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Introduction
In R4#101b-e, when A-MPR was discussed, it was raised that A-MPR for type 1 waveforms was not provided. It was then clarified that for NR-U MPR for Release 16, only type 2 waveforms were evaluated and thus, before any further discussion is pursued on A-MPR, MPR should be assessed and then aspects of type 1 waveforms in terms of in-band PSD should drive the A-MPR discussion. In this contribution, we make a high level analysis of the type 1 waveforms with respect to the PC5 NR-U SEM and ACLR requirements.
Discussion
When NR-U has been introduced in release 16, the focus has been on enabling the technology in the same way it was done for eLAA in UL. The priority for this was evaluating the waveforms that were designed in RAN1 to provide the best power trade-off for partial allocation that, in most unlicensed band regulations, are subject to an in-band PSD requirement. The interlace waveforms (type 2) are specifically designed to spread the PSD across the channel bandwidth to allow the optimum transmitted power. 
Together with fully allocated waveforms these type 2 interlaced waveforms are the only waveforms that have been evaluated to derive NR-U MPR and A-MPR for the relevant regulations in n46, n96 and n102.
In R4#101b-e, it was noted that type 1 are also valid waveforms for NR-U and A-MPR should be derived for these. Before discussing A-MPR, it should be first understood which MPR would apply to such waveforms.
NRU MPR and partial allocation type 1 waveforms
The PC5 NR-U MPR in 38.101-1 for partial allocation is currently defined only for interlaced type 2 waveforms as specified in the NOTE 1 in Table 6.2F.2-1. Table 1 compares the PC3 NR MPR with PC5 N-RU MPR, and it can be seen that the NR-U partial MPR is always higher than all other types of allocations in NR MPR.
Table 1: Comparison of NR PC3 MPR and NR-U PC5 MPR
	Modulation
	NR PC3 MPR (dB) / 
RB allocation
	NR-U PC5 MPR (dB)/ 
RB Allocation

	
	Edge
	Outer
	Inner
	Full
	Partial

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 0.5
	0
	2
	≤ 1.5
	≤ 2.5

	
	QPSK
	≤ 1
	0
	≤ 1.5
	≤ 2.5

	
	16 QAM
	≤ 2
	≤ 1
	≤ 2.0
	≤ 3.0

	
	64 QAM
	≤ 2.5
	≤ 3.5
	≤ 4.5

	
	256 QAM
	≤ 4.5
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5
	≤ 3.5
	≤ 3.5

	
	16 QAM
	≤ 3
	≤ 2
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 3.5
	≤ 5.5
	≤ 5.5

	
	256 QAM
	≤ 6.5
	≤ 7.0
	≤ 7.0



Given that PC3NR is 3 dB higher power than PC5 NR-U and that NR-U has a 3dB relaxed ACLR, one could speculate that partial allocation NR-U MPR should have margin if applied to type 1 partial allocations. In fact this may not be the case because NR and NRU use very different SEM requirements. Not only are the shape and values different, but moreover, the NR-U mask is relative to the peak in-band power in 1MHz while the NR mask is absolute.
The two masks are compared in Table 2 for a 20 MHz channel bandwidth, and they are very different, as an example when the in-band power in 1MHz is < 20dBm which is the case for 1RB for PC5 NR-U, the NR-U mask becomes more stringent the NR mask at 14 MHz offset and improvement with MPR is not rapid since the mask drops with the in-band power making it even more stringent than the NR mask.
Table 2: comparison of NR and NR-U spectrum emission mask
	ΔfOOB
[MHz]
	NR 20MHz
	NR-U 20MHz
	ΔfOOB
[MHz]
	NR 20MHz
	
