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Introduction
In Release 17, the n96 and n102 NR-U A-MPR were introduced for 20, 40, 60 and 80MHz channel bandwidths. However, for some NS the A-MPR has focused on the channels at the edge of the band that were limited by OOB emissions requirements. This is far from optimum for the channels that are distant from the band/sub-band edges and are thus only limited by in-band emissions (PSD or EIRP). This is especially true for large number of channels in bands n96 and n102 and to some extend in n46 UNII-2C sub-band. It is important to implement this optimization, especially to make full use of the interlace waveforms to set the UL range. In this contribution, we revisit the current A-MPR definitions for the single carrier cases including the 100MHz CBW according to WF [1] captured in the new R18 WI [3]. We also identify at some inconsistencies and provide A-MPR for in-band emission limited channels.
Discussion
In-band PSD for different channel BW and waveform types
As will be discussed later, when reviewing the A-MPR for the different NS for bands n46, n96 and n102, in many cases the channels that are not at the edge of sub-bands, are only required to meet in-band PSD level in dBm/MHz. 
In-band PSD (dBm/MHz) is easy to calculate for both full and interlace waveforms. In annex 1 (Table A1) we provide the calculations for all the different cases of 20, 40, 60, 80 and 100MHz allocated bandwidth for either full channel or wide-band operation. For example, a 20MHz allocated bandwidth can be either a 20MHz channel or any 20MHz sub-band of a 40, 60, 80 or 100MHz sub-band. For any of these instances, the worst case dBm/MHz PSD (lowest total number of possible RBs, thus highest PSD) is calculated at Pmax of 20dBm.
Since there are many cases that result into similar values at the same allocated bandwidth, Table A1 can be summarized in Table 1. Where CP and DFT waveform are less than 0.2dB different, they are consolidated to the same worst-case PSD.
Table 1: In-band PSD at 20dBm vs NRBint0
	
	
	NRBint0=NRBperInt*2^Mu
	Full

	allocBW
	WF
	<6
	=6
	=7
	=8
	=9
	

	20
	CP+DFT
	101
	9.71
	9
	8.41
	7.9
	7.4

	40
	CP
	7
	6.4
	6
	5.4
	4.9
	4.4

	40
	DFT
	7
	6.7
	6
	5.4
	4.9
	4.4

	60
	CP+DFT
	4.9
	4.6
	na
	3.4
	na
	2.4

	80
	CP
	4
	3.3
	na
	2.4
	na
	1.1

	80
	DFT
	4
	3.6
	na
	2.4
	na
	1.1

	100
	CP
	3
	2.3
	na
	1.1
	na
	0.1

	100
	DFT
	3
	2.7
	na
	1.4
	na
	0.1

	
	
	NOTE 1: +0.5 for 100W00100



What can be observed is that, as expected, the PSD is directly proportional to the allocated bandwidth. Thus, an identical PSD can be assumed whether an allocated bandwidth is a channel bandwidth or a sub-band of the same bandwidth. There is an exception tough where the middle 20MHz sub-band of the 100MHz channel is 49RB instead of 50RB. This can be accommodated by adding 0.5dB to the PSD in the first row for this exceptional case.
The columns are related to the number of RB per interlace multiplied by 2^mu which we will note NRBint0: one RB per interlace at 30KHz SCS equal 2RBs per interlace at 15kHz. In that way we can have PSD values for different NRBint0:
· NRBint0 <6 (allocated BW < 1MHz per interlace)
· NRBint0=6 (6RB at 15KHz or 3RB at 30kHz per interlace)
· NRBint0=7 (7RB at 15KHz per interlace not valid for 30kHz SCS)
· NRBint0=8 (8RB at 15KHz or 4RB at 30kHz per interlace)
· NRBint0=9 (9RB at 15KHz per interlace not valid for 30kHz SCS)
· NRBint0=10 => this corresponds to full allocation
From this simple table of in-band PSD at 20dBm (PSDat20dBm) it is then easy to derive the required A-MPR (in 0,5dB increments) to meet a given in-band PSD limit (PSDtarget):
In-band PSD A-MPR = max(roundup(2*( PSDat20dBm-PSDtarget),1)/2,0) [equation 1]
The table can be further simplified by merging CP and DFT cases provided this results in a conservative A-MPR value with less than 0.5dB error.
Also, currently, A-MPR is only stated for full allocation and the worst case interlace, but as seen above, there is an approximate 3dB difference between the PSD for a fully allocated Waveform and the <6RB/interlace case. This does not account for intermediate values and does not allow the full use of the properties of the interlace design. 
To enable this, we propose an approximated PSD table (Table 2) where only the fully allocated PSD is used as a starting point and PSD is increased by 0.5dB for a reduction of NRBint0 by 1 down to <6. This can be coded as a simple offset to the fully allocated A-MPR.
Table 2: Approximated in-band PSD at 20dBm vs NRBint0
	
