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1 Introduction
[bookmark: OLE_LINK25][bookmark: OLE_LINK37][bookmark: OLE_LINK2]In the LS from RAN1 [1], there are some agreements on the Lower Power Wake-Up Receiver (LP-WUR) architectures along with some questions, in which three are three candidate architectures for LP-WUR, which are:
	[bookmark: OLE_LINK34]Agreement
[bookmark: OLE_LINK36]Study at least the following three types of receiver architectures for LP-WUR:
· [bookmark: OLE_LINK3]Architecture with RF envelope detection 
· [bookmark: OLE_LINK5]Heterodyne architecture with IF envelope detection
· [bookmark: OLE_LINK35][bookmark: OLE_LINK15]Homodyne/zero-IF architecture with baseband envelope detection
· Note: The details of each type of receiver architecture are discussed separately.
· Note: Above receiver architectures are considered suitable for OOK modulation. Some of the architectures 
[bookmark: OLE_LINK20]can be applicable for other modulations such as FSK.


[bookmark: OLE_LINK1][bookmark: OLE_LINK80]Moreover, the details for the three candidate receive architectures of RF envelope detection (i.e. RF ED), Heterodyne architecture with IF and Homodyne/zero-IF architecture were given in the LS. 
[bookmark: OLE_LINK76][bookmark: OLE_LINK94]In this contribution, we give some initial discussions on the LP-WUR architecture. 
2	Discussion
[bookmark: OLE_LINK44][bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK24][bookmark: OLE_LINK28]2.1 Candidate LP-WUR architectures
For the above three candidate receiver architectures for LP-WUR, there were extensive discussions in last RAN1 meeting, such as [2~13], including pros/cons for each architecture, RF components performance analysis/comparison such as power consumption, and etc. Moreover, some companies proposed to select one or two architectures as baseline, but no consensus were achieved.
The diagrams for the three candidate LP-WUR architecture in [1] are shown below:
· [bookmark: OLE_LINK22][bookmark: OLE_LINK53][bookmark: OLE_LINK4]Diagram for the architecture with RF envelope detection 
[image: Diagram

Description automatically generated]
· [bookmark: OLE_LINK11][bookmark: OLE_LINK74][bookmark: OLE_LINK13]Diagram for the heterodyne architecture with IF envelope detection: 
[image: Diagram

Description automatically generated]
· [bookmark: OLE_LINK14]Diagram for the homodyne/zero-IF architecture envelope detection:
[image: A picture containing text, clock, device

Description automatically generated]
[bookmark: OLE_LINK12][bookmark: OLE_LINK73][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK30]In our understanding, the above circuit diagrams/RF signal processing flow are quite similar with traditional diagram which is largely used in the smartphone, especially for the ZIF architecture due to more easy to integration. The big difference between the LP-WUR architecture and traditional architecture (a.k.a main radio) would be that there are some other metrics should be considered for LP-WUR, such as cost/complexity, power consumption, data rate etc, as well as the modulations. Consequently, RF components performance used in LP-WUR architecture would be not as good as the ones used in the normal NR receiver. For example, lower performance for some power hungry components like LO, BPF and ADC may be needed for power consumption purpose, rather than high performance components. Meanwhile, it should be noted there exist some other way to save power like reporting duty cycle LP-WUS. 
[bookmark: OLE_LINK83][bookmark: OLE_LINK32][bookmark: OLE_LINK82][bookmark: OLE_LINK45][bookmark: OLE_LINK72]In addition, the LP-WUR aims to wake-up the main receiver timely when LP-WUS is received, therefore we think the comparative coverage for LP-WUS as normal NR channel is desirable. Otherwise, the coverage for LP-WUR would be smaller than the main radio which may cause the main radio cannot be waked-up due to fail to receive LP-WUS when the UE is located in the cell edge. In this case, the main receiver should be active, rather than sleep mode, and the power saving benefit with LP-WUS would loss.
[bookmark: OLE_LINK84]Observation 1. The comparative coverage for LP-WUS as normal NR channel is desirable. If coverage LP-WUS is smaller than normal NR channel, power saving benefit with LP-WUS would loss when UE is located in the cell edge. 
[bookmark: OLE_LINK42]As summarized in [8], table 1 can be an example to consider the performance metrics for the three receiver architectures according to the current literature description and implementation for WI-FI.
Table 1. performance metrics for the receiver architectures [8]
	
