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1 Background
Low-power wake-up signal and receiver for NR was discussed in RAN4 #110bis [1] and a WF was agreed [2].
The WF in short:
· Focus on FR1, FR2 not precluded.
· FFS one or two sets of requirements, OOK-based receiver / OFDM-based receiver.
· 1Rx is supported in FR1. FFS RX diversity.
· Performance metric for REFSENS: X% missed detection rate, X value FFS, false alarm rate FFS.
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM
· FFS required number of guard RB for ASCS
· The same interference level as for main radio is assumed for LP-WUR
· Test metric should be aligned with performance metric for Rx requirements.

The updated WI for low-power wake-up signal and receiver for NR from RAN #103 is found in [3]. 

In this contribution we will further discuss REFSENS and test metric thereof of low-power wake-up receivers (LP-WUR).  
2 [bookmark: _Hlk131610763]Consideration of REFSENS for wake-up receivers 
REFSENS performance metric
2.1.1 [bookmark: _Ref166066444]REFSENS performance metric
In RAN4#110bis, the following aggreements for the performance metric of REFSENS have been made based on the agreed WF [2]:Issue 2-2-1: Performance metric for REFSENS
Agreement: 
· Use X% missed detection rate as the starting point for performance metric for LP-WUS RF requirements
· FFS on X values
· FFS on whether to have false alarm rate


The value of X was discussed and besides the 1% missed detection rate in the last meeting, as is used as simulation assumption for determining SNR in the TR, also 10% missed detection rate (MDR) was proposed in the discussion. 
The reason for choosing 10% instead of a lower value (1%) is to facilitate testing in our understanding. In order to obtain a 1% test results, it is intuitive to understand that at least 100 LP-WUS sequences are required to be measured in the conformance test. Moreover, based on rule of thumb, the number of tests is preferred to be even 10 times of least required number of sequences., e.g., 1000 LP-WUS sequences may be needed to be tested. Therefore, a high percentage, e.g., 10%, might be more feasible from the test point of view. 
[bookmark: _Ref166068944]Observation 1	Adopting a relatively small percentage value on the MDR may lead to an excessive test time. 
However, one concern regarding adopting a larger percentage in the core requirement, which needs to be discussed further, is how to ensure that the REFSENS requirement defined in RAN4 fulfils the coverage target of LP-WUS. It is our understanding that the LP-WUS should reach the same coverage of Msg. 3 with 1% MDR. Therefore, one possibility is to still define the core requirement according to 1% MDR and scale the corresponding REFSENS level to 10 % MDR (e.g., scaling according to different SNR level of 1% and 10% MDR) in the conformance test.    
[bookmark: _Ref166068949]Observation 2	The coverage of LP-WUS shall meet the Msg. 3 coverage with 1% MDR. 
[bookmark: _Ref166069022][bookmark: _Ref163134556]Proposal 1	Use 1% missed detection rate as REFSENS metric for LP-WUR as a starting point to define the core requirement, and further study if higher percentage can be used while fulfilling the coverage target of LP-WUS. 
[bookmark: _Ref166069024]Proposal 2	RAN4 may consider adopting a higher percentage MDR value, e.g. 10 %, in conformance test by scaling the REFSENS level accordingly. 
False alarm rate has been discussed as an alternative to missed detection rate (or in conjunction with) for determining REFSENS core requirement. REFSENS is a requirement on the receiver to detect a signal over its noise floor (receiver NF and detector-IM). False alarm rate, on the other hand, doesn’t impact the network, and besides it would be a bit awkward with a receiver reacting (false alarm) on the noise floor.
[bookmark: _Ref166068955]Observation 3	REFSENS is a requirement on the receiver to detect a signal over its noise floor and, therefore, should be based on missed detection rate solely.
2.1.2 REFSENS value
In the legacy approach, 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). The agreement in the WF [2] is also to use this approach.Issue 2-2-2: How to specify REFSENS requirements
Agreement: 
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM
· FFS whether to design REFSENS requirements or other requirements to ensure LP-WUR meet the coverage target.
· Side condition for REFSENS test: DL test signal will only have LP-WUS signal. 