	
	NRBperInt*2^Mu
	Full

	allocBW
	WF
	<6
	=6
	=7
	=8
	=9
	

	20
	CP+DFT
	101
	9.51
	9
	8.51
	8
	7.5

	40
	CP+DFT
	7
	6.5
	6
	5.5
	5
	4.5

	60
	CP+DFT
	5
	4.5
	na
	3.5
	na
	2.5

	80
	CP+DFT
	4
	3.5
	na
	2.5
	na
	1.5

	100
	CP+DFT
	3
	2.5
	na
	1.5
	na
	0.5

	
	
	NOTE 1: +0.5 for 100W00100



The values are now rounded to the nearest 0.5dB for the full allocation and for any step down in NRBint0, 0.5dB is added.
When the values are compared to Table 1, note that there is less than 0.2dB error, but without change to the resulting A-MPR value thanks to the same 0.5dB rounding. Thus equation 1 can be further simplified by referring only to the fully allocated column and adding the 0.5dB per 15KHz equivalent RB gap of the interlace down to >4 gaps.
Proposal for in-band PSD limited channels: For channels that are only limited by in-band PSD in dBm/MHz and seeking to obtain the full benefit of the interlace design, optimized A-MPR values are derived based on:
· Allocated bandwidth in full channel or wideband operation mode
· Identical A-MPR for CP-OFDM and DFT-s-OFDM waveforms of the same type
· Full allocation and all interlace allocation cases
· Use of approximated PSD values for full allocation and 0.5dB derating based on 15kHz equivalent number RB gaps per interlace is a possible simplification.
· +0.5dB offset is added to the PSD for the middle 20MHz sub-band of 100MHz CBW
· Table 2 above can be used as a starting point
Optimized A-MPR for in-band emission limited channels 
To illustrate the benefit of such optimization, we calculated in Table 3 the A-MPR:
· for full allocation and 1RB interlace 
· for CP-OFDM and DFT-s-OFDM waveforms
· for the lowest valid SCS
· for 20/40/60/80/100MHz single CC for each row (no wideband operation) 
· for the in-band PSDs associated with NS for n46, n96 and n102 (columns) and compared it with MPR
Color coding for the result:
· Grey cells are non-applicable cases
· Dark green is for cases where no A-MPR is needed: this is the case for any in-band PSD ≥ 7dBm/MHz
· Light green is for the case where MPR is higher than required A-MPR: this is the case for any in band PSD ≥ 7dBm/MHz and >40MHz BW PSD ≥4dBm/MHz
· Yellow is for the case where MPR is equal A-MPR
· Orange is for the cases where A-MPR > MPR: this is the case for:
· -1dBm/MHz up to 80MHz for full allocation and 100MHz for 1RB/interlace
· 2dBm/MHz up to 60 MHz
· 5dBm/MHz only for 20MHz CBW
Table 3: Required A-MPR to meet a given in-band PSD level and its comparison to MPR
	
	
	
	
	
	
	NS

	tot
BW
	Configuration
	LogBW
or RB
	dBm
/MHz
	53
	60
	59
	29/30/31
	28/58
	30
	54

	
	SCS
	WF
	RB
	
	
	-1
	2
	5
	4
	7
	10
	10
	11
	17

	MPR
	DFT
	Full allocation
	1.5

	
	CP
	
	3.5

	BW/WF
	
	A-MPR vs PSD

	20
	15
	DFT
	100
	12.6
	7.4
	8.5
	5.5
	2.5
	3.5
	0.5
	0.0
	0.0
	0.0
	0.0

	20
	15
	CP
	106
	12.8
	7.2
	8.5
	5.5
	2.5
	3.5
	0.5
	0.0
	0.0
	0.0
	0.0

	40
	15
	DFT
	216
	15.9
	4.1
	5.5
	2.5
	0.0
	0.5
	0.0
	0.0
	0.0
	0.0
	0.0

	40
	15
	CP
	216
	15.9
	4.1
	5.5
	2.5
	0.0
	0.5
	0.0
	0.0
	0.0
	0.0
	0.0

	60
	30
	DFT
	162
	17.7
	2.3
	3.5
	0.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	60
	30
	CP
	162
	17.7
	2.3
	3.5
	0.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	80
	30
	DFT
	216
	18.9
	1.1
	2.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	80
	30
	CP
	217
	18.9
	1.1
	2.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	100
	30
	DFT
	270
	19.9
	0.1
	1.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	100
	30
	CP
	273
	19.9
	0.1
	1.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	MPR
	DFT
	1RB/Interlace allocation
	2.5

	
	CP
	
	3.5

	BW/WF
	
	A-MPR vs PSD

	20
	15
	DFT
	10
	10.0
	10.0
	11.0
	8.0
	5.0
	6.0
	3.0
	0.0
	0.0
	0.0
	0.0

	20
	15
	CP
	11
	10.4
	9.6
	11.0
	8.0
	5.0
	6.0
	3.0
	0.0
	0.0
	0.0
	0.0

	40
	15
	DFT
	20
	13.0
	7.0
	8.0
	5.0
	2.0
	3.0
	0.0
	0.0
	0.0
	0.0
	0.0

	40
	15
	CP
	22
	13.4
	6.6
	8.0
	5.0
	2.0
	3.0
	0.0
	0.0
	0.0
	0.0
	0.0

	60
	30
	DFT
	32
	15.1
	4.9
	6.0
	3.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0