	[bookmark: OLE_LINK52]RF ED
	Zero-IF ED
	IF ED

	Power consumption range
	<10uW
	300~600uW
	<1000uW
>Zero-IF ED

	NF
	High
	Medium
	Low

	Sensitivity/coverage
	>-70dBm
	-96dBm~-102dBm
	>-110dBm

	[bookmark: OLE_LINK48]cost/complexity
	Low
	Medium
	High

	Interference suppression capability
	Low
	Medium
	High


[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Although the RF ED architecture has the least complexity and it probably has least power consumption, the NF and sensitivity/coverage are typically worst. IF ED architecture is more complex and it probably has higher power consumption but with lowest NR and best cost/complexity, however it may not feasible for the on-chip integration. For the Zero IF ED architecture, even it is kind of medium position, its power consumption is closer to IF ED architecture’s. Therefore, it seems the ZIF ED LP-WUR architecture is a good trade-off architecture. At least from our perspective, we think the RF ED LP-WUR architecture should be deprioritized.
[bookmark: OLE_LINK63][bookmark: OLE_LINK81]Proposal 1. Deprioritize the RF ED architecture for LP-WUR architecture. 
[bookmark: OLE_LINK19]2.2 Sensitivity/NF
[bookmark: OLE_LINK31][bookmark: OLE_LINK58]The definition of reference sensitivity power level REFSENS in TS38.101-1 is the minimum mean power applied to each one of the UE antenna ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.
The REFSENS values are defined for each SCS and derived by the following equation:
[bookmark: OLE_LINK56]Reference Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain-DFB
The primary purpose of the reference sensitivity requirement is to verify the receiver NF (Noise Figure). The NF is defined as the ratio between SNR at the input to the SNR at the output. For a receiver, it is a measure of the degradation of the SNR through the receiver. The NF is purely determined by the analogue parts of the receiver, it will not rely on the choice of multiple access technology.
For a certain band, the REFSENS values increase as Rx BW (i.e. RB BW) increase, and the REFSENS requirements are band specific requirements. In addition, it shall be noted that the NF is different for different bands. For example, NF=10dB is for high bands like n77/n78/n79, and 9dB is for other low- and mid-bands. For all bands, the REFSENS values are about -100dBm for 5MHz.
[bookmark: OLE_LINK55][bookmark: OLE_LINK47][bookmark: OLE_LINK46][bookmark: OLE_LINK54][bookmark: OLE_LINK57]The term of DFB is FDD band specific parameters considering the duplexer difficult implementation for some FDD bands. In terms of the above LP-WUR architecture, it seems there was no duplexer implementation issue, so no need to consider the parameters of DFB. 
[bookmark: OLE_LINK61]Moreover, compared with the receiver of main radio, LP-WUR architecture is a separate Rx chain without the corresponding diversity Rx chain, i.e. 1Rx architecture, so no need to consider diversity gain(3dB).
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]For the SNR, -1dB is considered for FR1 bands, to meet the throughput for the specified reference measurement channel. For LP-WUR receiver, there is no need to meet the throughput as NR channel for LP-WUS, instead it depends on the data rate, and -1dB SNR seems too stringent for LP-WUS. 
[bookmark: OLE_LINK41][bookmark: OLE_LINK67][bookmark: OLE_LINK65][bookmark: OLE_LINK64]For NF, usually the total NF of a receiver needs to consider cascade-stage NF of all RF components, and the first few stages dominate. On the one hand, better NF values means good sensitivity but better performance of the RF components are needed and more power consumption. On the other hand, worse NF means more noise is involved in the Rx chain which would cause bad sensitivity. Thus the same NF as NR channel could be used as starting point, other NF values can be further studied by considering the trade-off between sensitivity, cost/complexity, data rate and power consumption etc.
