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1. Introduction
As agreed in RAN4#108 and RAN4#108bis [1][2]:Issue 1-1-1: Required number of guard RBs for LP-WUS ACS
Agreement in RAN4#108: 
· Inform RAN1 the guard RB numbers for LP-WUS ACS proposed by companies in this RAN4 meeting.
· For 5th order filter, the guard RB number is in the range of 1RB ~ 3RBs for 30KHz SCS, or 2RBs ~6RBs for 15KHz SCS.
· Include the assumption information in the LS to RAN1.
Agreements in RAN4#108bis:
· Capture simulations results contributed this meeting as company input to TR. 
· Keep current agreement in reply LS as it is and add a sub-bullet to say that the required guard RBs might be updated/confirmed next meeting based on data considering additional/combined RF impairments, if needed. 

Issue 1-2-1: required Guard RBs for LP-WUS ASCS 
Agreement in RAN4#108: 
· Inform RAN1 the guard RB numbers for LP-WUS ASCS proposed by companies in this RAN4 meeting.
· For 5th order filter, the guard RB number is in the range of 0.5RB ~ 2RBs for 30KHz SCS, or 1RBs ~4RBs for 15KHz SCS.
· Include the assumption information in the LS to RAN1.
· Including how to handle ACS and ASCS simultaneous
Agreements in RAN4#108bis:
· Update the required number of guard RBs for ASCS to 0RB~1RB for 30kHz SCS, capture in TR as RAN4 evaluation outcome.

Issue 1-2-1: Guard RBs placement for LP-WUS ACS case  
Agreements:
· For ASCS, the guard RBs belongs to “WUS carrier”, the overall RBs should within “WUS carrier” bandwidth.
· For ACS, 
· Option 1: the required RBs are RB offset between WUS carrier bandwidth edge and channel edge, 
· RBs within the offset may not be blanked.
· [bookmark: _Hlk149646102]Guard RBs within WUS carrier bandwidth should be taken into account in addition to required RBs
· Option 2: the required guard RBs are RBs within WUS carrier bandwidth.
· FFS on how to allocate guard RBs for ASCS and ACS purpose
· NOTE: for evaluation purpose, WUS carrier bandwidth is the bandwidth of WUS signal plus guard RBs, e.g., 25PRBs for 15Khz SCS and 14PRBs for 30KHz SCS

Issue 1-3-1: Noise Figure range for LP-WUR (LR) 
Agreements in RAN4#108
· Regarding the NF in RAN1 evaluation, RAN4 will derive RF requirement based on updated NF which is feasible from coverage and implementation perspective in WI phase. 
· For LP-WUS evaluation, RAN4 could use ~9dB NF and X dB SNR (FFS channel) as an example assumption for MR coverage discussion. 
· Encourage companies to share assumed NF of each architecture of LR next meeting. 
· RAN4 will focus on sensitivity evaluation instead of specific NF value in WI phase.

Issue 1-4-1: Possible LP-WUS power range
Agreements in RAN4#108
· For OFDM-based WUS waveform, reuse existing NR RE power control dynamic range of BS in TS 38.104 for LP-WUS as starting point. WUS power boosting should minimize any impacts on legacy UEs.
· RAN4 further check the feasibility of 6dB power boosting for LP-WUS assumed by RAN1
Agreements in RAN4#108bis:
· Manufacture could declare power boosting for WUS signal is supported and the boosting level from 0 dB to [x]dB. Final [x] will be decided in WI phase based on further analysis.
· Encourage companies to provide analysis in RAN4#109 for upper bound of power boosting level.

Issue 1-5-1: Band operation for LP-WUS 
Agreements in RAN4#108bis:
· RAN4 can consider the following scenarios and analyse RF impacts in WI phase: 
· The IMT band for LR and MR is the same, e.g., WUS within a NR band for LP-WUR, WUS and NR DL could be TDM/FDM mode. 
· The IMT band for LR and MR can be different, e.g., WUS located within a NR band for LP-WUR, and another NR band for MR.