NR-U 20MHz

	0.1
	 
	 
	-2.0
	dBR/100kHz*
	10.5
	-13.0
	dBm/MHz
	-28.6
	dBR/MHz

	0.2
	-13.0
	dBm/200kHz
	-4.0
	dBR/100kHz*
	11.5
	-13.0
	dBm/MHz
	-29.8
	dBR/MHz

	0.3
	-13.0
	dBm/200kHz
	-6.0
	dBR/100kHz*
	12.5
	-13.0
	dBm/MHz
	-31.0
	dBR/MHz

	0.4
	-13.0
	dBm/200kHz
	-8.0
	dBR/100kHz*
	13.5
	-13.0
	dBm/MHz
	-32.2
	dBR/MHz

	0.5
	-13.0
	dBm/200kHz
	-10.0
	dBR/100kHz*
	14.5
	-13.0
	dBm/MHz
	-33.4
	dBR/MHz

	0.6
	-13.0
	dBm/200kHz
	-12.0
	dBR/100kHz*
	15.5
	-13.0
	dBm/MHz
	-34.6
	dBR/MHz

	0.7
	-13.0
	dBm/200kHz
	-14.0
	dBR/100kHz*
	16.5
	-13.0
	dBm/MHz
	-35.8
	dBR/MHz

	0.8
	-13.0
	dBm/200kHz
	-16.0
	dBR/100kHz*
	17.5
	-13.0
	dBm/MHz
	-37.0
	dBR/MHz

	0.9
	-13.0
	dBm/200kHz
	-18.0
	dBR/100kHz*
	18.5
	-13.0
	dBm/MHz
	-38.2
	dBR/MHz

	1
	 
	 
	-20.0
	dBR/100kHz*
	19.5
	-13.0
	dBm/MHz
	-39.4
	dBR/MHz

	1.5
	-10.0
	dBm/MHz
	-20.4
	dBR/MHz
	20.5
	-25.0
	dBm/MHz
	-40.0
	dBR/MHz

	2
	-10.0
	dBm/MHz
	-20.9
	dBR/MHz
	21.5
	-25.0
	dBm/MHz
	-40.0
	dBR/MHz

	2.5
	-10.0
	dBm/MHz
	-21.3
	dBR/MHz
	22.5
	-25.0
	dBm/MHz
	-40.0
	dBR/MHz

	3
	-10.0
	dBm/MHz
	-21.8
	dBR/MHz
	23.5
	-25.0
	dBm/MHz
	-40.0
	dBR/MHz

	3.5
	-10.0
	dBm/MHz
	-22.2
	dBR/MHz
	24.5
	-25.0
	dBm/MHz
	-40.0
	dBR/MHz

	4
	-10.0
	dBm/MHz
	-22.7
	dBR/MHz
	25.5
	-30.0
	dBm/MHz
	-40.0
	dBR/MHz

	4.5
	-10.0
	dBm/MHz
	-23.1
	dBR/MHz
	26.5
	-30.0
	dBm/MHz
	-40.0
	dBR/MHz

	5.5
	-13.0
	dBm/MHz
	-24.0
	dBR/MHz
	27.5
	-30.0
	dBm/MHz
	-40.0
	dBR/MHz

	6.5
	-13.0
	dBm/MHz
	-24.9
	dBR/MHz
	28.5
	-30.0
	dBm/MHz
	-40.0
	dBR/MHz

	7.5
	-13.0
	dBm/MHz
	-25.8
	dBR/MHz
	29.5
	-30.0
	dBm/MHz
	-40.0
	dBR/MHz

	8.5
	-13.0
	dBm/MHz
	-26.7
	dBR/MHz
	>30
	-30.0
	dBm/MHz
	-40.0
	dBR/MHz

	9.5
	-13.0
	dBm/MHz
	-27.6
	dBR/MHz
	
	
	
	
	



This region below 20 MHz ΔfOOB is subject to IM3 of the wanted signal and its image, and is critical for narrow allocations which are part of the type 1 RB allocations. The IMD5 region is for ΔfOOB between 20 and 40MHz and at an in-band PSD < 10dBm/MHz, again the NR-U mask becomes more stringent.

