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Introduction
In this contribution, we present our view on wake-up receiver architectures in RAN1 [1].  
Discussion
[bookmark: _Ref115159812]RAN4 scope 
There are many questions relating to the WUR architecture and RF imperfection related questions [1]. It is not clear how the scope of RAN4 and RAN1 should be separately defined as the same Objective is listed for both RAN1 and RAN4:
· 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] 
As any of WUR architecture should aim to fulfill the RF requirement defined in the specification, it will be too early to evaluate any architecture for power consumption without knowing the RF requirements. Comparing with NR UE RF specification and WIFI/Blue-tooth RF specification, one can identify that the wifi/Blue-tooth has much relaxed RF requirements than 3GPP NR UE which could lead to a design with lower power consumption. This is mainly because the 3GPP considers different coexisting scenario and at the same time to maintain a good spectrum efficiency. The legacy specification of NR UE is tested with configured channel bandwidth and defined waveform, for a new WUS signal and WUR RF bandwidth other than existing NR UE BW, the new RF requirement needs to be studied and defined. The power consumption of a receiver may be highest when the wanted signal is low and at the same time demanding a high linearity. This is the case where a high gain amplifier with a higher IIP3 to cope with blocking or intermodulation requirement. It will be difficult to evaluate the power consumption without any known RF requirement as the receiver specification usually should be met in one architecture with the component line-up with individual specification (noise figure, gain, IIP3 etc). These individual component (LNA, mixer, VGA, filter) power consumption may vary depending on certain specification.
[bookmark: _Ref127545154]Study RF requirement needed if WUR has different RF BW than existing defined BW in specification.
[bookmark: _Ref127545170]RAN4 scope at least includes the RF requirement study to identify the new RF requirements.
WUR functionality
The main WUR function is to receive and decode WUS signal. On top of this, the WUR should consider the use case below:
· 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
As the WUR is targeting to small-factor devices, which is power-sensitive and small form-factor, it should discuss/study also the option of integrating WUR within the main receiver of a NR UE, or sharing the component with NR UE due to limited form-factor. This is up to UE implementation.
[bookmark: _Ref127545184]WUR implementation could be flexible, either be integrated within the main receiver of NR UE or sharing the components with main receiver.
The related RAN1 agreements relating the RF requirement and architecture are also selected as below:
· Agreement: For evaluation, 1 Rx Chain for LP-WUS receiver is baseline. 
· Agreement : Both RRC IDLE/INACTIVE and CONNECTED modes are to be studied as part of the LP-WUS/WUR SI.
[bookmark: _Ref127545195]WUR is single RX branch/Chain.
In RRC IDLE/INACTIVE, the WUR can operate without UL transmission; In CONNECTED mode, as main receiver needs to be wakened up to receive the PDCCH before UL transmission, WUR could be disabled and operate without the simultaneous Tx transmission. After the UE UL transmission, WUR may be switched on back and main receiver is switched off. This would mean the WUR can be operated without any Tx signal presence. Then there is no Tx leakage from transmitter should be considered.
[bookmark: _Ref127545206]There is no Tx signal presence from transmitter when WUR is in operation.
It is not clear for now how WUR is configured in terms of the BW and channel raster. According to RAN1 LS, the WUS signal most likely to be configured within the same cell where the main receiver is camped upon. The WUR thus needs to have ability to configure a RF channel within a band.  
[bookmark: _Ref127545214]WUR may be tuned to a raster point and RF BW.
Then there is a question on how the WUR get synchronized, e.g whether or not to share the SSB signal from the same cell or off-raster SSB signal or even a new WUS sync signal would be designed. RAN1 may proceed more before RAN4 can discuss anything.
[bookmark: _Ref127545224]Wait RAN1 conclude the synchronization functionality on WUR.
With the WUS decoding as a main function of WUR, a related function is to wake-up the main receiver, the meaning of the wake-up the main receiver is not just the “power on”, it means the main receiver should decode the PDCCH associated with a paging occasion. This implies that the coverage of WUS and PDCCH should be ideally the same.
[bookmark: _Ref127545235]The same coverage area of the WUS and PDCCH to be abled to “wake-up” the main receiver.
The WUR may be operated at the same radio condition as the main receiver, which means the WUR should be operated with same/similar blocking situations. And WUR also be capable to support the mobility, as it moved from center of cell to cell edge, it also needs to cope with the large dynamic range as the same of the main receiver.
[bookmark: _Ref127545243]WUR can operate with the same radio condition as main receiver.

