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1 Background
Low-power wake-up signal and receiver for NR was approved as an WI in RAN #102. The WID was further discussed and updated in RAN #103 [1]. 
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements



In this contribution we will discuss REFSENS and ACS/ASCS requirements of low-power wake-up receivers (LP-WUR).  
2 [bookmark: _Hlk131610763][bookmark: _Hlk163131979]Consideration of REFSENS and ACS/ASCS for wake-up receivers 
There are several challenges to define REFSENS and ACS/ASCS for the LP-WUS receiver:
· REFSENS and ACS/ASCS performance metric
· REFSENS and ACS/ASCS value
· How to test REFSENS
REFSENS performance metric
2.1.1 REFSENS performance metric
In NR, REFSENS is defined as the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels [2]. This definition is not applicable to LP-WUR since PDSCH is not defined and no data is transmitted.
[bookmark: _Ref163134535]Observation 1	The REFSENS performance metric of throughput ≥ 95 % of the maximum throughput is not applicable to LP-WUR.
Performance metric has to be based on something else, such as missed detection rate and/or false alarm rate. False alarm is when the WUR reacts (wakes up) to noise, unwanted signal (spurious response), or LP-WUS targeting other UEs if subgrouping is supported. This results in additional power consumption on the UE side, but there is no impact on the network performance. On the other hand, the missed detection rate measures the percentage of UEs that missed the wake-up signal from the network.  Therefore, we propose to use the missed detection rate as REFSENS metric. The value of missed detection rate has been discussed in RAN1 and the value of 1% has been used as simulation assumption [4]. We, therefore, propose to use this value for the REFSENS metric for LP-WUS.
[bookmark: _Ref163134556]Proposal 1	Use 1% missed detection rate as REFSENS metric for LP-WUR.

2.1.2 REFSENS value
Usually the REFSENS is calculated as  , where BW is the utilized BW. Although the metric of REFSENS has to be changed from throughput to missed detection rate, the equation above is still valid. (Diversity gain is usually included in the equation but not applicable here, and therefore left out).
One of the key issues to derive the REFSENS is to identify the required SNR based on the proposed REFSENS metric (1% missed detection rate) in section 2.1. As an example, -1 dB SNR is used for NR and LTE REFSENS. For LP-WUS, RAN4 needs to identify the new SNR value that can support 1% missed detection rate based on link level or system level simulations. IM is the baseband implementation margin and usually a few dB. Note that the RF (analog) implementation margin as well as margin for extreme conditions (e.g., temperature and voltage) are included in the noise figure.
[bookmark: _Ref163135677]Proposal 2	RAN4 needs to identify the required SNR based on the proposed REFSENS performance metric (1% missed detection rate).
In addition, two possible implementations on the LP-WUS have been discussed, one with OOK receiver and one with OFDM receiver. In general, both types of receivers need to support sufficient coverage of LP-WUS (as PUSCH of Msg 3) [4]. Therefore, from the aspect of defining minimum requirements, RAN4 should aim to define one set of requirements covering all types of receivers. 
[bookmark: _Ref163135685]Proposal 3	RAN4 should aim to define one set of requirements covering all types of LP-WUS receiver. 
Practically, it is intuitive to understand that the OFDM-based receiver may perform better than the OOK receiver due to lower noise figure and more advanced signal processing capability (both amplitude and phase are used in demodulation in OFDM receivers but only amplitude in OOK receivers). Therefore, it might be more reasonable to define the minimum requirement based on the OOK receiver. 


ACS and ASCS
The legacy ACS requirements is measured with the same performance metric as REFSEN as the throughput ≥ 95 % of the maximum throughput. However, as discussed in section 2.1, missed detection rate is a more proper metric for LP-WUS receiver and thus we propose that the same performance metric should be used for ACS and ASCS requirements.
[bookmark: _Ref163135694]Proposal 4	Use 1% missed detection rate as ACS and ACSC metric for LP-WUR.
From the network aspect, the ACS and the ASCS levels depend on the co-existence requirement, while from the UE implementation aspect, they are given by the filter implementation and the number of guard RBs. From the network co-existence aspect, it is expected that the LP-WUS needs to co-exist with other NR signals and tolerate the same level of interference. Thus, it is reasonable to set the same ACS level for the LP-WUS receiver as the main receiver. For ACSC, as this requirement is to tolerate the in-band interference, it could potentially be more relaxed than ACS. Therefore, RAN4 should further investigate if ACSC requirements should be set in the same way as ACS requirements.
[bookmark: _Ref163135620]Observation 2	Since the LP-WUS needs to co-exist with other NR signals, it is reasonable to set the same ACS level for the LP-WUS receiver as the main receiver.
[bookmark: _Ref163135698]Proposal 5	Define the ACS requirement for LP-WUS as 33 dB and further investigating if the ACSC should be set to the same value as the ACS requirement.
Once RAN4 agrees on the ACS and ASCS requirements, RAN4 could further derive the number of guard RB based on some practical filter assumption. 
[bookmark: _Ref163135704]Proposal 6	RAN4 shall derive the number of guard RB based on some practical filter assumption once the ACS/ASCS requirement is agreed. 
Testability of LP-WUS
From the testability aspect, different from the legacy REFSENS or ACS test for the main receiver, there will be no ACK/NACK for the LP-WUS receiver, and therefore, how the test equipment (TE) shall be able to count the missed detection rate is unclear. One possible solution is to implement a dedicated test mode to allow the UE to provide feedback on the received wake-up signal. As an alternative, 3GPP may also investigate whether succeeding transmissions (e.g., PRACH) on the main radio can be detected by the TE once the UE has been woken up. In either case, RAN4 may consider leaving the testability discussion to RAN5. 
[bookmark: _Ref163135623]Observation 3	As there is no feedback on the LP-WUS receiver upon the wake-up signal, it may need a test mode so that the TE can measure the missed detection rate. 
[bookmark: _Ref163135625]Observation 4	As an alternative to the test mode, 3GPP may also investigate whether succeeding transmissions from the main radio can be detected by the TE to measure the missed detection rate once the UE has been woken up.
[bookmark: _Ref163135711]Proposal 7	RAN4 may consider leaving the testability discussion to RAN5.
1. Conclusion
In this contribution, we have discussed low-power wake-up signal and receiver for NR. The following observations and proposals have been made:
Observation 1	The REFSENS performance metric of throughput ≥ 95 % of the maximum throughput is not applicable to LP-WUR.
Observation 2	Since the LP-WUS needs to co-exist with other NR signals, it is reasonable to set the same ACS level for the LP-WUS receiver as the main receiver.
Observation 3	As there is no feedback on the LP-WUS receiver upon the wake-up signal, it may need a test mode so that the TE can measure the missed detection rate.
Observation 4	As an alternative to the test mode, 3GPP may also investigate whether succeeding transmissions from the main radio can be detected by the TE to measure the missed detection rate once the UE has been woken up.
Proposal 1	Use 1% missed detection rate as REFSENS metric for LP-WUR.
Proposal 2	RAN4 needs to identify the required SNR based on the proposed REFSENS performance metric (1% missed detection rate).
Proposal 3	RAN4 should aim to define one set of requirements covering all types of LP-WUS receiver.
Proposal 4	Use 1% missed detection rate as ACS and ACSC metric for LP-WUR.
Proposal 5	Define the ACS requirement for LP-WUS as 33 dB and further investigating if the ACSC should be set to the same value as the ACS requirement.
Proposal 6	RAN4 shall derive the number of guard RB based on some practical filter assumption once the ACS/ASCS requirement is agreed.
Proposal 7	RAN4 may consider leaving the testability discussion to RAN5.
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