This contribution shares views on concluding LP-WUS receiver architectures RF study in RAN4. In our understanding the main issues for the RAN4 study in the SI have been addressed given the latest progress in RAN4. In this meeting, the group should discuss the following aspects to conclude LP-WUS RF study:
· Whether the Required number of guard RBs for LP-WUS ACS could be updated 
· Whether the guard RBs for ACS should be blanked, whether the guard RB for ACS belongs to WUS carrier bandwidth
· Assumed range of NF of each LR architecture (sensitivity evaluation is WI scope, no need specific NF agreements in SI) 
· Possible power boosting [x]dB

A draft TP to capture RAN4 outcome is also prepared in [4].
2. Low-power WUR architectures
2.1. Noise figure for LP-WUR
LR: LP-WUS receiver; MR: Main Receiver.
As we analyzed in RAN4#108bis meeting, the noise figure assumption is different in RAN1 and RAN4, in TR 38.869:
· For OOK-based WUR: 1. RF envelope detection, NF 12~22 dB; 2. Heterodyne architecture with IF envelope detection, NF 9~15 dB; 3. Homodyne/zero-IF architecture with baseband envelope detection, NF 10-16 dB;
· For OFDMA-based WUR: 1. Time-domain correlation, NF 7-25dB; 2. Frequency-domain correlation , NF 7-12 dB;
Corresponding NF vs Power consumption evaluated in RAN1 captured in TR 38.869, summarized as following:
· For OOK-based WUR:
Table 7.1.1a-1 Relative power consumption and noise figure for OOK-1/2/4 with RF envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]

	Power consumption
(ON state)
	0.05 for single-branch, 0.01 for each additional branch
	0.01
	0.01~0.1
	0.01
	0.01~0.1
	0.05~0.2

	Noise figure (dB)
	20
	17~22
	[12-18]
	20
	15
	20



Table 7.1.1a-2 Relative power consumption and noise figure for OOK-1/2/4 with heterodyne architecture with IF envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 for each additional branch
	0.5
	0.1~1
	0.1
	0.1~1
	1~4

	Noise figure (dB)
	15
	10~15
	[9-15]
	15
	12
	12~15



Table 7.1.1a-3 Relative power consumption and noise figure for OOK-1/2/4 with homodyne/zero-IF architecture with baseband envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]
	[7A-7]
	[7A-8]
	[7A-9]
	[7A-10]

	Power consumption
(ON state)
	0.09 for single-branch, 0.01 or 0.02 for each additional branch
	0.5
	0.1~1
	0.1
	0.05~
0.5
	0.5~1
	0.1~0.5
	4
	~1
	0.1~0.5

	Noise figure (dB)
	15
	10~15
	[10-16]
	15
	12
	15
	12~15
	15
	~15
	12



· For OFDM-based WUR:
Table 7.1.1a-8 Relative power consumption and noise figure for OFDM-based signal with time-domain correlation
	Source reference
	[7A-1]
	[7A-3]
	[7A-5]
	[7A-6]
	[7A-7]
	[7A-8]
	[7A-9]

	Power consumption
(ON state)
	0.15~0.2
	10
	10~20
	10~30
	1~5
	10~20
	~5

	Noise figure (dB)
	15
	9.5
	9.5 or 12
	9
	7~10
	9
	15~25



Table 7.1.1a-9 Relative power consumption and noise figure for OFDM-based signal with frequency-domain correlation
	Source reference
	[7A-2]
	[7A-3]
	[7A-5]
	[7A-7]
	[7A-10]
	[7A-10]

