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Introduction
Further discussions on the issues identified on LP-WUS/WUR were continued in last RAN4 meeting. Progress and issues to be further studied are captured in the WFs [1][2]. What have been agreed so far include:
RAN4#107:
· Symmetricity of guard RBs
· No need to restrict symmetric guard RBs within the WUS channel bandwidth
· Variant of different LP-WUR architectures
· As long as the variant LP-WUR architectures belong to the architectures mentioned in RAN1 LS, they can be considered in RAN4 evaluation
· LP-WUS waveform assumptions
· LP-WUR RF evaluation could consider all possible LP-WUS waveforms identified by RAN1.
· WUR RF impairments impacts
· At least, the CFO should be considered
· Filter implementation
· The possible degradation of filter rejection for real implementation can be counted in evaluation of guard RBs for LP-WUS

RAN4#106bis:
· Frequency range: 
· RAN4 focus on FR1 frequency ranges first priority, 2.6GHz can be selected as an example band.
· UE types: 
· Based on RAN1 agreements, RAN4 should consider all the UE types mentioned in the SID, e.g. IoT devices, Wearable devices, and e-MBB devices.
· SNR evaluation: 
· RAN1 is performing SNR evaluation, the WUS SNR analysis can be done in RAN1. RF impairment aspects, e.g. frequency error and ADC sampling accuracy, if identified and confirmed, can be sent to RAN1 for consideration
To our understanding, the main remaining issues RAN4 should further discuss include:
· Architecture relevant issue (including down selection)
· Guard RBs evaluation for ACS and ICS
· Dedicated operating bands
· Power boosting
This paper provides further analysis on addressing the remaining issues.
Discussion
LP-WUR architectures
Per the discussion and WF in last meeting, architecture down selection as a specific issue should be further discussed.
In our view, there are two main issues which are related to the decision on down selection of LP-WUR architectures.
Firstly, what matters is the understanding of the coverage target. Though there is no conclusion in RAN4, but most company are in favor that the coverage of LP-WUR should be comparable of main radio. To fulfill the target, at least the UE should have better noise figure. Table 1 reflects the discussion in RAN1. It is also the common understanding in RAN4 that REFSENS for RF ED based architecture is the worst one.
Table 1: Performance metrics for the receiver architectures [3]
	
	RF ED
	Zero-IF ED
	IF ED

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

	NF
	High
	Medium
	Low

	Sensitivity/coverage
	[bookmark: OLE_LINK31]>-70dBm
	-96dBm~-102dBm
	>-110dBm

	cost/complexity
	[bookmark: OLE_LINK28]Low
	Medium
	High

	Interference suppression capability
	[bookmark: OLE_LINK26]Low
	[bookmark: OLE_LINK27]Medium
	High


Secondly, multi-band support is an obvious drawback for the RF ED architecture, which is also a concerned issue by RAN1 as mentioned in the LS. RAN4 already made conclusion on multi-band support for different LP-WUR architectures, and it was reflected in the reply LS to RAN1 [4]. 
· RF envelop detection architecture is more appropriate for single-band operation 
· IF/BB envelop detection is more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received.
Additionally, there was some discussion in [5] that RF filter shared with main radio will be allowing the signals in the whole operating band pass through to the envelope detector but RF envelope detection majority of the selectivity comes for the RF filter and RF envelope detection cannot address the cases where WUS is based on FSK or OFDMA, which further justify that RF ED LP-WUR is not a viable option.
With the Cons of poor coverage performance and incapable of supporting of multi-band operation, also some other issues pointed by other companies in last RAN4 meeting, we think that RAN4 can rule out the RF ED LP-WUR architecture.
[bookmark: OLE_LINK3]Proposal 1: Given poor coverage performance, incapability of supporting of multi-band operation and poor frequency selectivity, it is proposed to rule out RF ED LP-WUS architecture for the following RAN4 evaluation.
Guard RB evaluation
ACS evaluation
In last meeting, we have the following agreement for ACS evaluation:
· The methodology for guard RB is that at first conclude the relationship between guard RB and adjacent channel selectivity.
· WUR ACS should be further discussed in the context of the guard RB design and main receiver test requirement. 
We do agree that the methodology of the RB evaluation for ACS is based on the existing ACS requirement. However, the metric is different from the definition of ACS requirement. 
It is known that Adjacent channel selectivity (ACS) is a measure of a receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. For NR, the ACS is derived based on co-existence study and ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s). The said receiver filter usually is the baseband channel filter. According to the co-existence study, throughput loss than 5% is considered as the metric to derive the requirement.
While for LP-WUS, the purpose in the study of ACS is not for justification of co-existence between contained LP-WUS and adjacent NR carrier, but to evaluate the possible guard RBs in-between the different signals. Since the waveform of LP-WUS, i.e. OOK, FSK, etc., is different from NR signal, the performance metric should not throughput loss based as usual. In our view, 1% BLER is more appropriate for guard RB evaluation.
Proposal 2: It is proposed to use 1% BLER as metric for guard RB evaluation.
Regarding the relationship of ACS requirement in terms of guard RB evaluation, the main point is to figure out the power difference between LP-WUS and adjacent channel NR signal. Table below reproduced from the specification [6] lists conditions for case 1 of ACS requirement for NR bands <2700MHz with 5, 10MHz CBW. We can use it as assumptions to simulate the guard RBs vs. performance degradation of LP-WUS with interference from the adjacent NR carrier. 
Table 7.5-3: Test parameters for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz, case 1 [6]
	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	5, 10
	15 
	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 14 dB