Observation on SEM: NR-U mask is more stringent than NR mask at larger offsets and notably in the ACLR1 region where IMD3 of narrow allocations with its own image becomes critical. It cannot be concluded that the MPR that allows narrow allocations to meet NR SEM would pass NR-U SEM.
Applicable requirements for in-band PSD
Table 3 provides the in-band PSD requirements across NR-U bands and countries. If there are rare exceptions where an in-band PSD requirement is not set, the main driving cases have strict in-band PSD requirements.
Table 3: In-band PSD requirements in unlicensed bands
	Band
	Country
	CBW (MHz)
	Frequency range (MHz)
	IB PSD (dBm/MHz)

	n46
	Japan
	all
	5150-5350 + 5470-5725
	10

	
	China
	20
	5170-5330 + 5490-5730
	10

	
	
	40
	5170-5330 + 5490-5730
	7

	
	
	60, 80
	5170-5330 + 5490-5730
	4

	
	EU/CEPT
	all
	5150-5350 + 5470-5725
	11

	
	US
	20
	5150-5230 + 5250-5350 + 5470-5850 / 5230-5250
	10 / 4

	
	
	40
	5150-5230 + 5250-5350 + 5470-5850 / 5230-5250
	7 / 4

	
	
	60, 80
	5150-5350 + 5470-5850
	4

	n96

	US
	all
	5925-6425 + 6525-6875 (SP) / 5925-7125 (LPI)
	17 (SP) / -1 (LPI)

	
	Canada
	all
	5925-6875 (SP) / 5925-7125 (LPI/VLP)
	23 (SP) / 5 (LPI) / -8 (VLP)

	
	Brazil
	all
	5925-7125
	-1 (LPI) / -5 (VLP)

	
	Peru
	all
	5925-7125
	-1

	
	Chile
	all
	5925-7125
	-1

	
	Costa Rica
	all
	5925-7125
	

	
	Colombia
	all
	5925-7125
	-1

	
	South Korea
	all
	5925-7125 (LPI) / 5925-6425 (VLP)
	2 (LPI) / 1 (VLP)

	n102
	EU/CEPT
	all
	5945-6425
	10 (LPI) / 1 (VLP)

	
	UK
	all
	5925-6425
	11

	
	UAE
	all
	5925-6425
	

	
	Morocco
	all
	5925-6425
	



One of the reasons one would want to use type 1 allocations, is to enable a lower number of RBs than for the interlace type 2 waveform. For example, using 1 to 9 contiguous RBs for 20MHz bandwidth, but, when using 1RB in a case with an in-band PSD requirement the PSD of that RB is limited to the same level than a 1RB/10 interlace patterns. Instead of an increased UL range, this results in a reduced UL range for the 1RB case since each RB of the 10x1RB/10 interlace will achieve the same SNR at the BS than 1RB and can benefit from lower coding rate by using more RBs.
Table 4 compares the in-band PSD in 1 MHz of type 1 partial allocations with type 2 interlaces at 20dBm (PC5) output power. The top half part of the table focusses on the type 1 partial waveforms with less than 10 RBs which are not feasible for type 2 interlaces while the bottom half compares the full, interlace type 2 and type 1 contiguous RBs for different NR-U channel bandwidths where for partial allocations with the same number of RBs.
Table 4: in-band PSD at 20dBm for different types of waveforms
	 
	
	
	Waveform type
	
	

	BW
(MHz)
	SCS
(kHz)
	WF Coding
	Full
	#RB
	Partial Type 2
(interlace)
	Partial Type 1
(contiguous RBs)
	Delta to interlace
(dB)
	Delta to Full
(dB)

	
	
	
	#RB
	LogBW
	dBm/MHz
	
	logRB
	dBm/MHz
	BW
	dBm/MHz
	
	

	20-100
	15
	CP/DFT
	NA
	NA
	NA
	1
	NA
	NA
	0.18
	20
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	2
	NA
	NA
	0.36
	20
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	3
	NA
	NA
	0.54
	20
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	4
	NA
	NA
	0.72
	20
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	5
	NA
	NA
	0.9
	20
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	6
	NA
	NA
	1.08
	19.7
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	7
	NA
	NA
	1.26
	19
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	8
	NA
	NA
	1.44
	18.4
	NA
	NA

