[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #111                                           R4-2407649
Fukuoka, Japan, May 20th – 24th, 2024

Source: 	Huawei, HiSilicon
Title: 	On general aspects for Rel-19 LP-WUS
Agenda Item:	10.14.1
Document for:	Approval
Introduction
A revised WID with objective related to SCell dropping was agreed in last RAN meeting [1]:
5) Specify the solution that prevent transmission power dropping on the cell with lower priority order for FR1 and FR2 CA
· The solution applies for both intra-band UL CA and inter-band UL CA within the same frequency range.
· Update RAN1, RAN2 specification on the impact of the solution if any

This contribution provides analysis on addressing the issue.
Discussion
Operating bands
Operating bands, or priority of bands for Rel-19 LP-WUS/WUR have been discussed in last meeting, however, no conclusion yet. The following agreement is still open for all possibilities. 
Agreement:
· Focus on FR1 licensed bands
· FR2 is not precluded
FFS on which licensed bands will be chosen as example bands for band specific requirements
Though FR2 is not precluded, seems the PHY design in RAN1 is targeting to FR1. The option can be kept as it is, but the following discussion in RAN4 are mainly focused on FR1.
Regarding FR1 licensed bands, it is noticed that the NF could be different for different bands, even without considering the Tx noise impact to Rx as for FDD bands, the NF for TDD bands are not always the same. Thus, generally, it is expected that RF requirements for LP-WUS/WUR, especially REFSENS, would be band specific. 
It is also noticed that the applicable BS type which could support power boosting for LP-WUR is under discussion from last meeting, if some BS types, usually also band dependent, are not capable of power boosting, which may also have an impact on the coverage for LP-WUS.
Given above consideration, owing to the concern on coverage, operating bands less than 2GHz are slightly preferred by us, at least for the study in Rel-19.
Proposal 1: It is proposed to select some FR1 bands lower than 2GHz as starting point for LP-WUS/WUR in Rel-19.
Channel bandwidth and RB numbers
During the SI study, both 1.4MHz and 5MHz are considered as candidate CBW for LP-WUS. In last RAN1 meeting, the following agreement was agreement.
	Agreement in RAN1#116bis
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz.
· X to be down-selected between 11 and 12 PRBs 
· FFS the number of PRBs for 15kHz
· FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
FFS: Whether the above is applicable to FR2.


It is noted that the agreement is around 5MHz. Notably, the RB numbers will only be down-selected between 11 and 12 PRBs in terms of 30kHz SCS, which is required RB number to fulfill the LP-WUS functionality determined by RAN1 rather than by RAN4 on guard RB evaluation from the co-existence perspective. Preferably, the CBW for LP-WUS is 5MHz unless the guard RBs for further evaluation in RAN4 exceeds the required RBs determined by RAN1. For ACS and ASCS, since the LP-WUS is inside the NR channel BW, the guard RBs together with required RBs larger than 5MHz may not be a big issue, but for REFSENS, as discussed in last meeting, only LP-WUS should be considered in the 5MHz CBW. Considering the possible operating may also cover FDD bands, and the required RBs by RAN1, it would be better to specify the REFSENS based on 15kHz SCS, and the specific guard RBs for 15kHz as well as 30kHz SCS are FFS. 
The CBW is also related to the operating bands. For FDD bands, the channel BW is not very large, and the max CBW is 50MHz, while for TDD bands, the CBW could be as large as 100MHz for FR1. Since LP-WUS is imbedded in the NR carrier for in-band operation, the smaller the NR CBW, the less possibility for boosting power of LP-WUS. Thus, the CBW and operating bands should be considered for the evaluation of power boosting. 
Observation 1: Required RB numbers for CBW equal or larger than 5MHz are already determined by RAN1
Observation 2: Channel BW is relevant to the operating bands, which is also related to the discussion of BS power boosting as power is shared between LP-WUS and NR signal
Proposal 2: It is proposed to specify the LP-WUS requirements based on 5MHz and FFS on the NR CBW. Determination of NR CBW depends on further discussion on operating bands and BS power boosting.
Set of requirements
On one set or multi-sets of requirements, the following aspects have been discussed and captured in the WF. 
Way forward: 
· Discussions could be separated for OOK-based receiver and OFDM-based receiver. And latter stage to discuss whether a generic requirement could be defined, or not.
· Further discuss the possibility of a dedicated set of requirements for OOK LP-WUR 
· FFS whether there is any other factors should be considered for LP-WUR requirements discussion
· SNR and NF may be different for these two types.
It is known that three candidate UE architectures for LP-WUR have been discussed in Rel-18, of which the NF are expected to be different. To accommodate implementation flexibility, e.g. OOK-based and OFDM-based receivers, we think at least different NF should be considered.
Regarding SNR, the methodology adopted by RAN1 is targeted to the achievable coverage of PUSCH of MSG3.
	Conclusion in RAN1#116bis: 
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


