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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. 
In last meeting, RAN4 discussed some issues in details and there were some agreements achieved in [2], meanwhile LS out to RAN1 was agreed in [3]. We think most of the agreements in the last meeting are for FR1 although FR2 is not excluded.
[bookmark: OLE_LINK76][bookmark: OLE_LINK94]In this contribution, we give some further discussions on the LP-WUR architecture. 
2	Discussion
[bookmark: OLE_LINK44][bookmark: OLE_LINK66][bookmark: OLE_LINK28][bookmark: OLE_LINK24][bookmark: OLE_LINK23]2.1 Supported channel BW
In the LS, there were several bullets included from RAN4 to RAN1 to further evaluate the RF aspects of LP-WUR architecture, which are:
	To further evaluate the RF aspects of LP-WUR architecture, RAN4 would like to know the following clarifications from RAN1: 
· Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
· Power consumption, coverage and SNR targets 
· Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
· Possible supported SCS for LP-WUS, if applicable
· [bookmark: OLE_LINK90][bookmark: OLE_LINK93]Whether WUS can be located in a band separate from the UE’s NR band
· Whether FR1 is considered as first priority frequency range 
· Whether in-band power boosting of LP-WUS is considered from RAN1 perspective


In which for this bullet:
· Whether WUS can be located in a band separate from the UE’s NR band
In our understanding, LP-WUS operating in a band separate from the UE’s NR band means the LP-WUS carrier can be operated as a normal carrier, and it is similar with the LTE standalone NB-IoT. Moreover it was also mentioned that 1.4MHz and 5MHz RF bandwidth for the LP-WUS, and meanwhile there are some other agreements in the WF:
	Issue 2-2-2: Starting point for ACS
Agreement: 
· [bookmark: _Hlk128682875][bookmark: OLE_LINK96]Values from current UE specifications are used as a starting point for discussion to evaluate LP-WUR performance
Issue 2-3-2: Adjacent subcarrier impacts
Agreement: 
· 	Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point
· FFS on how many LP-WUS RBs can be allocated in channel bandwidth
· Guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth
Issue 2-5-1: General BS RF
Agreements:
· [bookmark: OLE_LINK86][bookmark: OLE_LINK89][bookmark: OLE_LINK91][bookmark: OLE_LINK85]No impact of LP-WUS on the existing gNB emissions and compliance requirements is baseline


[bookmark: OLE_LINK87][bookmark: OLE_LINK97][bookmark: OLE_LINK92]By combining the above related agreements together, if FR1 LP-WUS can be operated in a band separated from the UE’s NR band,1.4MHz and 5MHz channel bandwidths are supported without impact on the existing gNB emissions and compliance requirements.As we know, 1.4MHz is not supported in NR as of now, there are no requirements defined in the specifications of TS38.101-1 and TS38.104, so if 1.4MHz channel bandwidth is supported for a LP-WUS in the case of the LP-WUS is located in a separated band, then lots of new BS Tx requirements should be defined for this 1.4MHz LP-WUS single carrier, and with the experience of LTE, the gNB emission requirements for 1.4MHz and 5MHz are different, which means the existing gNB emissions and compliance requirements requirement cannot be applied. 
[bookmark: OLE_LINK95]Moreover, for UE ACS requirements, there are no requirements defined for 1.4MHz single carrier, it can be foreseen that new UE Rx requirements should also be defined for 1.4MHz LP-WUS single carrier if 1.4MHz channel bandwidth is supported for a LP-WUS in the case of the LP-WUS is located in a separated band. Therefore, it is proposed that 1.4MHz channel bandwidth is not supported if FR1 LP-WUS is located in a separated band.
Observation 1. New BS Tx requirements and UE Rx requirements should be defined for 1.4MHz LP-WUS single carrier if FR1 LP-WUS is located in a separated band.
[bookmark: OLE_LINK100]Proposal 1. If FR1 LP-WUS can be located in a band separate from the UE’s NR band, 1.4MHz channel bandwidth is not supported.
[bookmark: OLE_LINK12]2.2 Rx chain
[bookmark: OLE_LINK11]For the number of Rx chain for the LP-WUS, it was assumed 1Rx architecture for LP-WUS as starting point. In addition, both FR1 and FR2 are considered in the scope of SI. 
	Issue 2-1-4: Frequency range 
Agreements:
·  Both FR1 and FR2 are considered in the scope of SI
Issue 2-1-5: Number of RX chain for LP-WUR 
Agreements:
· [bookmark: _Hlk128683300][bookmark: OLE_LINK99] RAN4 assume 1RX architecture for LP-WUR as starting point