	
	
	CP/DFT
	NA
	NA
	NA
	9
	NA
	NA
	1.62
	17.9
	NA
	NA

	20
	15
	DFT
	100
	12.6
	7.4
	10
	10
	10
	1.8
	17.4
	7.4
	10

	
	
	CP
	106
	12.8
	7.2
	11
	10.4
	9.6
	1.98
	17
	7.4
	9.8

	40
	
	DFT
	216
	15.9
	4.1
	20
	13
	7
	3.6
	14.4
	7.4
	10.3

	
	
	CP
	216
	15.9
	4.1
	22
	13.4
	6.6
	3.96
	14
	7.4
	9.9

	60
	30
	DFT
	162
	17.7
	2.3
	32
	15.1
	4.9
	11.52
	9.4
	4.5
	7.1

	
	
	CP
	162
	17.7
	2.3
	33
	15.2
	4.8
	11.88
	9.3
	4.5
	7

	80
	
	DFT
	216
	18.9
	1.1
	40
	16
	4
	14.4
	8.4
	4.4
	7.3

	
	
	CP
	217
	18.9
	1.1
	44
	16.4
	3.6
	15.84
	8
	4.4
	6.9

	100
	
	DFT
	270
	19.9
	0.1
	54
	17.3
	2.7
	19.44
	7.1
	4.4
	7

	
	
	CP
	273
	19.9
	0.1
	55
	17.4
	2.6
	19.8
	7
	4.4
	6.9



Observations on in-band PSD:
· For the type 1 partial allocations < 10RBs, the in band PSD is from 18 to 20dBm which is higher than the majority of the allowed in-band PSD
· Type 1 partial allocations with the same number of RBs than the corresponding interlace in a given BW has 7.5 dB higher PSD for 15kHz SCS and 4.5 dB higher PSD for 30kHz SCS
· The full allocation results in to the lowest in-band PSD but with lower BS SNR than interlaces but with similar BS SNR than type 1 partial RBs.

Based on the above observations, there is no UL range or SNR benefit in using type 1 partial allocations compared to type 2 interlaces when there is an in-band PSD limit.

Proposal: Since there is no benefit in using type 1 partial allocations for cases where A-MPR is dictated by in-band PSD we propose that release 17 PC5 NR-U MPR and A-MPR is only based on fully allocated waveforms, type 2 interlace waveforms and wideband operation full and partial allocated sub-band operation. Partial type 1 waveforms MPR and A-MPR may be studied in a later release if justified by cases without in-band PSD limitations.
Conclusions
In this contribution, we discuss the attributes of type 1 and type 2 partial allocations in the scope of PC5 NR-U MPR and A-MP and make the following proposal.

Proposal: Since there is no benefit in using type 1 partial allocations for cases where A-MPR is dictated by in-band PSD we propose that release 17 PC5 NR-U MPR and A-MPR is only based on fully allocated waveforms, type 2 interlace waveforms and wideband operation full and partial allocated sub-band operation. Partial type 1 waveforms MPR and A-MPR may be studied in a later release if justified by cases without in-band PSD limitations.

This proposal is based on following observations for MPR related to SEM and in-band PSD for A-MPR.

Observation on SEM: NR-U mask is more stringent than NR mask at larger offsets and notably in the ACLR1 region where IMD3 of narrow allocations with its own image becomes critical. It cannot be concluded that the MPR that allows narrow allocations to meet NR SEM would pass NR-U SEM.

Observations on in-band PSD:
· For the type 1 partial allocations < 10RBs, the in band PSD is from 18 to 20dBm which is higher than the majority of the allowed in-band PSD
· Type 1 partial allocations with the same number of RBs than the corresponding interlace in a given BW has 7.5 dB higher PSD for 15kHz SCS and 4.5 dB higher PSD for 30kHz SCS
· The full allocation results in to the lowest in-band PSD but with lower BS SNR than interlaces but with similar BS SNR than type 1 partial RBs.
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