	Power consumption
(ON state)
	10
	30
	20~30
	1~5
	10
	4

	Noise figure (dB)
	7~12
	7
	9.5 or 12
	7~10
	9
	12



The above assumed NF of each architecture has dependency on power consumption. NF range in RAN1 for each architecture is quite large, the lower bound and upper bound may not be reasonable from RAN4 perspective.
In the attachment of TR 38.869 v1.0.0, annex8.2 (coverage evaluation) Coverage excel sheet, the NF of MR is assumed as 7dB, re-summarized in the following table: 
Table 1: NF assumption of MR used in RAN1 for coverage evaluation
[image: ]
The typical NF assumption of MR is different, which is assumed as ~9dB when developing REFSENS in RAN4, however, assumed as 7dB in RAN1.
Based on above observations, it would be difficult to discuss the absolute value of NF of each architecture. To align the understandings, we proposal to consider the relative offset between MR and LR, for further discussions. If use 7dB MR as baseline in RAN1, then the relative NF of LR in RAN1 assumption can be re-summarized as following:
· For OOK-based WUR: 1. RF envelope detection, delta NF 5~15 dB; 2. Heterodyne architecture with IF envelope detection, delta NF 2~8 dB; 3. Homodyne/zero-IF architecture with baseband envelope detection, delta NF 3-9 dB;
· For OFDMA-based WUR: 1. Time-domain correlation, delta NF 0-18 dB; 2. Frequency-domain correlation, delta NF 0-5 dB;
To move forward, we propose to check whether the delta NF values could be more converged based on considerations of implementation perspective and potential RF requirements. 
To ensure a better coverage/sensitivity of LP-WUS, the NF of different architecture is expected not much worse than main receiver. We propose the following range for discussions:
- for OOK based WUR:
· RF-ED delta NF: [3~10] dB 
· IF-ED delta NF: [1~6] dB
· BB-ED delta NF: [1~7] dB
- for OFDMA based WUR:
· Time-domain correlation delta NF: [0~7] dB
· Frequency-domain correlation delta NF: [0~3] dB

Based on agreed “use ~9dB NF and X dB SNR (FFS channel) as an example assumption for MR”, we propose the following NF gap (with Y dB SNR for LP) for discussion:
Proposal 1: The following delta NF (gap between LR and MR) with Y dB SNR for WUR can be discussed in RAN4: 
For OOK based WUR:
· RF-ED delta NF: [3~10] dB 
· IF-ED delta NF: [1~6] dB
· BB-ED delta NF: [1~7] dB
For OFDMA based WUR:
· Time-domain correlation delta NF: [0~7] dB
· Frequency-domain correlation delta NF: [0~3] dB

However, as also agreed the specific NF is no need to conclude, instead, RAN4 will focus on sensitivity evaluation instead of specific NF value in WI phase. Therefore, detailed NF and SNR discussion can be further discussed in WI phase based on Rel-19 scope with clear decisions on waveform and coverage.
Proposal 2: RAN4 should further discuss sensitivity in WI based on clear Rel-19 scope of waveform and coverage consideration. 

2.2. BS Power range for LP-WUS
RAN4 agreed that LP-WUS power boosting is beneficial for coverage, and this feature can be supported by BS based on manufacture declaration [3]. One leftover issue is the potential upper value for power boosting: 
Manufacture could declare power boosting for WUS signal is supported and the boosting level from 0 dB to [x]dB. Final [x] will be decided in WI phase based on further analysis.
RAN1 use 3dB and 6dB in the evaluation, it would be helpful for RAN4 to check whether 6dB could be feasible based on manufacture declaration.
Proposal 3: Keep 6dB as tentative value of [x] in SI phase. Specify this power boosting requirement in WI phase.
 
2.3. Guard RBs for LP-WUS ACS
In last RAN4 meeting, companies have different understandings on number of ACS guard RBs and how to treat the guard RBs, e.g., blanked RBs or NR RBs, and locations within/outside LP-WUS carrier. RAN4 reach the following high-level but not particularly rigorous agreements:
· For ACS, 
· Option 1: the required RBs are RB offset between WUS carrier bandwidth edge and channel edge, 
· RBs within the offset may not be blanked.
· Guard RBs within WUS carrier bandwidth should be taken into account in addition to required RBs
· Option 2: the required guard RBs are RBs within WUS carrier bandwidth.
· FFS on how to allocate guard RBs for ASCS and ACS purpose
· NOTE: for evaluation purpose, WUS carrier bandwidth is the bandwidth of WUS signal plus guard RBs, e.g., 25PRBs for 15Khz SCS and 14PRBs for 30KHz SCS

We try to further clarify the ACS guard RBs and prepare the diagrams for TR. In our understanding, the agreed guard RB term should not be changed, it means the required total number of RBs for ASCS or ACS protection, there is no definition misunderstanding. However, the difference is that clearly the guard RB for ASCS is within LP-WUS carrier and must be blanked RB. 
But for ACS, firstly, the required guard RBs may not be blanked RBs based on companies’ analysis. Secondly, given NR RBs at the edge of channel can be counted as “guard RBs” for LP-WUS ACS protection, then do not need to place guard RBs within WUS BW/carrier. RAN4 should just define the min number of required RBs. 
Proposal 4: The term guard RB should not be changed, it is generic for both ACS and ASCS, which means the required number of RBs for interference protection/rejection.
Proposal 5: The required number of guard RBs for ACS (all RBs or partial RBs) may not be blanked RBs which depends on BS implementation. If guard RBs are allocated for NR signal, then ASCS guard RB is needed.