From RAN4 perspective, it is difficult to proceed with REFSENS requirement without a final design of LP-WUS signal from RAN1. In particular, the required SNR value needs to be obtained by performing link level simulation with the LP-WUS signal. Therefore, it is proposed that RAN4 shall wait for RAN1 to finalize the LP-WUS signal design before we conclude on the REFSENS requirement. 
[bookmark: _Ref166069026]Proposal 3	RAN4 shall wait for RAN1 to finalize the LP-WUS signal design before concluding on the REFSENS requirement. 
In our view, RAN4 could start the work on selecting a candidate LP-WUR reference architecture from the RF performance and power consumption aspects, to be used for deriving the REFSENS requirements in the future.
[bookmark: _Ref166069027]Proposal 4	It is proposed that RAN4 start to select candidate LP-WUR reference architectures, which will be used to derive the REFSENS requirements in the future.
Based on the discussion during the study [8], it can be observed that the envelope detector (ED) based receiver provides more power saving gain than OFDM based receivers. Although the ED based receiver suffers higher NF than OFDM based receivers, it can still provide sufficient coverage. Therefore, it may be more feasible to adopt an ED based receiver as a starting point to define the REFSENS requirement.  

[bookmark: _Ref166068957]Observation 4	The envelope detector (ED) based receivers provide more power saving gain than OFDM based receivers but are still capable of meeting the coverage target of Msg. 3. As a starting point, they can, therefore, be used as the reference architecture to derive the REFSENS requirement. 
In addition, it has been identified that it is challenging for the RF-ED receivers to support operation on multiple bands and/or carriers. Therefore, it is proposed to down-select the RF-ED receiver. On the other hand, both the zero-IF architecture with baseband ED and the heterodyne architecture with IF ED provide a good compromise between power consumption and receiver performance. In our view, they can, therefore, be used as reference receiver architectures to derive the REFSENS requirements. 
[bookmark: _Ref166069028]Proposal 5	It is proposed to down-select the RF-ED receiver for being used to derive the REFSENS requirements.
[bookmark: _Ref166069030]Proposal 6	It is proposed to adopt the zero-IF architecture with baseband ED and/or heterodyne architecture with IF ED receiver for being used to derive the REFSENS requirements.
As an example, we are assuming that 64 subcarriers of 15kHz plus 4 subcarriers guard band on each side, in total 72 subcarriers are used. In this example, BW = 1.08MHz. NF is estimated to 10-16 dB with zero-IF architecture based on the conclusion in the TR. SNR depends on the missed detection rate and the design of the LP-WUS and, LP-WUR. Our initial simulation result indicate that the required SNR can go up to 15 dB if only 1 bit ADC with the OOK receiver is used. This value is adopted here, as a reference, but needs to be further investigated. IM is the baseband implementation margin and is estimated to 2dB. 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. 
Therefore, by adopting the legacy approach, an example of the calculation of REFSENS, with a conservative estimation, could then be in the below range:
  

Meanwhile, in order to check that the REFSENS value match with the coverage goal we do an estimation below. According to agreement from RAN1 #116bis MIL= 153.51 should be used Conclusion: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE
· Transmit antenna gain correction factors for WUS: up to company report
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately


Using the MIL definition in [4], REFSENS can be written as:

