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Introduction
RAN4 study of LP-WUS/WUR was kicked off in last meeting, and a WF was agreed in [1], in which the issues identified for further study are listed. Meanwhile, a reply LS was also approved [2], though some of the questions raised by RAN1 are still under discussion. 
In this contribution, we would like to provide further consideration and analysis on LP-WUS/WUR.
Discussion
The targets for RAN4 evaluation
Before RAN4 to have further study of LP-WUS/WUR, it is important to have a clear view on what should be evaluated in RAN4, and what’s the expectation from RAN1 for the study in RAN4. After the first meeting discussion, we think the targets in RAN4 are still ambiguous. The following objectives are cited from the SID:
· 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] 
The objectives in the SID are too general to provide specific guidance for RAN4. From the information provided in RAN1 LS, as following,
	RAN1 kindly asks RAN4 to take RAN1 agreements into account, study at least the LP WUR architectures that RAN1 identifies and provide feedback, potentially considering the aspects including but not limited to:
· The reasonable assumption on adjacent channel selectivity (ACS) for the study and the impact on the LP WUR architectures and signal design
· The impact of adjacent subcarrier interference suppression/rejection on the LP WUR architectures if LP WUS is multiplexed with other signals/channels in frequency, including e.g. 
· The necessity of guard band (if needed, the minimum guard band) between LP WUS subcarriers and adjacent subcarriers
· Whether it is feasible to have LP WUS location flexible within the carrier
· The feasible noise figure(s) for each type of LP WUR architectures
· Impact, if any, LP-WUS transmission on existing gNB emissions/compliance requirements
· The potential RF impairments to be considered include e.g. timing error, frequency error, image impact, LO leakage (DC offset) and flicker (1/f) noise
· Whether certain LP WUR architectures can support multi-band capability
· Note: RAN1 may or may not identify further architecture(s) for the study.


