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1	Introduction 
The study on low-power Wake-up Signal and Receiver for NR has been added to the 3GPP Rel-18 work plan with the following objectives [1]:

	· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· 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
· 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] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 



Over the past several meetings, RAN4 has been discussing aspects related to the RAN1 LS on LP-WUS [2], with the latest agreements captured in [3-8].

This contribution provides our views on the next steps for system level evaluations needed for LP-WUS coexistence.
2	Discussion
In an effort to set up a framework for the evaluation of the coexistence feasibility of the separate band WUS concept, we have relied on the RAN4 coexistence simulation framework, as described in TR36.942.

Table 1: Simulation assumptions
	Parameter
	Value

	Fc
	2500 MHz

	ISD
	500m

	Channel model
	UMa

	DL ACIR (dB)
	{25,30,35,40,45} dB



Unlike the existing coexistence simulation framework, where a physical layer abstraction is used to calculate each user’s throughput from the user’s SNR and SINR (see A.1 in TR36.942), an abstraction model to calculate each user’s WUS misdetection rate from SNR/SINR is needed.  We refer to the physical layer design submitted to RAN1 in [10] for this purpose.  Since the coexistence simulation can generate conditions for SNR/SINR to be beyond the range of the link level simulations, some interpolation and truncation is also needed.  Figure 1 below illustrates the link level simulation results of probability of misdetection (red circles) and the interpolation/truncation applied to these points (blue line). We have used these link level simulation results to map the SNR/SINR of each user to the probability of misdetection in the preliminary simulation result presented in this paper.

[image: ]
Figure 1: Link level simulation results used to map SNR/SINR to probability of misdetection (see [10])
We anticipate that different companies will propose different WUS designs, different PHY designs, and different impairments.  This is just a preliminary result to get RAN4 started toward developing the evaluation framework.

Following the established coexistence simulation framework, we collect DL SNR/SINR and misdetection rate statistics, as illustrated in Figure 2 below (for a run with ACIR=30 dB).

[image: ][image: ]
Figure 2: Distributions of downlink SNR/SINR and misdetection rate for ACIR=30 dB

The misdetection rate is shown for the reference (no interference) and for the case with interference (ACIR=30).  The delta in the misdetection rate between reference and interference cases is calculated at the 50th percentile to give the summary results in Figure 3 (swept over ACIR).

Collecting the results over the sweep of ACIR, we obtain the percentage misdetection rate increase, as shown in Figure 3 below.
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Figure 3: Percentage of misdetection rate increase vs. ACIR

As RAN4 continues to discuss the evaluation framework for both ACS and ASCS, it is useful to further align the companies’ understanding and to pursue the coexistence simulation framework.  The preliminary results presented in this paper establish a baseline for separate band WUS in terms of the percentage of misdetection rate increase.  Further fine-tuning of the simulation assumptions can enhance these baseline results.

[bookmark: _Toc142643830][bookmark: _Toc142660213]Observation 1:	Coexistence simulations evaluating separate band WUS can establish the feasibility of the corresponding system architecture. 

For WUS in-channel with the NR signal, coexistence simulations can help to determine the size of guard gap between the WUS and NR RBs and also the ASCS level as well as overall impact on base station and UE requiements.  We intend to incorporate the corresponding adjacent subcarrier interference and rejection models into the LP-WUS coexistence simulation framework.  Most importantly, a comparison on the basis of WUS misdetection rate increase can be made between separate band and in-band WUS system architectures.

[bookmark: _Toc142643831][bookmark: _Toc142660214]Observation 2:	Coexistence simulations can establish a comparison on the basis of WUS misdetection rate increase between separate band and in-band WUS system architectures. 

[bookmark: _Toc135048015][bookmark: _Toc135048025][bookmark: _Toc135048110][bookmark: _Toc142643829][bookmark: _Toc142660212]Proposal 1:	RAN4 shall study the impact of both separate band WUS and in-band WUS system architectures on the WUS misdetection rate in the context of system level coexistence simulations.

3	Conclusions
This contribution provides our views on the next steps for system level evaluations needed for LP-WUS coexistence.  The following observations and proposals are made:


Proposal 1:	RAN4 shall study the impact of both separate band WUS and in-band WUS system architectures on the WUS misdetection rate in the context of system level coexistence simulations.

Observation 1:	Coexistence simulations evaluating separate band WUS can establish the feasibility of the corresponding system architecture.
Observation 2:	Coexistence simulations can establish a comparison on the basis of WUS misdetection rate increase between separate band and in-band WUS system architectures.
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