Assuming 


Where we can see that the obtained REFSENS value is in the range of REFSENS values that was calculated from the UE implementation aspect, based on the legacy approach. Once the design of LP-WUS is stable, RAN4 shall fine tune the range of NF and SNR to ensure the obtained REFSENS value will meet the MIL of msg. 3 target. 
[bookmark: _Ref166069031]Proposal 7	Based on the legacy method, RAN4 shall further refine the estimation of NF and SNR, once the LP-WUS signal design is stable, to ensure that the MIL of LP-WUS can be comparable with msg.3, based on the defined REFSENS requirement of LP-WUS. 
2.1.3 One or two sets of requirements
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). 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 8	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, ASCS- and other receiver requirements
The legacy ACS requirements are measured with the same performance metric as REFSEN, as the throughput ≥ 95 % of the maximum throughput. However, as discussed in section 2.1.1, missed detection rate is a more proper metric for LP-WUS receivers and thus we propose that the same performance metric should be used for ACS and ASCS requirements.
[bookmark: _Ref163135694]Proposal 9	The same test metric as used for REFSENS, shall also be used for ACS and ACSC 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 5	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][bookmark: _Ref166069036]Proposal 10	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 11	RAN4 shall derive the number of guard RB based on some practical filter assumption once the ACS/ASCS requirement is agreed. 
[bookmark: _Ref165966048]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 6	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 7	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 12	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	Adopting a relatively small percentage value on the MDR may lead to an excessive test time.
Observation 2	The coverage of LP-WUS shall meet the Msg. 3 coverage with 1% MDR.
Observation 3	REFSENS is a requirement on the receiver to detect a signal over its noise floor and, therefore, should be based on missed detection rate solely.
Observation 4	The envelope detector (ED) based receivers provide more power saving gain than OFDM based receivers but are still capable of meeting the coverage target of Msg. 3. As a starting point, they can, therefore, be used as the reference architecture to derive the REFSENS requirement.
Observation 5	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 6	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 7	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 as a starting point to define the core requirement, and further study if higher percentage can be used while fulfilling the coverage target of LP-WUS.
Proposal 2	RAN4 may consider adopting a higher percentage MDR value, e.g. 10 %, in conformance test by scaling the REFSENS level accordingly.
Proposal 3	RAN4 shall wait for RAN1 to finalize the LP-WUS signal design before concluding on the REFSENS requirement.
Proposal 4	It is proposed that RAN4 start to select candidate LP-WUR reference architectures, which will be used to derive the REFSENS requirements in the future.
Proposal 5	It is proposed to down-select the RF-ED receiver for being used to derive the REFSENS requirements.
Proposal 6	It is proposed to adopt the zero-IF architecture with baseband ED and/or heterodyne architecture with IF ED receiver for being used to derive the REFSENS requirements.
Proposal 7	Based on the legacy method, RAN4 shall further refine the estimation of NF and SNR, once the LP-WUS signal design is stable, to ensure that the MIL of LP-WUS can be comparable with msg.3, based on the defined REFSENS requirement of LP-WUS.
Proposal 8	RAN4 should aim to define one set of requirements covering all types of LP-WUS receiver.
Proposal 9	The same test metric as used for REFSENS, shall also be used for ACS and ACSC for LP-WUR.
Proposal 10	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.
Proposal 11	RAN4 shall derive the number of guard RB based on some practical filter assumption once the ACS/ASCS requirement is agreed.
Proposal 12	RAN4 may consider leaving the testability discussion to RAN5.
4 References
[bookmark: _Ref165899982][bookmark: _Ref163031770][bookmark: _Ref131605137][bookmark: _Ref134805578]R4-2405290		“Topic summary for [110bis][137] NR_LPWUS”, moderator (vivo)
[bookmark: _Ref165899966][bookmark: _Ref165904324]R4-2406619		“WF on NR LP-WUS UE requirements”, vivo
[bookmark: _Ref165900018]RP-240801		“Revised WID: Low-power wake-up signal and receiver for NR (LP-WUS/WUR)”
[bookmark: _Ref165984580][bookmark: _Ref163035109][bookmark: _Ref131665686][bookmark: _Ref146634122]TR 38.830		“Study on NR coverage enhancements, (Release 17)”
TS 38.101-1		“NR; User Equipment (UE) radio transmission and reception”
[bookmark: _Ref165903049]R4-2404252 		“On receiver sensitivity and ACS/ASCS of the low power wake up radio”, Sony
R1-2402967		“LP-WUS and LP-SS design”, Sony
[bookmark: _Ref163465748][bookmark: _Ref131685257]TR 38.869		“Study on low-power wake up signal and receiver for NR”