If the target is to have the same coverage of MSG3, it may result in worse SNR in conjunction with better NF, which should not be the target pursued by RAN4. As SNR in determining REFSENS is the required SNR from performance perspective, if LP-WUR can achieve better SNR together with better NF, that should be what RAN4 strive to. In that sense, same or different SNR both could be considered, but no limitation that two sets of requirements can only achieve the same coverage of MSG3, in other words, similar coverage of MSG3 is the minimum demand for specifying the requirement, which is not the upper bound for determining combination of SNR and NF. 
Proposal 3: To accommodate different UE architectures, two sets of requirements at least with different NF should be considered for LP-WUR.
Proposal 4: No need to combine SNR and NF together to target the same coverage of MSG3 for different set of requirements. 
RF impairments and general assumptions
During the discussion of LLS for evaluation of ACS, WF on RF impairments is considered as follows.
Way forward: 
· Use SI assumption as a starting point, further confirm and align the simulation parameters next meeting
· Necessary update and alignment on parameters, e.g., number of WUS RB, RF impairment, ADC bit, and performance metric is required before starting the work.  
With above WF and the study during SI, we think at least ADC bit and frequency error should be considered for evaluation in LLS to determine the required SNR.
It is understood that 1-bit ADC has lower power consumption compared to higher resolution ADC, however, the bit width of ADC determines the dynamic range of the receiver and the demodulation performance. The selected implementation is for the purpose of certain design targets, namely the balance between the performance requirement and the power consumption. 
The cited figure below shows the performance evaluation for different ADC bits [9]. 
[bookmark: OLE_LINK13]   [image: ][image: ]
Figure 1: Detection performance of low-power WUR with different ADC resolution: 1, 2, 4, 8 [4]
Clearly it can be seen that the required SNRs to demodulate LP-WUS are quite different for different ADC bits. In addition, less ADC bits means smaller dynamic range for the receiver. If the wanted signal is much smaller in contrast to adjacent interferers, it may not be possible to demodulate the LP-WUS signal with a limited dynamic range receiver. According to RAN1 study, it seems 4-bit ADC could be a good trade-off between power consumption and performance demand.
Proposal 5: It is proposed to consider 4-bit ADC as assumption for the following LLS evaluations. 
Regarding frequency error, sufficient simulation results have been presented in the previous study. For the frequency offset, a quite large range have been considered in the simulation. Again, the parameter is also a tradeoff between implementation and performance. Given the implementation capability, max 50 ppm (100kHz @ 2GHz) could be considered in the following analysis.
Proposal 6: It is proposed to consider max 50ppm as assumption for frequency error of LP-WUR in the LLS evaluation.
Phase noise as an impairment was also discussed in Rel-18, the main impact hinged to phase noise is reflected by reciprocal mixing. Usually, reciprocal mixing is considered for the case where there is a strong interferer and the phase noise especially the far end noise floor is not very good. We can use the phase noise profiles in [4] to have some rough estimation for the impact on ACS. The phase noise at 5MHz frequency offset is about -120dBc/Hz, which is much larger than the usual LO character. For simplicity, we use the ACS requirement for MR as an example. The ACS interferer level is REFSENS+45.5dB for 5MHz CBW. Since no Tx impact, the REFSENS of HD-FDD RedCap UE with 1 Rx antenna port for band n3 is referred here, namely -95.3dBm/5MHz. The interferer would be -49.8dBm/5MHz correspondingly. The noise falling to the wanted signal CBW is then -102.8dBm/5MHz. Note that the noise raising caused by reciprocal mixing is much lower than the noise floor for REFSENS, not to say that the reference level for ACS is allowed to be degraded as much as 14dB, therefore, the phase noise impact is not an issue for ACS requirement even with a worse performed LO for LP-WUR, and it is expected that it also has less impact for blocking requirements. 
Observation 3: The reciprocal mixing has less impact on ACS and blocking requirement even with a worse performed LO for LP-WUR.
Proposal 7: Phase noise as an RF impairment could be considered as a UE implementation issue, but no need to be considered in specifying the ACS and blocking requirements.
Performance metric
For performance metric, the following agreement has been reached in last meeting.
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
In principle, miss-detection rate is considered as performance metric for LP-WUS requirements, the undermined is whether false alarm-rate should be considered as well.
It is noted that both miss-detection rate and false-alarm rate have been considered by RAN1 for the LLS simulation assumption [3].  
	MDR/FAR assumption
	The miss-detection rate (MDR) of LP-WUS 1%,
The false-alarm rate (FAR) of LP-WUS
-	0.1%, 1%
-	Other values are not precluded for studying, reported by companies
Note: if LP-WUS for wake-up indication consists of two parts or even multiple parts, the proposed MDR/FAR should take into account the reception performance of the two or more parts jointly
The above values are applied in both RRC CONNECTED and IDLE/INACTIVE mode.
FFS FAR requirement based on the study outcome of the impact of FAR on power consumption / power saving gain / system overhead.