	60
	30
	CP
	33
	15.2
	4.8
	6.0
	3.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0

	80
	30
	DFT
	40
	16.0
	4.0
	5.0
	2.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	80
	30
	CP
	44
	16.4
	3.6
	5.0
	2.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	100
	30
	DFT
	54
	17.3
	2.7
	4.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	100
	30
	CP
	55
	17.4
	2.6
	4.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



Observations: 
· In many NS cases, MPR is sufficient to achieve the in-band PSD requirement
· For full allocation, MPR is sufficient for 100MHz CBW for all NS
· 1RB/interlace A-MPR is approximately 2.5dB higher than for full allocation. However, the PSD per RB being 10dB higher at Pmax, the 1RB/interlace has a PSD gain per RB of 7.5dB. Thus, it is important to optimize A-MPR versus RB/interlace
· It should be noted that the full allocation case is equivalent to the Wi-Fi case
· Although this table also covers the NS associated with n46 the benefit of a specific A-MPR for in-band emission limited channel is mostly of value for n96 and n102 since multiple channels can benefit from it, to some extend it is also true for n46 UNII-2C sub-band that is relatively wide.
A-MPR specification and addition of 100MHz CBW
NS for 5GHz band n46
For the 5GHz band n46, Table 4 summarizes the differing NS applicability in terms of:
· Channel bandwidth and frequency range
· In-band and out of band emissions requirements
· A-MPR values from the latest 38.101-1 specification for all full and partially allocated (interlace) waveforms 
· Calculated back off to meet the in-band emissions requirements
· As a reference, the NS_01 MPR is provided
Color coding:
· The dark green A-MPR cells are for the case where A-MPR=MPR
· The red A-MPR cells are for cases where A-MPR is < MPR
· Cyan cells are related to in-band requirements (specification and calculations)
· Light blue A-MPR cells are for cases that are limited by in-band emissions, but are within 0.5dB of the calculation
· Orange A-MPR cells are for cases that are higher than both MPR and the calculated value for in-band emission limited cases
· Yellow cells are for OOB limited cases (both requirement and A-MPR)
Table 4: NR-U 5GHz bands n46 NS requirements and A-MPR
	NRU Band
	NA
	n46

	NS value
	1
	28
	29
	30
	31

	CBW MHz
	all
	all
	20
	40
	>40
	all
	20
	40
	>40
	20

	Channel Frequency 
range [MHz]
	 
	5150-5350
5470-5725
	5170-5330
5490-5730
	5150 – 5350
5470 – 5725
	5150-5230
5250-5350
5470-5850
	5230-5250

	IB PSD [dBm/MHz]
	 
	10
	10
	7
	4
	11
	10
	7
	4
	4

	OOB PSD [dBm/MHz]
	 
	-30
	 
	 
	 
	-41 / -27
	-27

	OOB Frequency 
range [MHz]
	 
	1000-5150
5350-5470
> 5725
	Table
6.5F.3.3.2-1
	Table
6.5F.3.3.2-2
	Table
6.5F.3.3.2-3
	4500-5115 
5350-5460 / 
5460-5470 / >5725
	outside 5150-5250, 5250-5350, 5470-5725, 5725-5850

	CBW [MHz] and Channel applicability
	all
	all in Note
	20
	40
	>40
	all but 
CH in note
	<60 CH in note
	only 20MHz CH
 in Note

