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1 [bookmark: _Toc116995841] Introduction
Previously [1][2][3], we have presented our simulation results and observations on PC1 NS_04 A-MPR for operating band n41. In this contribution, we propose how to specify the  A-MPR based on those results. In a large part of band n41, our new approach will significantly reduce excess power back-off, i.e., the difference between specified A-MPR and the power back-off actually required to meet all emission requirements. Corresponding CR text is provided as attachment. We will provide the CR in RAN4#109.
2  NS_04 emission requirements
In TS 38.101-1, NS_04 defines both an additional spectrum emission mask and an additional spurious emission mask:
[bookmark: _Hlk515649337]Table 6.5.2.3.2-3: n41 and n90 SEM with "NS_04"
	ΔfOOB 
MHz
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement
bandwidth

	
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	60
	70
	80
	90
	100
	

	± 0 - 1
	-10

	
	
	2 % channel bandwidth

	
	
	
	
	
	
	
	
	
	
	
	-10
	1 MHz

	± 1 - 5
	-10
	1 MHz

	± 5 - X
	-13
	

	± X - (BWChannel + 5 MHz)
	-25
	

	NOTE 1:	X is defined in Table 6.5.2.3.2-1 for CP-OFDM and 6.5.2.3.2-2 for DFT-S-OFDM




Table 6.5.3.3.1-1: Additional requirements for "NS_04"
	Frequency range
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	10, 15, 20, 30, 40, 50, 60, 80, 90, 100 MHz
	

	2495 ≤ f < 2496
	-13
	1 % of Channel BW

	2490.5 ≤ f < 2495
	-13
	1 MHz

	0.009 < f < 2490.5
	-25
	1 MHz



[bookmark: _Toc116995842]3 Discussion
Observation 1: The SEM for NS_04 does not require A-MPR in PC1.
Thus, the A-MPR will be entirely based on the additional spurious mask.
Fig. 1 and 2 (from [1]) show examples of A-MPR needed due to the additional spurious emission mask when the channel is at the lower edge of n41. The triangle plots show only allocations that need A-MPR. We can distinguish the following allocation regions:
· spectral regrowth (the largest area on the left)
· IMD3 of RB allocation and its image (narrow allocations close to lower channel edge)
· CIM3 (narrow allocations close to upper channel edge)
· edge allocations at the lower channel edge (typically too few to be visible in the figures)
These regions are depicted in Fig. 3.
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Figure 1: Simulated back-off for QPSK in 20 MHz channel at lower edge of n41
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Figure 2: Simulated back-off for QPSK in 100 MHz channel at lower edge of n41


[image: ]
Figure 3: Simplified sketch of the allocation regions; the edge region is too small to be visible;
“MPR” indicates the region where A-MPR is not applied

In PC3, NS_04 A-MPR was applied in a binary manner: if the channel is close to the lower band edge, fixed A-MPR is applied; if the channel is far enough away from the lower band edge, A-MPR is not applied. This results in excess A-MPR that grows with increasing distance from the lower band edge.

For PC1, we propose to define NS_04 A-MPR as 
A-MPR = max( MPR, A-MPRregrowth, A-MPRIMD3, A-MPRCIM3, A-MPRedge ),
The A-MPR components of this formula are explained in the following sections.
This formula allows to define the A-MPR component values separately without explicitly defining their allocation regions. There will be implicit allocation regions based on which of the component A-MPR values is the greatest. Such implicit regions depend on the position of the channel in the operating band. Determining such region boundaries may help understand the proposed scheme but is not needed in implementation.

3.1 Spectral regrowth
The A-MPR needed due to spectral regrowth, A-MPRregrowth,  depends on how deep the regrowth reaches into the protected frequency region. This depends on the frequency distance between the protected region and RB allocation. We refer to this distance as the total guard bandwith (TGBW). TGBW is the sum of the following distances / bandwidths as depicted in Fig. 4:
· distance between the protected frequency region and closest operating band edge
· distance between operating band edge and channel edge (frequency offset in NS_04 PC3 A-MPR spec)
· guard band within the channel
· unallocated RBs between the guard and RB allocation

[image: ]
Figure 4: Total guard bandwidth (TGBW) for protected region below the UL operating band

