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1	Introduction
This contribution presents Nokia’s proposal for defining the A-MPR for band n41 as well as frequency offset to avoid the A-MPR. The proposal is based on simulation results reported in [1].
2	Discussion
2.1	Definition of A-MPR regions
Figure 1 depicts two examples of band n41 A-MPR when the channel is at the lower band edge. In the figure, a zero value indicates that the MPR is sufficient, whereas a nonzero value indicates a required total back-off higher than the MPR. Figure 2 shows the frequency offset required to avoid A-MPR. The frequency offset is defined as the distance between the lower band edge and lower channel edge. According to our simulations [1], no MPR is needed when the frequency offset is sufficiently large, hence the only cause of A-MPR is the additional spurious emission mask below the band.
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[bookmark: _Ref509400988]Figure 1. Examples of simulated A-MPR triangles (20 MHz and 100 MHz channels)
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[bookmark: _Ref509401801]Figure 2. Examples of frequency offset required to avoid A-MPR  (20 MHz and 100 MHz channels)
In these triangles, we can identify three regions:
· IMD3 region at the lower left corner, caused by IMD3 of the allocation and its I/Q image (illustrated in Figure 3). This region overlaps with both the inner and outer region of the MPR definition.
· Outer regrowth region at the left edge, caused by spectral regrowth 
· Inner regrowth region at the border of inner region of MPR definition, caused by spectral regrowth. This region exists because the MPR is lower in the inner region.
These regions are sufficient for characterizing the A-MPR of all channel bandwidths, SCSs and multiple access schemes, even though not all three regions appear in all cases.
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[bookmark: _Ref509406393]Figure 3. Frequency offset required to avoid the A-MPR due to IMD3 of allocation and its image (40 MHz channel)
Based on our results to avoid A-MPR usage due to inner and outer re-growth regions 10 MHz frequency offset is sufficient therefore it is not worthwhile to treat the inner and outer regrowth region separately hence only two regions is sufficient i.e. IMD3 region and re-growth region. These regions are shown in Figure 4 with parameters defined later in this document, in Table 1. 




[bookmark: _Ref509400514]Figure 4. A-MPR regions in a narrow channel (above) and wide channel (below);
allocation coordinates converted to Hz for a unified parametrization among all SCSs.

2.2	Region borders, frequency offsets, and A-MPR
Figure 5–Figure 11 summarize our simulation results for the region borders and frequency offsets.
The region borders and frequency offsets can be expressed as very simple functions of the channel bandwidth or as constants. To simplify the A-MPR rule, use a parametrization common for all SCSs: express the region borders in Hz.
2.2.1	IMD3 region
Observation 1:  The maximum RBstart in the IMD3 region is approximately proportional to channel bandwidth.
This is caused by the fact that the maximum distance of a narrow allocation and its image is approximately proportional to the channel bandwidth.
Observation 2:  The maximum allocation width of the IMD3 region can be defined as a constant in Hz.
At larger allocation widths, the IMD3 peak stays below the additional spurious limit.
Observation 3:  In the IMD3 region, the frequency offset required to avoid A-MPR decreases by 3N12SCS when RBstart is increased by N RB. This does not depend on the PA.
When the allocation moves N RB towards the channel center, so does the image. As a result, the IMD3 peak shifts by 3N RB. This is verified by the simulation data shown in Figure 8.
2.2.2	Regrowth region
The expression LCRB/2 can be used to slope the right-hand border of regrowth region. Shift the border horizontally by an amount that depends on the channel bandwidth. The expression LCRB/2 was already used in the agreed MPR definition. Here, it gives the same slope to the edge of the regrowth region, whereas a horizontal shift is used for including some allocations that are part of the inner region of the MPR definition.
An upper constant limit (in Hz) for LCRB in the regrowth region should be defined to ensure better coverage for the largest allocations in 80 MHz and 100 MHz channels. In channels narrower than 80 MHz, the regrowth region extends to the upper corner of the allocation triangle, hence the upper limit of LCRB has no effect on them.
To simplify the A-MPR definition a constant 10 MHz frequency should be used. Note that 10 MHz is the smallest NR channel bandwidth permitted in band n41, hence defining a smaller offset for OFDM (as seen in Figure 11) would give little benefit.
According to our simulations, the maximum back-off values in the IMD3 region and regrowth region are very similar. Therefore using the same A-MPR value for each A-MPR region, channel bandwidth, and SCS simplifies the A-MPR definition greatly. A-MPR is however defined separately for each combination of modulation and multiple access scheme.