Comparison of different architecture from RAN1
We compare the different architectures provided by RAN1 LS and evaluate these architectures based on the expected functionality support.
Table 1: Evaluate the RF architecture based on the expected WUR functionality
	Architecture In annex From RAN1 LS [1]
	Synchronization
	Configured to specific raster point and BW
	Operate at same radio condition with main receiver
	Wake up main receiver (Coverage of WUS the same with PDCCH, noise figure performance)

	RF envelop detector
	NO
(without PLL circuitry)
	Difficult (without mixer and PLL circuitry)
	FFS, To be evaluated with specific RF requirement 
	TBD


	IF envelop detector
	YES
(assume LO represent a PLL circuitry)
	YES
	FFS
	TBD

	BB envelop detector
	YES
	YES
	FFS
	TBD

	RF AM detector
	NO
(without PLL circuitry)
	Difficult
(without mixer and PLL circuitry)
	FFS
	Difficult (without RF amplifier)

	RF FM-AM detector
	NO
(without PLL circuitry)
	Difficult
(without mixer and PLL circuitry)
	FFS
	Difficult
(without RF amplifier)

	BB FM-AM detector
	YES
	YES
	FFS
	TBD



For some of the function expected for WUR, there are missing circuitry which is key to support the function. For example, the PLL is needed for synchronization function and mixer and PLL are needed to tune/configure a WUR/WUS channel. There are also functions difficult to be evaluated which is either TBD or FFS, because to evaluate the architecture, one need to choose right component in Rx front-end in one architecture to fulfill a certain RF requirement. 
[bookmark: _Ref127545254]Evaluation of some functions needs a RF requirement in place.
[bookmark: _Ref127545263]Define the key RF requirement before further evaluation of some of functions for the architectures.


Conclusions
In this contribution, we present our view on the evaluation of low-power wake-up receiver architectures from expected functionality view and with below observations and proposals:
Observation 1 Study RF requirement needed if WUR has different RF BW than existing defined BW in specification.
Proposal-1:RAN4 scope at least includes the RF requirement study to identify the new RF requirements.
Observation 2 WUR implementation could be flexible, either be integrated within the main receiver of NR UE or sharing the components with main receiver.
Observation 3 WUR is single RX branch/Chain.
Observation 4 There is no Tx signal presence from transmitter when WUR is in operation.
Observation 5 WUR may be tuned to a raster point and RF BW.
Observation 6 Wait RAN1 conclude the synchronization functionality on WUR.
Observation 7 The same coverage area of the WUS and PDCCH to be abled to “wake-up” the main receiver.
Observation 8 WUR can operate with the same radio condition as main receiver.
Observation 9 Evaluation of some functions needs a RF requirement in place.
Proposal-2: Define the key RF requirement before further evaluation of some of functions for the architectures.
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Annex
In [1], several WUR architectures are presented and for discussion purpose, the three architecture is listed below signal:
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Figure 1: Architecture 1 (RF envelop detector)
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Figure 2: Architecture 2 (IF envelop detector)
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Figure 3: Architecture 3 (BB envelop detector)
The architecture for FSK is listed below:
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Figure 4: Architecture 4 (RF AM detector)
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Figure 5: Architecture 5 (RF FM-AM)
[image: A picture containing text, clock

Description automatically generated]
Figure 6: Architecture 6 (BB FM-AM)
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