Observation 2: Among regrowth-limited allocations, for given allocation bandwidth and TGBW, the channel bandwidth and SCS have a negligible effect on required power back-off.
Thus, the simulation results of all channel bandwidths and SCSs can be combined, and that causes barely any excess A-MPR because the TGBW approach takes into account the different guard bandwidths of CBWs and SCSs.
Figures 511 present the TGBW required to avoid violating the NS_04 additional spurious emission mask, as a function of allocation bandwidth. Each blue dot represents the maximum TGBW among all allocations with the same allocation bandwidth and back-off. Notice that the TGBW is placed on the horizontal axis, while the allocation bandwidth is on the vertical axis. This corresponds to back-off triangle plots like Fig. 1 and 2: the vertical axis represents the allocation size (Hz or RB) whereas the horizontal axis represents the (partial) distance from the emission mask (also Hz or RB). Correspondingly, the shapes in Figures 511 resemble those of the regrowth region in Fig. 1 and 2. The difference is that each RB-based triangle is valid for a single CBW, SCS, and frequency offset, whereas a TGBW plot conveniently represents all CBWs, SCSs, and frequency offsets.
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Figure 5: DFT-S-OFDM, pi/2-BPSK
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Figure 6: DFT-S-OFDM, QPSK
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Figure 7: DFT-S-OFDM, 16-QAM
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Figure 8: DFT-S-OFDM, 64-QAM
[image: ]
Figure 9: OFDM, QPSK
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[bookmark: _Hlk147465548]Figure 10: OFDM, 16-QAM
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Figure 11: OFDM, 64-QAM

In Fig. 511, each green line displays a second-order polynomial fitted to the corresponding blue data points as a nearest upper bound for the TGBW. These are TGBW thresholds, defined as

where the coefficients , , and  are defined separately for each waveform, modulation, and tentative A-MPR value A. The polynomials have been fitted in such a way that their proper ordering is guaranteed, i.e., always  for , i.e., a lower back-off requires a larger TGBW. In the above polynomial, division by 100 MHz ensures convenient scaling and units for the polynomial coefficients.
The curved shape of the green TGBW threshold lines (corresponding curves are also seen in Fig. 1 and 2) is caused by two phenomena:
· The spectral regrowth of a very narrow allocation cannot reach the additional spurious emission mask, particularly its strictest segment. The wider the allocation, the deeper its regrowth reaches into the protected frequency region.
· Beyond a certain allocation bandwidth, the allocation PSD becomes so low that the spectral regrowth becomes weaker, eventually rendering it unable to violate the additional spurious emission mask.
The magenta lines show the approximation error for each data point. The fit is not perfect, but the resulting excess A-MPR is still much lower than in earlier methods of specifying A-MPR.
The regrowth-based A-MPR value, A-MPRregrowth, is determined through the inequalities given in Table 1 below.

Table 1: Determining A-MPRregrowth for PC1
	TGBW range
	A-MPRregrowth (dB)

	G0dB(BWalloc)  TGBW
	0

	G1dB(BWalloc)  TGBW < G0dB(BWalloc)
	1

	G2dB(BWalloc)  TGBW < G1dB(BWalloc)
	2

	G3dB(BWalloc)  TGBW < G2dB(BWalloc)
	3

	G4dB(BWalloc)  TGBW < G3dB(BWalloc)
	4

	G5dB(BWalloc)  TGBW < G4dB(BWalloc)
	5

	TGBW < G5dB(BWalloc)
	6



The coefficients for the TGBW threshold polynomials are given in Table 2.
Table 2: Polynomial coefficients for determining the required 
TGBW threshold for each value of A-MPRregrowth
	Waveform
	Modulation
	Back-off value A [dB] / Polynomial coefficients C2, C1, C0 [MHz]

	
	
	0
	1
	2
	3
	4
	5
	6

	DFT-s-OFDM
	Pi/2-BPSK
	-3,
40,
10
	-91,
98,
0
	-248,
143,
-9
	-2148,
604,
-40
	0,0,0
	N/A
	N/A

	
	QPSK
	-27,
71,
1
	-49,
73,
0
	-76,
76,
-3
	-108,
62,
-3
	0,0,0
	N/A
	N/A

	
	16-QAM
	-34,
81,
-1
(NOTE 1)
	-57,
92,
-5
	-69,
82,
-5
	-119,
79,
-5
	0,0,0
	N/A
	N/A

	
	64-QAM
	-23,
74,
-1
(NOTE 1)
	-61,
91,
-4
(NOTE 1)
	-84,
92,
-5
	-116,
80,
-5
	0,0,0
	N/A
	N/A

	
	256-QAM
	0, 0, 0
(NOTE 2)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	CP-OFDM
	QPSK
	-32,
81,
-2
(NOTE 1)
	-36,
77,
-3
	-40,
70,
-3
	-52,
67,
-3
	-67,
60,
-3
	-101,
56,
-4
	0,0,0