	 Pi/2 BPSK DFT Full
	1.5
	missing
	missing
	missing
	missing

	QPSK DFT Full
	1.5
	4.0
	1.5
	2.0
	4.0
	9.0
	2.5
	4.0

	16QAM DFT Full
	2.0
	4.5
	2.0
	2.5
	4.0
	9.0
	3.0
	4.0

	64QAM DFT Full
	3.5
	4.5
	3.5
	3.5
	4.5
	9.0
	4.5
	4.0

	256QAM DFT Full
	5.0
	5.5
	5.0
	5.0
	5.5
	9.0
	5.5
	5.0

	QPSK CP Full
	3.5
	6.0
	3.5
	3.5
	4.0
	9.0
	4.0
	5.5

	16QAM CP Full
	4.0
	6.0
	4.0
	4.0
	4.0
	9.5
	4.0
	5.5

	64QAM CP Full
	5.5
	6.5
	5.5
	5.5
	5.5
	9.5
	5.5
	5.5

	256QAM CP Full
	7.0
	7.0
	7.0
	7.0
	7.0
	9.5
	7.0
	7.0

	 Pi/2 BPSK DFT Partial
	2.5
	missing
	missing
	missing
	missing

	QPSK DFT Partial
	2.5
	6.0
	2.5
	4.0
	6.0
	15.0
	5.0
	6.5

	16QAM DFT Partial
	3.0
	6.0
	3.0
	4.0
	6.0
	15.5
	5.0
	6.5

	64QAM DFT Partial
	4.5
	6.5
	4.5
	4.0
	6.0
	15.5
	5.5
	6.5

	256QAM DFT Partial
	5.5
	6.5
	5.5
	5.5
	6.0
	16.0
	5.5
	6.5

	QPSK CP Partial
	3.5
	7.0
	3.5
	4.5
	6.0
	14.0
	6.0
	6.5

	16QAM CP Partial
	4.0
	7.5
	4.0
	4.5
	6.0
	14.5
	6.0
	7.0

	64QAM CP Partial
	5.5
	7.5
	5.5
	5.0
	6.5
	15.0
	6.5
	7.0

	256QAM CP Partial
	7.0
	7.5
	7.0
	6.5
	7.0
	15.0
	7.0
	7.0

	calc IB PSD BO DFT Full
	 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	3.5

	calc IB PSD BO CP Full
	 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	3.5

	calc IB PSD BO DFT Partial
	 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	6.0

	calc IB PSD BO CP Partial
	 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	6.0



General observation: 
· DFT-s-OFDM Pi/2 BPSK AMPR is missing for all n46 NS. To correct this the easiest approach is to copy the QPSK A-MPR value
· Based on calculations, only the 20MHz channel requires A-MPR for 4dBm/MHz in-band PSD
NS_28 observation:
· Current A-MPR is only applicable to the -30dBm/MHz OOB requirement for channels at the 5150-5350MHz and 5470-5725MHz edges and channels that have a guard bands to theses edges that are less than the channel bandwidth.
· Since the three possible 100MHz channels are at the edges, they will require A-MPR for OOB emissions and will not be limited by in-band PSD (with 10dBm/MHz)
· MPR is sufficient for other channels as no A-MPR is needed for 10dBm/MHz in-band PSD
· The 20MHz channel centered at 5700MHz may work with MPR since there is a 15MHz guard band to the edge. Compliance with -30dBm/MHz at 15MHz offset can be further verified 
NS_29 observations
· Some 40MHz A-MPR values (red) are below MPR => for consistency, these should be aligned with MPR
· MPR is sufficient for 20MHz. However, A-MPR is needed to meet specific spectrum mask for larger channels, but not for an in-band PSD of 10/7/4dBm/MHz
· Given the valid NS_29 range, there is no available 100MHz channel
NS_30 observations
· A-MPR is needed to meet -41dBm/MHz OOB emissions. This should only be for channels at that sub-band edges and channels that have a guard-bands to theses edges that are less than the channel bandwidth.
· The 20MHz channel centered at 5700MHz may work with MPR since there is a 15MHz guard band to the edge. Compliance with -27dBm/MHz at 15MHz offset can be further verified
· Since the three possible 100MHz channels are at the edges they will require A-MPR for OOB emissions and will not be limited by in-band PSD (with 11dBm/MHz)
NS_31 observations 
· Current notes allow the 20MHz channel at 5745 MHz to use MPR while at the edge of the band, this should be further checked
· Currently NS_31 is limited to frequencies of up to 5850MHz (UNII-3) while now Wi-Fi channels are allowed in UNII-4 up to 5895MHz (ITS channels are 5895-5925MHz)
· 40/60/80MHz channels are defined such that they do not overlap UNII3 and UNII-4 while given the above bullet, Wi-Fi channels do. To fully align with corresponding Wi-Fi channels, it would be beneficial to add:
· 40MHz channels centered at 5835 and 5875MHz
· 80MHz channel centered at 5855MHz
· Possibly 60MHz channel centered at 5845MHz
· A-MPR is needed to meet -27dBm/MHz OOB emissions but should only be for channels at that edge and channels that have a guard-bands to theses edges that are less than the channel bandwidth. Following this, the following channels should be able to use MPR:
· The 20MHz channel centered at 5700MHz
· The 40 MHz channels centered at 5550, 5590, 5630 and 5670MHz
· The 60 MHz channels centered at 560 and 5620MHz
· The 80MHz channel centered at 5610MHz
· Since the three possible 100MHz channels are at the edges they will require A-MPR for OOB emissions and will not be limited by in-band PSD (with 4dBm/MHz across UNII1/2/3 sub-bands)
Proposal on n46 NS:
· Pi/2 BPSK A-MPR is added to all NS by using the same A-MPR value than for QPSK
· It is not precluded to further optimize the value in the future
· 100MHz A-MPR is studied for OOB emission for following cases:
· NS_28/30/31: Channels at 5200, 5300 and 5520MHz
· NS_29: no 100MHz channels
· Study the addition of the 5850-5880MHz range (UNII-4) for NS_31 which is allowed indoors. Channels overlapping UNII-3 and UNII-4 are also allowed.
· Potentially adding the 40/60/80MHz channels aligned with the UNII-4 Wi-Fi channels
· Note that 100MHz channel at 5665MHz cannot be used as it overlaps with ITS channels even is UNII-4 is added for NS_31
· Study if 20MHz at 5700MHz for NS_28/30/31 and at 5825MHz for NS_31 (15MHz GB) can use MPR
· NS_29 A-MPR should be made equal to MPR for 64QAM DFT and 256QAM CP 40MHz channels for consistency
· Study if inner UNII-2C and UNII-3 40/60/80MHz channels can use MPR for NS_31
· Check if 20MHz channel at 5745MHz should use MPR or A-MPR for NS_31
NS for 6GHz bands n96 and n102
For the 6GHz bands n96 and n102, Table 5 summarizes the differing NS applicability in terms of:
· Channel bandwidth and frequency range
· In-band and out of band emissions requirements
· A-MPR values from the latest 38.101-1 specification for all full and partially allocated (interlace) waveforms 
· Calculated back off to meet the in-band emissions requirements
· As a reference, the NS_01 MPR is provided
Color coding:
· The dark green A-MPR cells are for the case where A-MPR=MPR
· The red A-MPR cells are for cases where A-MPR is < MPR
· Cyan cells are related to in-band requirements (specification and calculations)
· Light blue A-MPR cells are for cases that are limited by in-band emissions but are within 0.5dB of the calculation
· Orange A-MPR cells are for cases that are higher than both MPR and the calculated value for in-band emission limited cases
Table 5: NR-U 6GHz bands n96 and n102 NS requirements and A-MPR
	NRU Band
	NA
	n96
	n102