The FAR definition does NOT include the impact of the falsely alarmed for wake-up due to the detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group.

For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple LP-WUS attempts/trials,
-	UE has N attempts within T, 
-	Company to report (FAR target, T, N)
-	For example, 
-	if UE makes a single decision based on multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
-	if UE performs decoding in a monitor occasion, a single decoding is considered as ONE trial/attempt.
-	If UE performs N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design.


Two values of false-alarm rate have been evaluated by RAN1 during the SI study, i.e. 0.1% and 1%. Extremely lower false-alarm may require unnecessarily stringent SNR requirement for LP-WUR. We think that 1% for both miss-detection rate and false-alarm rate would be an appropriate choice. 
Proposal 8: Both miss-detection rate and false-alarm rate should be considered in specifying the Rx requirements for LP-WUR.
Conclusion
This contribution provides further consideration on general aspects for LP-WUS/WUR. With above analysis, we have the following observations and proposals:
Proposal 1: It is proposed to select some FR1 bands lower than 2GHz as starting point for LP-WUS/WUR in Rel-19.
Observation 1: Required RB numbers for CBW equal or larger than 5MHz are already determined by RAN1
Observation 2: Channel BW is relevant to the operating bands, which is also related to the discussion of BS power boosting as power is shared between LP-WUS and NR signal
Proposal 2: It is proposed to specify the LP-WUS requirements based on 5MHz and FFS on the NR CBW. Determination of NR CBW depends on further discussion on operating bands and BS power boosting.
[bookmark: _GoBack]Proposal 3: To accommodate different UE architectures, two sets of requirements at least with different NF should be considered for LP-WUR.
Proposal 4: No need to combine SNR and NF together to target the same coverage of MSG3 for different set of requirements. 
Proposal 5: It is proposed to consider 4-bit ADC as assumption for the following LLS evaluations. 
Proposal 6: It is proposed to consider max 50ppm as assumption for frequency error of LP-WUR in the LLS evaluation.
Observation 3: The reciprocal mixing has less impact on ACS and blocking requirement even with a worse performed LO for LP-WUR.
Proposal 7: Phase noise as an RF impairment could be considered as a UE implementation issue, but no need to be considered in specifying the ACS and blocking requirements.
Proposal 8: Both miss-detection rate and false-alarm rate should be considered in specifying the Rx requirements for LP-WUR.
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