	
	16-QAM
	-31,
80,
-2
(NOTE 1)
	-32,
72,
-2
(NOTE 1)
	-36,
66,
-2
	-48,
62,
-2
	-66,
58,
-2
	-108,
60,
-4
	0,0,0

	
	64-QAM
	-28,
78,
-2
(NOTE 1)
	-33,
73,
-2
(NOTE 1)
	-36,
66,
-2
(NOTE 1)
	-48,
62,
-2
	-65,
58,
-2
	-124,
67,
-5
	0,0,0

	
	256-QAM
	0, 0, 0
(NOTE 2)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	NOTE 1: Back-off value A is less than floor(MPR), thus this polynomial is irrelevant.
NOTE 2: For 256-QAM, always  A-MPRregrowth = 0.



3.2 IMD3
The IMD3 of RB allocation and its image may need A-MPR only when it reaches the strictest segment of the additional spurious emission mask, i.e.,

where 

is the lower edge frequency of the RB allocation,  is the channel center frequency,  is the channel bandwidth, and  is the minimum guard bandwidth defined in Table 5.3.3-1 of TS 38.101-1.
The A-MPR needed by IMD3 depends on the allocation bandwidth. The wider the allocation, the lower the PSD, and the lower the needed A-MPR. However, the bandwidth dependency does not apply to the narrowest allocations. Hence, for both OFDM and DFT-S-OFDM,
A-MPRIMD3 = 
if the frequency condition above holds. Otherwise, A-MPRIMD3 = 0 dB.

3.3 CIM3
CIM3 may need A-MPR only when it reaches the strictest segment of the additional spurious emission mask, i.e.,

where

is the upper edge frequency of the RB allocation and  is the allocation bandwidth.
For OFDM, A-MPRCIM3 =  dB  if the above condition holds; otherwise, 
A-MPRCIM3 = 0 dB.
For DFT-S-OFDM, A-MPRCIM3 = 3 dB if  if the above inequality holds; otherwise, 
A-MPRCIM3 = 0 dB.
Hence, OFDM is clearly more sensitive to CIM3.
3.4 Edge allocations
In the case of edge allocations, the linear spectral regrowth (due to the windowing effect) of a very narrow RB allocation violates the additional spurious emission mask. Even a small shift of the allocation or frequency offset of the channel edge from the operating band edge will suffice to prevent the need for A-MPR.
For both OFDM and DFT-S-OFDM, if , ,  and , 
A-MPRedge is defined in Table 3. Otherwise, A-MPRedge = 0 dB.
The dependence on channel bandwidth is caused by the different minimum guard bandwidths (TS 38.101-1, Table 5.3.3-1) and the fact that the measurement bandwidth in the closest additional spurious mask segment depends on the channel bandwidth.
Table 3: A-MPRedge values
	Waveform
	[MHz]
	 [MHz]
	A-MPRedge [dB]

	DFT-s-OFDM
	< 40
	N/A
	0

	
	40…90
	
	3.5

	
	100
	
	11

	OFDM
	< 90
	N/A
	0

	
	90
	 6.5
	3.5

	
	100
	 8
	11





4 [bookmark: _Toc116995848]Conclusions
We presented our proposal for FWA PC1 A-MPR for NS_04 on n41, with A-MPR for spectral regrowth defined using a new concept, total guard bandwidth. This new concept allows significant reduction of excess A-MPR in a large part of band n41. The CR text is provided in the appendix.
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Appendix: CR text for TS 38.101-1 (against V18.3.0)