	NS value
	1
	53
	54
	59
	60
	61
	58

	CBW MHz
	all
	all
	all
	all
	all
	all
	all

	Channel Frequency 
range [MHz]
	 
	5925-7125
	5925-6425
6525-6875
	5925-7125
	5925-7125
	5925-6425
	5945-6425

	IB PSD [dBm/MHz]
	 
	-1
	17
	5
	2
	14 (EIRP)
	10

	OOB PSD [dBm/MHz]
	 
	-27
	 
	-27
	-34
	-22

	OOB Frequency 
range [MHz]
	 
	<5925
>7125
	 
	<5925
>7125
	<5925
>6445
	<5935

	CBW [MHz]
	all
	20
	40
	60
	80
	100
	>40?
	20
	20
	40
	60
	80
	100
	20
	40
	>40
	EdgeL

	 Pi/2 BPSK DFT Full
	1.5
	 missing
	 miss.
	3.0
	 missing
	missing
	1.5

	QPSK DFT Full
	1.5
	9.0
	6.5
	4.5
	3.0
	1.5
	2.5
	3.0
	6.0
	4.0
	3.5
	3.0
	1.5
	7.5
	6.5
	6.0
	2.0

	16QAM DFT Full
	2.0
	9.0
	6.5
	4.5
	3.0
	2.0
	3.0
	3.0
	6.0
	4.0
	4.0
	3.5
	2.0
	7.5
	6.5
	6.0
	2.5

	64QAM DFT Full
	3.5
	9.0
	6.5
	4.5
	4.0
	3.5
	3.5
	3.5
	6.0
	4.0
	4.0
	3.5
	3.5
	7.5
	6.5
	6.0
	3.5

	256QAM DFT Full
	5.0
	9.0
	6.5
	5.0
	5.0
	5.0
	5.0
	5.0
	6.0
	5.0
	5.0
	5.0
	5.0
	7.5
	6.5
	6.0
	5.0

	QPSK CP Full
	3.5
	9.0
	6.5
	4.5
	4.0
	3.5
	4.5
	3.5
	6.0
	5.5
	5.0
	4.5
	3.5
	7.5
	6.5
	6.0
	3.5

	16QAM CP Full
	4.0
	9.0
	6.5
	4.5
	4.0
	4.0
	4.5
	4.0
	6.0
	5.5
	5.0
	4.5
	4.0
	7.5
	6.5
	6.0
	4.0

	64QAM CP Full
	5.5
	9.0
	6.5
	5.5
	5.5
	5.5
	5.5
	5.5
	6.0
	5.5
	5.5
	5.5
	5.5
	7.5
	6.5
	6.0
	5.5

	256QAM CP Full
	7.0
	9.0
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0
	6.0
	7.0
	7.0
	7.0
	7.0
	7.5
	7.0
	7.0
	7.0

	 Pi/2 BPSK DFT Partial
	2.5
	missing 
	miss. 
	5.5
	 missing
	 missing

	2.5

	QPSK DFT Partial
	2.5
	12.0
	8.5
	6.5
	5.5
	4.0
	5.0
	5.5
	8.5
	5.5
	4.5
	4.5
	4.5
	10.0
	6.5
	6.0
	3.5

	16QAM DFT Partial
	3.0
	12.0
	8.5
	6.5
	5.5
	4.0
	5.0
	5.5
	8.5
	5.5
	5.0
	5.0
	5.0
	10.5
	6.5
	6.0
	4.0