[bookmark: OLE_LINK77][bookmark: OLE_LINK62]Observation 2. 1Rx antenna port is for LP-WUR architecture, which means no diversity gain(3dB) is considered comparing with NR 2Rx antenna port architecture.
Proposal 2. The same NF as NR for LP-WUR could be used as starting point.
2.3 Necessity of guard band
[bookmark: OLE_LINK40][bookmark: OLE_LINK51]The guard band is the guard band (if needed) between LP WUS subcarriers and adjacent subcarriers. Currently, there are two types of LP-WUS, i.e.OOK and FSK, are mentioned in the LS, meanwhile whether to include traditional OFDM signal LP-WUS is still under discussion in RAN1.
[bookmark: OLE_LINK39]In our understanding, no matter OOK or FSK LP-WUS, it will not orthogonal with NR signal, which means guard band would be needed, but if OFDM LP-WUS signal is used, then it is similar with NB-IoT operation supported in NR BS. For the same numerology, there is no guard band needed, but for mix numerologies, guard band is needed which is similar as the NR signal supports multiple numerologies, and the guard band should be implementation based. 
[bookmark: OLE_LINK69][bookmark: OLE_LINK68]Observation 3. Whether guard band is needed depends on the LP-WUS modulation type, which rely on the RAN1’s agreement.
[bookmark: OLE_LINK70][bookmark: OLE_LINK38][bookmark: OLE_LINK71]For the locations of LP-WUS, also the channel bandwidth haven’t approved yet, considering NB-IoT carrier can be located within the carrier or guard band either, so it seems it is feasible to locate the LP-WUS within the carrier. In addition, the existing gNB emissions requirements should not be impacted when introduction LP-WUS.
[bookmark: OLE_LINK33][bookmark: OLE_LINK78]Proposal 3. It is feasible to locate the LP-WUS within the carrier.
Proposal 4. The existing gNB emissions requirement should remain unchanged when introduction of LP-WUS.
2.4 Multi-band capability
[bookmark: OLE_LINK43][bookmark: OLE_LINK75]In general, several bands are supported for a UE, and usually separate receiver path (LNA etc.) are used for different bands. As aforementioned, there are no big differences for the circuit diagrams/RF signal processing flow between LP-WUR and NR channel. So we think the ZIF and heterodyne architecture with IF can support multi-band capability. 
[bookmark: OLE_LINK79]Observation 4. Both ZIF and heterodyne architecture with IF can support multi-band capability. 
3 Conclusion
In this contribution, we give some initial discussions on the LP-WUR architecture. The conclusions are:
Observation 1. The comparative coverage for LP-WUS as normal NR channel is desirable. If coverage LP-WUS is smaller than normal NR channel, power saving benefit with LP-WUS would loss when UE is located in the cell edge. 
Proposal 1. Deprioritize the RF ED architecture for LP-WUR architecture. 
Observation 2. 1Rx antenna port is for LP-WUR architecture, which means no diversity gain(3dB) is considered comparing with NR 2Rx antenna port architecture.
Proposal 2. The same NF as NR for LP-WUR could be used as starting point.
Observation 3. Whether guard band is needed depends on the LU-WUS modulation type, which rely on the RAN1’s agreement.
Proposal 3. It is feasible to locate the LP-WUS within the carrier.
Proposal 4. The existing gNB emissions requirement should remain unchanged when introduction of LP-WUS.
Observation 4. Both ZIF and heterodyne architecture with IF can support multi-band capability. 
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