	Pinterferer4
	dBm
	REFSENS + 45.5 dB
	REFSENS + 42.5 dB
	
REFSENS + 39.5 – 10log10(BWChannel /20)


	BWinterferer
	MHz
	5


Let’s assume REFSENS for LP-WUS is comparable with NR main radio, and the sensitivity degradation is the same as NR, i.e. 14dB, which means the 5MHz interferer is 31.5dB higher than the wanted signal. It is worth noting that for the adjacent carrier, existing specified minimum guard band should be considered during the evaluation. 
It was agreed in last meeting that LP-WUR RF evaluation could consider all possible LP-WUS waveforms identified by RAN1. Due to limited time, we only perform simulations for the options below:
[image: ]
Figure: Some of the LP-WUS waveform options
Observation 1: For waveform options of OOK-2, FSK-1 and FSK-2, since segmented RB allocations are considered, several narrower filters would be needed to filter out the interference in contrast to a single filter used for OOK-1 and OOK-4.
Figure 1 shows the simulation results for the aforementioned waveforms.
[image: ] [image: ]     
a) Guard RB evaluation of OOK-1						 b) Guard RB evaluation of OOK-2
[image: ][image: ]
c) Guard RB evaluation of OOK-4						d) Guard RB evaluation of FSK-1
[image: ]
e) Guard RB evaluation of FSK-2
Figure 1: ACS guard RB evaluation for several waveforms
Observation 2: For candidate waveform options requiring larger single filter implementation, e.g. OOK-1 and OOK-4, as the OOB filter rejection could be worse than the smaller filter adopted for segmented waveform options, worse performance could be observed for insufficient guard band. 
Observation 3: For the evaluated waveform options of OOK-1, OOK-2, OOK-4, FSK-1 and FSK-2, guard RB with the size of one 30kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR carrier.
Proposal 3: For 5th order Butterworth filter assumption, it is proposed to reserve 1 RB for 30kHz SCS or 2RBs for 15kHz SCS for protection of LP-WUS from interference of the adjacent NR carrier.
ICS evaluation
Different from ACS, for evaluation of ICS we consider the PSD for all RBs including both LP-WUS and NR signal is flat and no power boosting is considered for LP-WUS signal.
Figure 2 to Figure 6 show the ICS guard band evaluation for several different waveforms discussed in RAN1, all the simulations are based on 5th order Butterworth filter.
[image: ][image: ]
Figure 2: ICS guard RB evaluation for OOK-1
[image: ][image: ]
Figure 3: ICS guard RB evaluation for OOK-2

[image: ][image: ]
Figure 4: ICS guard RB evaluation for OOK-4

[image: ][image: ]
Figure 5: ICS guard RB evaluation for FSK-2
[image: ][image: ]
Figure 6: ICS guard RB evaluation for FSK-4
Observation 4: Different from ACS cases, waveform options requiring larger single filter implementation and consequently having less sharp out-of-band frequency response could have relatively better performance, which depends on the guard size between two adjacent WUS segmented block.
Observation 5: Less guard RB is required for ICS compared to ACS between LP-WUS and NR signals.
Observation 6: Considering frequency offset impact, guard RB with the size of one 15kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR sub-carriers.
Proposal 4: For 5th order Butterworth filter assumption, it is proposed to reserve 180kHz guard RB (size of one RB for 15kHz SCS) for protection of LP-WUS from interference of the adjacent NR carrier. 

Dedicated operating band
Dedicated wake-up band was discussed in detail in [7] previously. The main idea behind the proposal of the dedicated band is to consider the possibility of reusing the spectrum licensed for broadcast in the scenario that a wake-up signal (WUS) broadcast network can be overlaid over a cellular network. While in last meeting, we have the following WF for the dedicated band for LP-WUS:
· Dedicated band should be global operation band with commercial network proposed by operator or spectrum management organization
· Dedicated band considered together with RF ED architecture
During the discussion, we have the feeling that operators and infrastructure vendors have no willingness to have dedicated gNBs to support LP-WUS in a separate band, and supporting WUS broadcast network and the cellular MBB network needs complex inter-operability. The feasibility of this kind of service and business model is out of scope of RAN4 discussion. Therefore, we think there is no need to have further discussion of dedicated operating band for LP-WUS. 
Proposal 5: No further discussion of dedicated band for LP-WUS in RAN4.
Power boosting
For LP-WUS power boosting, it was discussed further in last meeting, and it was agreed to 
· Study whether gNB can boost WUS of 24 RB with X dB., e.g X = 3 or 6 dB based on the information from RAN1 LS in R4-2307012.
Similarly, NB-IoT RB power dynamic range for NB-IoT operation in NR in-band scenario can be found in TS 38.104 clause 6.3. The table below listed the requirement of NB-IoT RB power dynamic range for some channel BWs.
Table 6.3.4.2-1: NB-IoT RB power dynamic range for NB-IoT operation in NR in-band [8]
	BS channel bandwidth (MHz)
	NB-IoT RB frequency position
	NB-IoT RB power dynamic range (dB)