	64QAM DFT Partial
	4.5
	12.0
	8.5
	6.5
	5.5
	4.5
	5.0
	5.5
	8.5
	5.5
	5.0
	5.0
	5.0
	10.5
	6.5
	6.0
	4.5

	256QAM DFT Partial
	5.5
	12.0
	8.5
	7.0
	5.5
	5.5
	6.0
	5.5
	8.5
	5.5
	5.5
	5.5
	5.5
	10.5
	6.5
	6.0
	5.5

	QPSK CP Partial
	3.5
	12.0
	8.5
	6.5
	5.5
	4.0
	6.0
	5.5
	8.5
	5.5
	5.5
	5.5
	5.5
	10.0
	6.5
	6.0
	4.5

	16QAM CP Partial
	4.0
	12.0
	8.5
	6.5
	5.5
	4.0
	6.0
	5.5
	8.5
	5.5
	5.5
	5.5
	5.5
	10.5
	6.5
	6.0
	4.5

	64QAM CP Partial
	5.5
	12.0
	8.5
	6.5
	5.5
	5.5
	6.0
	5.5
	8.5
	5.5
	5.5
	5.5
	5.5
	10.5
	6.5
	6.0
	5.5

	256QAM CP Partial
	7.0
	12.0
	8.5
	7.0
	7.0
	7.0
	7.0
	7.0
	8.5
	7.0
	7.0
	7.0
	7.0
	10.5
	7.0
	7.0
	7.0

	calc IB PSD BO DFT Full
	 
	8.5
	5.5
	3.5
	2.5
	0.0
	0.0
	2.5
	5.5
	2.5
	0.0
	0.0
	0.0
	6 (EIRP)
	0

	calc IB PSD BO CP Full
	 
	8.5
	5.5
	0.0
	0.0
	0.0
	0.0
	0.0
	5.5
	0.0
	0.0
	0.0
	0.0
	6 (EIRP)
	0

	calc IB PSD BO DFT Partial
	 
	11.0
	8.0
	6.0
	5.0
	4.0
	0.0
	5
	8.0
	5.0
	3.0
	0.0
	0.0
	6 (EIRP)
	0

	calc IB PSD BO CP Partial
	 
	11.0
	8.0
	6.0
	5.0
	4.0
	0.0
	5
	8.0
	5.0
	0.0
	0.0
	0.0
	6 (EIRP)
	0



General observation: 
· DFT-s-OFDM Pi/2 BPSK AMPR is missing for all n96 NS. To correct this, the easiest approach is to copy the QPSK A-MPR value
NS_53 observation:
· A-MPR is dominated by the -1dBm/MHz requirement for up to 80MHz BW
· Compared to calculated values, the values highlighted in light blue are 0.5dB higher (which is acceptable). However, the values in orange are 1dB higher and could be optimised at least up to medium back-off values. This is because at higher back-off higher margin is needed to accommodate APT or ET operation
· For 256QAM DFT partial allocation, the value should be 6.5dB as this seems to be a copy from CP 256QAM MPR
· For 100MHz CBW, back-off is only needed for partial waveforms at 4dB. The values in the 100MHz column of Table 5 can be used except for channels at 5995 and 6055MHz as these need to be checked for OOB emissions
NS_54 observations:
· With 17dBm/MHz no A-MPR is needed for in-band PSD
· A-MPR is only required for Channels >40MHz at the bottom edge of band n96, due to OOB emissions
· For 100MHz CBW, only the lowest channels at 5995 MHz and 6055MHz will need to be checked for OOB emissions.
NS_58 observations:
· With 10dBm/MHz, no A-MPR is needed for in-band PSD
· Only channels on the lower band edge need A-MPR for OOB emissions
· For 100MHz channels, A-MPR should be checked for the channel at 5995MHz, due to OOB emissions 
NS_59 observations:
· A-MPR is needed for 20MHz channels only to meet 5dBm/MHz in-band PSD, and values in the specification are within 0.5dB of the calculations
· Similar to other CBW >20MHz no A-MPR is needed for 100MHz
NS_60 observations:
· A-MPR for CP 256QAM 20MHz should be 7dB to be consistent with MPR
· Calculations reflect that A-MPR related to in-band PSD should only exist for 20MHz (all cases), 40MHz (all cases except CP Full that can use MPR) and 60MHz (DFT partial only). In all other cases, MPR is sufficient except for lowest and highest channels that need to meet -27dBm/MHz OOB requirement.
· There is an opportunity to significantly optimize A-MPR for all inner channels
· For 100MHz only the 5995, 6055, 7015, 7035, 7055 and 7075 MHz channels needs to be checked for OOB emissions. All other channels can use MPR
NS_61 observations:
· In general, all channels require 6dB MPR to meet 14dBm EIRP limit for a PC5 implementation
· Only 20 and 40MHz channels at the band edges require a higher A-MPR to meet the -34dBm/MHz OOB emissions
· Since channels >40MHz only a need 6dB A-MPR, 6dB A-MPR is sufficient for 100MHz channels.
Proposal on n96 NS:
· Pi/2 BPSK A-MPR is added to all NS by using the same A-MPR value than for QPSK
· It is not precluded to further optimize the value in the future
· NS53:
· A-MPR is studied for 100MHz channels at 5995 and 6055MHz to meet -27dBm/MHz at frequencies < 5925 MHz
· Other 100MHz full allocation channels can use MPR while 100MHz partial allocation channels have an A-MPR=Max(4 , MPR)
· A-MPR for DFT 60MHz partial is corrected to 6.5dB
· NS54: A-MPR is studied for 100MHz channels at 5995 and 6055MHz to meet -27dBm/MHz at frequencies < 5925 MHz
· NS59: all 100MHz channels can use MPR
· NS60:
· A-MPR for CP 256QAM 20MHz is corrected to 7dB to be consistent with MPR
· Current A-MPR values should only be applicable to channels at the band edges. Other channels should use the calculated in-band PSD back-off
· A-MPR is studied for the 100MHz channel at 5995, 6055MHz to meet -27dBm/MHz at frequencies < 5935 MHz and 7015, 7035, 7055 and 7075MHz to meet -27dBm/MHz at frequencies > 7125MHz. All other channels can use MPR
· NS61: use two A-MPR values:
· Only edge channels and sub-bands <60MHz CBW have A-MPR for OOB emissions using the current table
· All other channels have 6dB A-MPR for 14dBm EIRP
Proposal on n102 NS58:
· A-MPR is studied for the 100MHz channel at 5995MHz to meet -22dBm/MHz at frequencies < 5935 MHz
Conclusions
In this contribution, we provide a thorough analysis of the in-band PSD of all types of waveforms including wideband operations cases. This enables us us to provide an approximation for all the cases and make the following proposal.