The guard RB definition and diagram in TR can be further interpreted as following:
 
For evaluation purpose, RAN4 define a new term named as guard RB for LP-WUS, which is Granularity of RB for ACS/ASCS protection. Meanwhile, the traditional guardband for NR channel bandwidth defined in Clause 5.3, TS 38.101-1 is unchanged. The LP-WUS guard RB definition can be described different for ASCS and ACS as following:

· For ASCS guard RB, the required guard RB(s) should be blanked RB(s), which belong to WUS carrier/BW (i.e., WUS signal plus ASCS guard RB(s)).
· For ACS guard RB, the required guard RB(s) are RB(s) between WUS signal edge and nearest edge of guardband in a configured NR transmission bandwidth. 
· It includes ASCS guard RB(s) (if allocated) and RBs (which may be used for NR transmission) between WUS carrier/BW edge and nearest edge of guardband in a configured NR transmission bandwidth as in spec TS 38.101-1. 
[bookmark: _Toc142563824]RAN4 agrees there is no need to restrict symmetric guard RBs for interference rejection of WUS, both ACS and ASCS. 
RAN4 suggests overall bandwidth of the wake-up signal in the NR channel i.e., desired signal along with all the required guard RBs shall fit in the maximum transmission bandwidth configuration as defined in Table 5.3.2-1 of TS 38.101-1.


(case 1: WUS within large NR channel)


(case 2: WUS within ~5MHz NR channel)
Figure 7.1.2.1-1: Definition of the guardband of NR channel and guard RBs for both LP-WUS ACS and ASCS


Figure 7.1.2.1-2: Definition of the guardband of NR channel and guard RBs only for LP-WUS ACS

Proposal 6: Update the interpretation of guard RBs in TR based on above descriptions and diagrams. 

2.4. RF requirements
RAN4 has made good progress and achieved some initial agreements on how to develop LP-WUS RF requirements, in WF [2]:Issue 1-6-1: Performance metric for LP-WUR RF requirements 
Agreements:
RAN4 should discuss a new the methodology for WUR requirements in WI phase. Following can be considered:
· BLER
· Misdetection ratio, including paging failure
· others
Issue 1-6-2: LP-WUR Sensitivity 
Agreements:
· FFS, sensitivity requirement depends on RAN-P decision on LP-WUS coverage, which can be discussed in WI phase. 
Issue 1-6-3: LP-WUR test cases 
Agreements:
· The testability issue of LP-WUR RF requirements should be discussed in WI phase.






Given the detailed discussions of requirements dependent on RAN Plenary agreements of Rel-19 scope, we think no further discussion in SI phase is needed. 
3. Conclusion
In this contribution, we share our views on LP-WUR RF and have the following proposals to conclude the study in RAN4:
Proposal 1: The following delta NF (gap between LR and MR) with Y dB SNR for WUR can be discussed in RAN4: 
For OOK based WUR:
· RF-ED delta NF: [3~10] dB 
· IF-ED delta NF: [1~6] dB
· BB-ED delta NF: [1~7] dB
For OFDMA based WUR:
· Time-domain correlation delta NF: [0~7] dB
· Frequency-domain correlation delta NF: [0~3] dB

Proposal 2: RAN4 should further discuss sensitivity in WI based on clear Rel-19 scope of waveform and coverage consideration. 
Proposal 3: Keep 6dB as tentative value of [x] in SI phase. Specify this power boosting requirement in WI phase.
Proposal 4: The term guard RB should not be changed, it is generic for both ACS and ASCS, which means the required number of RBs for interference protection/rejection.
Proposal 5: The required number of guard RBs for ACS (all RBs or partial RBs) may not be blanked RBs which depends on BS implementation. If guard RBs are allocated for NR signal, then ASCS guard RB is needed.
Proposal 6: Update the interpretation of guard RBs in TR based on above descriptions and diagrams. 
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