	5, 10
	Any
	+6

	15
	Within center 77*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	20
	Within center 102*180kHz+15kHz at each edge
	+6

	
	Other
	+3


During the study for NB-IoT, 1 RB NB-IoT inside the CBW is a typical case. The reason is partly due to that the power is shared by NB-IoT and NR. If several RBs of NB-IoT to boost the power of 6dB compared to the average power of all RBs in the carrier, the available power for NR would be decreased, which will have impact on the NR coverage. 
The concern on the power boosting for LP-WUS is valid as well. Here we use 10MHz CBW with 5MHz reserved for LP-WUS as an example to illustrate the impact to NR coverage. 
Suppose all 24RBs of LP-WUS are transmitting, but only some of them can boost 6dB power compared to the average power for all RBs including both LP-WUS and NR. It can be seen in Figure 1 that with increasing of number of LP-WUS RBs supporting power boosting, the per RB output power for NR would be decreased. The NR power could be reduced by 3dB if 6 WUS RBs boost the power by 6dB. Or if we keep the power of NR per RB unchanged, the available RBs for NR should be reduced as shown in the right figure. 
[image: ]  [image: ]
Figure 1: Power reduction for NR vs power boosting of some LP-WUS RBs 
(all WUS RB are transmitting)  
Alternatively, if not all 24 RBs reserved for LP-WUS are transmitting but the RBs with power boosting are transmitting, we see the per RB power of NR could be decreased bit lower than the above case, but only 6 RBs can be supported for LP-WUS with power boosting if no coverage impact is allowed for NR.
[image: ]  [image: ]
Figure 2: Power reduction for NR vs power boosting of some LP-WUS RBs 
(only power boosting WUS RBs are transmitting)
[bookmark: OLE_LINK5]Observation 7: Since power is shared between LP-WUS and NR signals, the power boosting of LP-WUS may have impact to the NR coverage.
Proposal 6: It is proposed to send the information to RAN1 that power boosting is limited to the case that coverage of NR should not be impacted. 
Conclusion
This contribution provides further consideration on LP-WUS/WUR and we have the following observations and proposals.
Proposal 1: Given poor coverage performance, incapability of supporting of multi-band operation and poor frequency selectivity, it is proposed to rule out RF ED LP-WUS architecture for the following RAN4 evaluation.
Proposal 2: It is proposed to use 1% BLER as metric for guard RB evaluation.
Observation 1: For waveform options of OOK-2, FSK-1 and FSK-2, since segmented RB allocations are considered, several filters would be needed to filter out the interference in contrast to a single filter used for OOK-1 and OOK-4.
Observation 2: For candidate waveform options requiring larger single filter implementation, e.g. OOK-1 and OOK-4, as the OOB filter rejection could be worse than the smaller filter adopted for segmented waveform options, worse performance could be observed for insufficient guard band. 
Observation 3: For the evaluated waveform options of OOK-1, OOK-2, OOK-4, FSK-1 and FSK-2, one 30kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR carrier.
Proposal 3: For 5th order Butterworth filter assumption, it is proposed to reserve 1 RB for 30kHz SCS or 2RBs for 15kHz SCS for protection of LP-WUS from interference of the adjacent NR carrier.
Observation 4: Different from ACS cases, waveform options requiring larger single filter implementation and consequently having less sharp out-of-band frequency response could have relatively better performance, which depends on the guard size between two adjacent WUS segmented block.
Observation 5: Less guard RB is required for ICS compared to ACS between LP-WUS and NR signals.
Observation 6: Considering frequency offset impact, one 15kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR sub-carriers.
Proposal 4: For 5th order Butterworth filter assumption, it is proposed to reserve 180kHz guard RB (size of one RB for 15kHz SCS) for protection of LP-WUS from interference of the adjacent NR carrier. 
Proposal 5: No further discussion of dedicated band for LP-WUS in RAN4.
Observation 7: Since power is shared between LP-WUS and NR signals, the power boosting of LP-WUS may have impact to the NR coverage.
Proposal 6: It is proposed to send the information to RAN1 that power boosting is limited to the case that coverage of NR should not be impacted. 
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