Proposal for in-band PSD limited channels: For channels that are only limited by in-band PSD in dBm/MHz and seeking to obtain the full benefit of the interlace design, optimized A-MPR values are derived based on:
· Allocated bandwidth in full channel or wideband operation mode
· Identical A-MPR for CP-OFDM and DFT-s-OFDM waveforms of the same type
· Full allocation and all interlace allocation cases
· Use of approximated PSD values for full allocation and 0.5dB derating based on 15kHz equivalent number RB gaps per interlace is a possible simplification.
· +0.5dB offset is added to the PSD for the middle 20MHz sub-band of 100MHz CBW
· Table 2 above can be used as a starting point
Based on this in-band PSD analysis, we have conducted a review of the current NS A-MPR for bands n46, n96 and n102 to identify potential optimizations for in-band PSD limited channels. Additionally, we provide an analysis of A-MPR behavior for 100MHz channels. This allows us tp present the following proposals.

Proposal on n46 NS:
· Pi/2 BPSK A-MPR is added to all NS by using the same A-MPR value than for QPSK
· It is not precluded to further optimize the value in the future
· 100MHz A-MPR is studied for OOB emission for following cases:
· NS_28/30/31: Channels at 5200, 5300 and 5520MHz
· NS_29: no 100MHz channels
· Study the addition of the 5850-5880MHz range (UNII-4) for NS_31 which is allowed indoors. Channels overlapping UNII-3 and UNII-4 are also allowed.
· Potentially adding the 40/60/80MHz channels aligned with the UNII-4 Wi-Fi channels
· Note that 100MHz channel at 5665MHz cannot be used as it overlaps with ITS channels even is UNII-4 is added for NS_31
· Study if 20MHz at 5700MHz for NS_28/30/31 and at 5825MHz for NS_31 (15MHz GB) can use MPR
· NS_29 A-MPR should be made equal to MPR for 64QAM DFT and 256QAM CP 40MHz channels for consistency
· Study if inner UNII-2C and UNII-3 40/60/80MHz channels can use MPR for NS_31
· Check if 20MHz channel at 5745MHz should use MPR or A-MPR for NS_31
Proposal on n96 NS:
· Pi/2 BPSK A-MPR is added to all NS by using the same A-MPR value than for QPSK
· It is not precluded to further optimize the value in the future
· NS53:
· A-MPR is studied for 100MHz channels at 5995 and 6055MHz to meet -27dBm/MHz at frequencies < 5925 MHz
· Other 100MHz full allocation channels can use MPR while 100MHz partial allocation channels have an A-MPR=Max(4 , MPR)
· A-MPR for DFT 60MHz partial is corrected to 6.5dB
· NS54: A-MPR is studied for 100MHz channels at 5995 and 6055MHz to meet -27dBm/MHz at frequencies < 5925 MHz
· NS59: all 100MHz channels can use MPR
· NS60:
· A-MPR for CP 256QAM 20MHz is corrected to 7dB to be consistent with MPR
· Current A-MPR values should only be applicable to channels at the band edges. Other channels should use the calculated in-band PSD back-off
· A-MPR is studied for the 100MHz channel at 5995, 6055MHz to meet -27dBm/MHz at frequencies < 5935 MHz and 7015, 7035, 7055 and 7075MHz to meet -27dBm/MHz at frequencies > 7125MHz. All other channels can use MPR
· NS61: use two A-MPR values:
· Only edge channels and sub-bands <60MHz CBW have A-MPR for OOB emissions using the current table
· All other channels have 6dB A-MPR for 14dBm EIRP
Proposal on n102 NS58:
· A-MPR is studied for the 100MHz channel at 5995MHz to meet -22dBm/MHz at frequencies < 5935 MHz
References
[1] R4-2207995	Finalizing UE requirement for 100MHz CBW in NRU bands, Skyworks Solutions Inc., RAN4#103-e
[2] R4-2210559	Draft CR to TS 38.101-1: adding 100 MHz channel BW for bands n46, n96 and n102, Qualcomm, Skyworks, RAN4#103-e
[3] RP-221813 New WID: Introduction of evolved shared spectrum bands, Apple Inc., RAN#96