<<<<<<<<<<< START OF CHANGES >>>>>>>>>>>
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For NS_04, A-MPR is not added to MPR. Also, when NS_04 is signalled, MPR shall be set to zero in the PCMAX equations to avoid double counting MPR.
Allowed For Power Class 3, allowed maximum power reduction is defined as A-MPR = max(MPR, A-MPR'),
Note that A-MPR' = 0 dB means only MPR is applied,
where A-MPR' is defined as

if RBstart ≤ fstart,max,IMD3 / (12SCS) and LCRB ≤ AWmax,IMD3 / (12SCS) and FC - BWChannel/2 < FUL_low + offsetIMD3,
then
	the A-MPR' is defined according to Table 6.2.3.2-2 PC3_A2 relative to 23 dBm for power class 3,  PC2_A4 relative to 26 dBm for power class 2, and PC1.5_A6 relative to 29 dBm for power class 1.5,
else,
if RBstart ≤ LCRB/2 + start / (12SCS) and LCRB ≤ AWmax,regrowth / (12SCS) and FC - BWChannel/2 < FUL_low + offsetregrowth,
then
	the A-MPR' is defined according to Table 6.2.3.2-2 PC3_A1 relative to 23 dBm for power class 3,  PC2_A3 relative to 26 dBm for power class 2, , and PC1.5_A5 relative to 29 dBm for power class 1.5,
else
	A-MPR' = 0 dB and apply MPR.

With the parameters defined in Table 6.2.3.2-1. 

[bookmark: _Ref509480096]Table 6.2.3.2-1: Parameters for region edges and frequency offsets (Power Class 3)
	Parameter
	Symbol
	Value
	Related condition

	
	
	CP-OFDM
	DFT-s-OFDM
	

	Max allocation start in IMD3 region
	fstart,max,IMD3
	0.33 BWChannel
	RBstart ≤ fstart,max,IMD3 / (12SCS)

	Max allocation BW in IMD3 region
	AWmax,IMD3
	4 MHz
	LCRB ≤ AWmax,IMD3 / (12SCS)

	Freq. offset required to avoid A-MPR in IMD3 region
	offsetIMD3
	BWChannel – 6 MHz
	FC - BWChannel/2 ≥ FUL_low + offsetIMD3

	Right edge of regrowth region
	start
	0.08 BWChannel
	RBstart ≤ LCRB/2 + start / (12SCS)

	Max allocation BW in regrowth region
	AWmax,regrowth
	100 MHz
	LCRB ≤ Min(LCRB,Max, AWmax,regrowth / (12SCS))

	Freq. offset required to avoid A-MPR in regrowth region
	offsetregrowth
	Max (10 MHz, 0.25* BWChannel MHz)
	Max (10 MHz, 0.45* BWChannel MHz)
	FC - BWChannel/2 ≥ FUL_low + offsetregrowth


[bookmark: _Ref509450514]
Table 6.2.3.2-2: A-MPR' values Access (Power Class 3)
	Modulation/Waveform
	A-MPR' (dB)

	
	PC3_A1
	PC3_A2
	PC2_A3
	PC2_A4
	PC1.5_A51
	PC1.5_A61

	DFT-s-OFDM
	Pi/2-BPSK
	≤ 3.5
	≤ 3.5
	≤ 3.5
	≤ 5.5
	≤ 5
	≤ 7

	
	QPSK
	≤ 4
	≤ 4
	≤ 4.5
	≤ 6
	≤ 6
	≤ 7.5

	
	16 QAM
	≤ 4
	≤ 4
	≤ 5
	≤ 6
	≤ 6.5
	≤ 7.5

	
	64 QAM
	≤ 4
	≤ 4.5
	≤ 5
	≤ 6.5
	≤ 6.5
	≤ 8

	
	256 QAM
	≤ 4.5
	≤ 6
	≤ 6.5
	≤ 8
	≤ 8
	≤ 9.5

	CP-OFDM
	QPSK
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5
	≤ 8
	≤ 9

	
	16 QAM
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5
	≤ 8
	≤ 9

	
	64 QAM
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5
	≤ 8
	≤ 9

	
	256 QAM
	≤ 6.5
	≤ 8
	≤ 7.5
	≤ 10
	≤ 9
	≤ 11.5

	1 NOTE 1:	PC1.5 assumes dual Tx.




For Power Class 1, NS_04 A-MPR is defined as 
A-MPR = max(MPR, A-MPRregrowth, A-MPRIMD3, A-MPRCIM3, A-MPRedge).
A-MPRregrowth is obtained from Table 6.2.3.2-3 in terms of total guard bandwidth (TGBW). The TGBW is defined as the frequency distance between the RB allocation and the additional spurious emission limit defined in Table 6.5.3.3.1-1, i.e.,
,
where

is the lower edge frequency of the RB allocation,  is the channel centre frequency,  is the channel bandwidth, and  is the minimum guard bandwidth defined in Table 5.3.3-1. 