[bookmark: OLE_LINK101][bookmark: OLE_LINK98]The current requirements for FR2 NR UE are based on dual polarization for both Tx and Rx, and it seems the agreements on number of Rx chain mainly for FR1. So it maybe better to clarify whether 1Rx architecture is also for FR2 LP-WUR considering Rx chain in FR2 is a vague conception due to high integration level for FR2. Actually, similar discussions happened when RAN4 discussed R17 FR2 RedCap.
[bookmark: OLE_LINK6]Proposal 2. To clarify whether 1Rx architecture is also for FR2 LP-WUR.
[bookmark: OLE_LINK13]2.3 LP-WUS Location within carrier
For the WUS location within the carrier, some agreements are:
	Issue 2-3-3: WUS location within the carrier
Agreements:
· [bookmark: _Hlk128682967]Study whether LP-WUS could be flexible located within the carrier
· FFS whether WUS can be located in a band separate from the UE’s NR band


[bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK106][bookmark: OLE_LINK107]In current TS38.101-4, NR NB-IoT in-band operation and guard-band operation are supported only for FR1 BS. For NB-IoT in-band operation, the NB-IoT is operating in-band when it is located within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel. We think this operation is quite similar with LP-WUS located within the NR carrier. However, 1.4MHz and 5MHz LP-WUS channel bandwidths are selected, so it is infeasible to locate the LP-WUS in the minimum guard-band of a carrier.
[bookmark: OLE_LINK9]Proposal 3. For FR1, it is feasible to locate the LP-WUS within the carrier except the minimum guard-band.
2.4 RF architectures
[bookmark: OLE_LINK14]For the RF architectures, further discuss on whether RF-ED could be down-scoped are needed in RAN4.
	ssue 2-1-3: Down-selection of WUR architectures in RAN4 
Agreements:
· Pros and Cons of each architecture from RAN4 perspective can be replied to RAN1 
· [bookmark: OLE_LINK108]Further discuss whether RF-ED could be down-scoped 


[bookmark: OLE_LINK109]The pros and cons for the three candidate RF architectures were extensively discussed in RAN1, and also it was discussed in RAN4 again in last meeting, and several companies share the similar views that RF-ED architectures should be excluded or deprioritized.
In our understanding, the pros and cons for each candidate RF architectures are clear, for example in the table 1 [4], 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
	
	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

	cost/complexity
	Low
	Medium
	High

	Interference suppression capability
	Low
	Medium
	High


[bookmark: _Hlk128683106][bookmark: OLE_LINK8]Meanwhile, in terms of the replied LS and WF, RF envelop detection architecture is more appropriate for single-band operation and the other two architectures, i.e. heterodyne architecture with IF envelop and BB envelop (homodyne/zero-IF architecture envelope) are appropriate for multi-bands operation. 
[bookmark: OLE_LINK42][bookmark: OLE_LINK4][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, also we think only supporting single-band operation is not a promising operation. 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_LINK7][bookmark: OLE_LINK81]Proposal 4. Deprioritize the RF ED architecture for LP-WUR architecture. 
[bookmark: OLE_LINK19]2.5 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 NR 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 2. Whether guard band is needed depends on the LP-WUS modulation type, which rely on the RAN1’s agreement.
3 Conclusion
In this contribution, we give some further discussions on the LP-WUR architecture. The conclusions are:
Observation 1. New BS Tx requirements and UE Rx requirements should be defined for 1.4MHz LP-WUS single carrier if FR1 LP-WUS is located in a separated band.
Proposal 1. If FR1 LP-WUS can be located in a band separate from the UE’s NR band, 1.4MHz channel bandwidth is not supported.
Proposal 2. To clarify whether 1Rx architecture is also for FR2 LP-WUR.
Proposal 3. For FR1, it is feasible to locate the LP-WUS within the carrier except the minimum guard-band.
Proposal 4. Deprioritize the RF ED architecture for LP-WUR architecture. 
Observation 2. Whether guard band is needed depends on the LP-WUS modulation type, which rely on the RAN1’s agreement.
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