it is seen that the purpose of the LS from RAN1 is mainly asking RAN4 to evaluate the WUR architectures. To this end, we think that it is necessary for RAN4 to down select the appropriate architectures from implementation and performance perspective, as eventually RAN4 needs to specify corresponding requirements based on SI study outcome. The RAN1 design could be flexible for all proposed architectures, but we don't think RAN4 should consider all architectures with quite different requirements foreseen for them. 
Proposal 1: Down selection of UE architectures should be considered in RAN4.
Once the possible architectures are selected, the next step is to further evaluate performance impact and requirements impact due to the LP-WUS signal design. Since it is a SI, the requirements will not be defined at this stage, but for some evaluation, it is inevitable to have some analysis for the affected requirements even the purpose of the evaluation is to facilitate the LP-WUS signal design. According to the discussion in both RAN4 and RAN1, it seems that most companies are in favor of comparable coverage target for LP-WUR as main radio. Thus, without further inputs from RAN1, similar target of coverage should be the basic assumption for RAN4 further study of LP-WUS/WUR.
Proposal 2: It is assumed that LP-WUR has comparable coverage as main radio for RAN4 study unless different target is informed by RAN1.
For both performance impact as well as requirements impact, we think that the following aspects could be considered as main targets in the following RAN4 evaluation, or at least have high priority during the SI. Details will be discussed in the following sections for such considerations. 
UE RF side
· REFSENS range
· In-channel selectivity
· SNR evaluation
BS RF side
· In-band power boosting
Proposal 3: In-channel selectivity, SNR evaluation for UE side and in-band power boosting for BS side should be studied with high priority during RAN4 study.
LP-WUR architectures
Three UE architectures were discussed in last meeting. Different aspects, e.g. NF range, ACS and multi-band supporting have done some initial evaluation by companies. In the end, regarding multi-band supporting, the following conclusion has been sent to RAN1 [2]:
· 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.
In our view, since the cons for RF envelop architecture is so obvious, not only for multi-band support, but also for not possible to achieve the comparable coverage as main radio, it is reasonable to exclude this kind of architecture for the following RAN4 evaluation. 
Proposal 4: RF envelop detection architecture should be ruled out from the RAN4 study for LP-WUR.
UE RF evaluation
Clarification on guard band
In the WF [1], there is an issue of guard band. During the discussion, we feel that companies may not have a common understanding for the definition of GB for LP-WUS, which is worth of clarification in RAN4 for UE RF evalutaion.
Issue 2-3-4 in WF [1]: Guard band for WUS
Agreements:
· [bookmark: _Hlk128684379]Guard band between LP-WUS and NR signals could be studied 
· Details and definition of guard band for LP-WUS need further study
· Guard band design would be depending on WUR filter parameters, WUS CBW, SNR/SINR 
· FFS Whether the guard band is recommended to RAN1  
There are two kinds of guard band mixed together during the discussion. One is the channel edge guard band, which is the guardband defined for each specific channel bandwidth in the specification, the other one is the in-channel guard band, which is the GB to be evaluated for the SI. To better illustrate the concept of guard band, a figure is provided in Figure 1. No matter where the LP-WUS signal is placed, sandwiched by NR signals for the in-band operation, or the WUS signal is scheduled at the channel edge, the channel edge GB as well as the applicable spectrum related requirements should not be affected
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Figure 1: Guard band for LP-WUS
Observation 1: two kinds or guard band are mixed together during the discussion
Proposal 5: No matter where the LP-WUS signal is located in the channel, the channel edge GB and existing spectrum requirements shall not be affected.
Proposal 6: The study of LP-WUS/WUR should focus on the in-channel guard band between NR signal and LP-WUS signal.
In channel selectivity
Both ACS and Adjacent Sub-Carrier Selectivity (ASCS) were discussed in RAN4. From requirements perspective, they serve different purposes. Generally, ACS is derived from the co-existence study, which reflects the filter rejection capability for the adjacent channel interference. From LS by RAN1, in our understanding the ACS is not the main target for LP-WUS evaluation, as the main scenario is that LP-WUS signal shares the same CBW with NR signals rather than occupying the whole channel BW. Certainly, from requirements perspective, we will define ACS for LP-WUR later in WI stage, but it may not be urgent to be evaluated in the SI unless all RBs are allocated to WUS in a channel BW is also an important scenario to be considered. 
Observation 2: All RBs in a CBW allocated to LP-WUS signal may not be a main scenario to be considered in the SI.
With such observation, we think RAN4 does not need to have further evaluation of ACS, i.e. co-existence scenario of LP-WUS with adjacent NR carrier. Instead, RAN4 should focus on the scenario the LP-WUS and NR share the same CBW and study the possible guard band between these two different signals.
When RAN4 discussed mixed numerology scenario, in-channel guard band was also considered, but the guard band is RB based rather than sub-carrier based. From physical design point of view, RB based guard band is more reasonable. Actually, a similar requirement for such co-channel co-existence was defined in LTE BS specification, i.e. in-channel selectivity (ICS). ICS is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. Such definition is also suitable for the guard band evaluation for LP-WUS and NR signal in the same channel. 
Proposal 7: It is proposed to consider RB based guard band for in-channel analysis of LP-WUS and NR signals, and use ICS instead ASCS for the RAN4 evaluation.
It was agreed to consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point and the agreement in RAN4 was sent to RAN1. In our understanding, the proposal means that the allocated RBs for LP-WUS in a CBW is flexible. We noticed that the evaluation in RAN1 are based on analog filter, e.g. the Butterworth filter adopted for ZIF or IF envelope detection architectures. However, since the filter (as illustrated in Figure 1) for LP-WUS is to filter out the sub-channel based signal rather than band filtering, it is not possible to just consider the analog filter without digital filter in baseband if RB resources for LP-WUS could be changed flexibly. Therefore, the ICS evaluation in RAN4 should consider the implementation of digital filter. 
Observation 3: Analog filter is not suitable for sub-channel filtering if RB allocation is flexible for LP-WUS signal.
Proposal 8: Digital filter as well as analog filter should be considered for ICS evaluation if flexible RB allocation is considered for LP-WUS signal.
SNR evaluation
As discussed in [3], SNR evaluation can reflect RF impairments for LP-WUS study, e.g. frequency error, ADC sampling accuracy, which is important to evaluate the RF requirements impact and it’s also useful for RAN1 LP-WUS signal design. 
For LP-WUS, the test metric should be similar to that of PDCCH, therefore, 1% BLER is adopted for LP-WUS SNR evaluation.
Table 2: Simulation assumptions for SNR evaluation
	Parameters
	Assumptions
	Note

	Modulation
	OOK/FSK/existing OFDMA signals(channels)
	pending on RAN1 progress

	Bandwidth
	4RB
	

	Data rate 
	14 kbps/28 kbps/56 kbps/84kbps
	

	TB size
	48 bit
	

	Manchester code
	½ 
	optional, depends on modulation

	SCS
	15 kHz, 30 kHz
	depends on operating bands

	Channel model
	AWGN
	

	Antenna configuration
	1x1
	

	Test metric
	1% BLER
	similar to PDCCH

	ACI
	4 RB adjacent signal with 16QAM modulation
	optional, for frequency error evaluation

	Guard band
	12SC on both sides
	optional, for frequency error evaluation

	IF Filter
	Butterworth 5th order
Passband width = 1.44 MHz
	optional, for frequency error evaluation

	Frequency offset
	0/15kHz/60kHz/150kHz
	optional, for frequency error evaluation

	ADC bits
	2, 4
	


Proposal 9: It is proposed to have agreement for SNR simulation assumptions.
BS RF evaluation
Power boosting for in-band operation
One issue was discussed in last meeting was the WUS location in the carrier. As discussed for the guard band part, we think the placement for WUS in the channel is flexible from the UE perspective. However, for the BS side, if power boosting for in-band operation is considered, the evaluation for WUS position is necessary as the impact on power booting level could be different when the WUS signal is located in middle of the channel or at the channel edge.
Proposal 10: It is proposed to have BS RF evaluation of power boosting for WUS in-band operation with different WUS locations. 
Conclusion
This contribution provides further consideration on LP-WUS/WUR. With the analysis, we would like to make it clear of what should be evaluated in RAN4 for the SI, and the targeted issues as well as some analysis are provided. 
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