Annex: In-band PSD for all channel bandwidths including wideband operation for full and worst case interlace waveforms
Table A 1: In-band PSD at 20dBm for different allocated bandwidth, Mu, waveform and interlace type
	
	
	
	
	Mu
	RB per Interlace
	full

	
	RB/1.8 MHz --->
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	
	1
	1
	2
	3
	4
	5

	
	BW/interlace
	0.18
	0.36
	0.54
	0.72
	0.90
	1.08
	1.26
	1.44
	1.62
	1.80

	CBW config
	Mu
	WF
	NRB
	Nint
	PSD dBm/MHz at 20dBm Pout

	20
	0
	CP
	106
	10
	10
	10
	10
	10
	10
	9.7
	9
	8.4
	7.9
	7.2

	
	0
	DFT
	100
	10
	10
	10
	10
	10
	10
	9.7
	9
	8.4
	7.9
	7.4

	20
	1
	CP
	51
	10
	10
	10
	9.7
	8.4
	7.4

	
	1
	DFT
	50
	10
	10
	10
	9.7
	8.4
	7.4

	40_S1
	0
	CP
	105
	10
	10
	10
	10
	10
	10
	9.7
	9
	8.4
	7.9
	7.2

	
	0
	DFT
	100
	10
	10
	10
	10
	10
	10
	9.7
	9
	8.4
	7.9
	7.4

	40/60/80/100_S1
	1
	CP
	50
	10
	10
	10
	9.7
	8.4
	7.4

	
	1
	DFT
	50
	10
	10
	10
	9.7
	8.4
	7.4

	100_W00100
	1
	CP
	49
	9
	10.5
	10.5
	10.1
	8.9
	7.5

	
	1
	DFT
	48
	9
	10.5
	10.5
	10.1
	8.9
	7.6

	40
	0
	CP
	216
	21
	6.8
	6.8
	6.8
	6.8
	6.8
	6.4
	5.8
	5.2
	4.7
	4.1

	
	0
	DFT
	216
	20
	7
	7
	7
	7
	7
	6.7
	6
	5.4
	4.9
	4.1

	40
	1
	CP
	106
	21
	6.8
	6.8
	6.4
	5.2
	4.2

	
	1
	DFT
	100
	20
	7
	7
	6.7
	5.4
	4.4

	60/80/100_S2
	1
	CP
	106
	21
	6.8
	6.8
	6.4
	5.2
	4.2

	
	1
	DFT
	100
	20
	7
	7
	6.7
	5.4
	4.4

	100_W01100
	1
	CP
	105
	21
	6.8
	6.8
	6.4
	5.2
	4.2

	
	1
	DFT
	100
	20
	7
	7
	6.7
	5.4
	4.4

	60
	1
	CP
	162
	32
	4.9
	4.9
	4.6
	3.4
	2.3

	
	1
	DFT
	162
	32
	4.9
	4.9
	4.6
	3.4
	2.3

	80/100_S3
	1
	CP
	161
	32
	4.9
	4.9
	4.6
	3.4
	2.4

	
	1
	DFT
	160
	32
	4.9
	4.9
	4.6
	3.4
	2.4

	80
	1
	CP
	216
	43
	3.7
	3.7
	3.3
	2.1
	1.1

	
	1
	DFT
	217
	40
	4
	4
	3.6
	2.4
	1.1

	100_S4
	1
	CP
	217
	43
	3.7
	3.7
	3.3
	2.1
	1.1

	
	1
	DFT
	216
	40
	4
	4
	3.6
	2.4
	1.1

	100
	1
	CP
	273
	54
	2.7
	2.7
	2.3
	1.1
	0.1

	
	1
	DFT
	270
	50
	3
	3
	2.7
	1.4
	0.1



Notation:
· CBW config: configuration of 20MHz sub-bands:
· XX full channel BW
· XX_SY: Yx20MHz sub-band in a XXMHz channel bandwidth
· 100_W00100: middle 20MHz sub-band of 100MHz channel in wideband operation
· 100_W01100: middle 40MHz sub-band of 100MHz channel in wideband operation
· Nint: lowest number of interlaces based on NRB (highest PSD)
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