on the design of low power wakeup signal (LP-WUS) and the corresponding procedures.
The SID of the LP-WUS can be found in [1].
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· 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
· 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 wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


The contribution focuses on architectures of the LP-WUR and the corresponding feasibility analysis.

Discussions
LP-WUR architectures
Depending on whether a mixer exists in a receiver, typical architectures for the LP-WUR can be firstly categorized into two main groups [2]. They are direct RF detection (DRF) and frequency conversion (FC). Each group can be further classified into subgroups, as is shown in Figure 1.
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Figure 1:  Classification of the LP-WUR Architectures
The DRF can be classified into two subgroups:
· Non-LNA DRF where an LNA is not applied
· Tuned radio frequency (TRF) where an LNA is applied
The non-LNA DRF is shown in the following figure.
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Figure 2: The non-LNA DRF architecture
The TRF is shown in the following figure.
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Figure 3: The TRF architecture
For the FC, depending on whether there is an LNA, the FC can be categorized into two subgroups:
· Mixer-first FC where an LNA is not applied
· LNA-first FC where an LNA applied and before a mixer
Furthermore, depending on whether the intermediate frequency (IF) is stabilized by a phase-locked loop (PLL), each subgroup can be also classified into certain-IF (with a PLL) and uncertain-IF (without a PLL) architectures.
The mixer-first FC is shown in the following figure.
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Figure 4:  The mixer-first FC architecture with (or without) a PLL
The LNA-first FC is shown in the following figure.
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Figure 5: The LNA-first FC architecture with (or without) a PLL
The characteristics of the abovementioned LP-WUR architectures are summarized in the following table. 
Table 1:  Summary of the characteristics of the abovementioned LP-WUR architectures
	
	The non-LNA DRF
	The TRF
	The mixer-first FC
	The LNA-first FC

	LNA
	No
	Yes
	No
	Yes

	Mixer
	No
	No
	Yes
	Yes

	Power consumption
	Low
	Medium
	Medium
	High

	Date rate
	Low
	Medium
	Medium
	High

	Sensitivity
	Worst
	Medium
	Medium
	Best


It can be observed that the main differences are the existence of LNA and/or mixer, and the power consumption and the sensitivity are tradeoff. 
Observation 1: The power consumption and the sensitivity are tradeoff.
The sensitivity affects coverage, so it will affect resource overhead to meet the coverage requirement. Moreover, mobility based on the LP-WUR has requirement of measurement accuracy, so it is also affected by the sensitivity.
Observation 2: The sensitivity may affect the resource coverage to meet the coverage requirement, and mobility.

Discussion on LNA
Generally speaking, the sensitivity of any receiver PSEN,dBm can be calulated using the following equation:
PSEN(dBm) = −174(dBm/Hz) + NF + 10 log BWBB + SNRmin
where NF is the noise figure of the receiver, BWBB is the baseband signal bandwidth, and SNRmin is the minimum signal-to-noise ratio (SNR) required for demodulation. The above equation implies that suppressing the receiver noise figure directly improves the sensitivity. In general view, the noise factor of the LNA will dominate the receiver noise figure when its gain becomes sufficiently high. Hence, the improvement of the sensitivity is limited by the noise factor of the LNA.
Observation 3:  The improvement of the sensitivity is limited by the noise factor of the LNA.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following observations.
Observation 1: The power consumption and the sensitivity are tradeoff.
Observation 2: The sensitivity may affect the resource coverage to meet the coverage requirement, and mobility.
Observation 3:  The improvement of the sensitivity is limited by the noise factor of the LNA.
According to above observations, we propose to study the architectures in term of the tradeoff between the power consumption and the sensitivity.
Proposal 1: Study the architectures in terms of the tradeoff between the power consumption and the sensitivity, especially for LNA and mixer.
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