Table 6.2.3.2-3: A-MPRregrowth for NS_04 (Power Class 1)
	TGBW range
	A-MPRregrowth *(dB)

	G0dB(BWalloc)  TGBW
	0

	G1dB(BWalloc)  TGBW < G0dB(BWalloc)
	1

	G2dB(BWalloc)  TGBW < G1dB(BWalloc)
	2

	G3dB(BWalloc)  TGBW < G2dB(BWalloc)
	3

	G4dB(BWalloc)  TGBW < G3dB(BWalloc)
	4

	G5dB(BWalloc)  TGBW < G4dB(BWalloc)
	5

	TGBW < G5dB(BWalloc)
	6



Each function  defines the required minimum total guard bandwidth for A-MPR value  and is defined as
,
where  is the allocation bandwidth, and , , and  are obtained from Table 6.2.3.2-4 for each combination of waveform, modulation, and back-off value . 

Table 6.2.3.2-4: Polynomial coefficients for determining the required 
total guard bandwidth for each value of A-MPRregrowth (Power Class 1)
	Waveform
	Modulation
	Back-off value A [dB] / Polynomial coefficients C2, C1, C0 [MHz]

	
	
	0
	1
	2
	3
	4
	5
	6

	DFT-s-OFDM
	Pi/2-BPSK
	-3,
40,
10
	-91,
98,
0
	-248,
143,
-9
	-2148,
604,
-40
	0,0,0
	N/A
	N/A

	
	QPSK
	-27,
71,
1
	-49,
73,
0
	-76,
76,
-3
	-108,
62,
-3
	0,0,0
	N/A
	N/A

	
	16-QAM
	-34,
81,
-1
(NOTE 1)
	-57,
92,
-5
	-69,
82,
-5
	-119,
79,
-5
	0,0,0
	N/A
	N/A

	
	64-QAM
	-23,
74,
-1
(NOTE 1)
	-61,
91,
-4
(NOTE 1)
	-84,
92,
-5
	-116,
80,
-5
	0,0,0
	N/A
	N/A

	
	256-QAM
	0, 0, 0
(NOTE 2)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	CP-OFDM
	QPSK
	-32,
81,
-2
(NOTE 1)
	-36,
77,
-3
	-40,
70,
-3
	-52,
67,
-3
	-67,
60,
-3
	-101,
56,
-4
	0,0,0

	
	16-QAM
	-31,
80,
-2
(NOTE 1)
	-32,
72,
-2
(NOTE 1)
	-36,
66,
-2
	-48,
62,
-2
	-66,
58,
-2
	-108,
60,
-4
	0,0,0

	
	64-QAM
	-28,
78,
-2
(NOTE 1)
	-33,
73,
-2
(NOTE 1)
	-36,
66,
-2
(NOTE 1)
	-48,
62,
-2
	-65,
58,
-2
	-124,
67,
-5
	0,0,0

	
	256-QAM
	0, 0, 0
(NOTE 2)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	NOTE 1: Back-off value A is less than floor(MPR), thus this polynomial is irrelevant.
NOTE 2: For 256-QAM, always  A-MPRregrowth = 0.



For both OFDM and DFT-S-OFDM, A-MPRIMD3 =  
if  ; otherwise, A-MPRIMD3 = 0 dB.

For OFDM, A-MPRCIM3 =  dB if  ; 
otherwise, A-MPRCIM3 = 0.
For DFT-S-OFDM, A-MPRCIM3 = 3 dB if  and ; 
otherwise, A-MPRCIM3 = 0.
Here,  is the upper edge frequency of the RB allocation.

For both OFDM and DFT-S-OFDM, if , ,  and , A-MPRedge is defined in Table 6.2.3.2-5. Otherwise, A-MPRedge = 0 dB.

Table 6.2.3.2-5: A-MPRedge for NS_04  (Power Class 1)
	Waveform
	[MHz]
	 [MHz]
	A-MPR [dB]

	DFT-s-OFDM
	< 40
	N/A
	0

	
	40…90
	
	3.5

	
	100
	
	11

	OFDM
	< 90
	N/A
	0

	
	90
	 6.5
	3.5

	
	100
	 8
	11
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