Define the A-MPR as total back-off rather than additive to the MPR.
Additive A-MPR definition would cause unnecessary complexity or excessive back-off at the intersection of the outer region of the MPR definition and IMD3 region of the A-MPR definition. Therefore we propose to defined A-MPR as total backoff without MPR and use formula max(MPR, A-MPR) to determine the allowed power reduction.
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[bookmark: _Ref509419240][bookmark: _Ref509419235]Figure 5. Maximum RBstart of the IMD3 region
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Figure 6. Maximum LCRB of the IMD3 region
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Figure 7. Maximum frequency offset offsetmax,IMD3 between lower band edge and lower channel edge.
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[bookmark: _Ref509452798]Figure 8. Required frequency offset to avoid A-MPR in the IMD3 region; simulated vs. proposed
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Figure 9. start for the regrowth region
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Figure 10. Maximum LCRB of the regrowth region
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[bookmark: _Ref509419380]Figure 11. Frequency offset required to avoid A-MPR in the regrowth region

2.3	Proposed rule for A-MPR and frequency offset
The proposed A-MPR rule can be summarized as:
If allocation is within the IMD3 region
and frequency offset is insufficient,
then
	apply A-MPR,
else, if allocation is within the regrowth region
and frequency offset is insufficient,
then
	apply A-MPR,
else,
	apply MPR.

This results in the following A-MPR rule:

Proposal: The back-off is defined as max(MPR, A-MPR).
Given the parameters defined in Table 1 and symbol definitions in Table 2,

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 3,
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 3,
else,
	A-MPR = 0.
[bookmark: _Ref509480096]Table 1. Parameters for region edges and frequency offsets
	Parameter
	Symbol
	Value
	Related condition

	
	
	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)

	Max freq. offset for IMD3 region
	offsetmax,IMD3
	BWChannel - 6MHz
	 

	Freq. offset required to avoid A-MPR in IMD3 region
	offsetIMD3
	offsetmax,IMD3 - 312SCSRBstart
	FC - BWChannel/2 ≥ FUL_low + offsetIMD3

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

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

	Freq. offset required to avoid A-MPR in regrowth region
	offsetregrowth
	10 MHz
	 FC - BWChannel/2 ≥ FUL_low + offsetregrowth


[bookmark: _Ref509450514]
Table 2. Symbols adopted from 38.101 and 36.101
	Symbol
	Definition

	BWChannel
	Channel bandwidth

	FC
	Centre frequency of channel

	FUL_low
	The lower edge frequency of the uplink operating band

	SCS
	Subcarrier spacing

	RBstart
	Index of lowest allocated resource block; RBstart=0 is the lowest RB in the channel.

	LCRB
	Number of contiguously allocated resource blocks



[bookmark: _Ref509451280]Table 3. A-MPR values
	Access
	Modulation
	A-MPR [dB]

	DFT-S-OFDM
	pi/2-BPSK
	1.5

	
	QPSK
	2

	
	16-QAM
	2.5

	OFDM
	QPSK
	4

	
	16-QAM
	4

	Any other
	0



3. Conclusions
In this contribution, we proposed a formula-based A-MPR rule for band n41 that effectively avoids excess back-off while it still is relatively simple despite the overwhelmingly large number of possible parameter combinations.
Proposal: The back-off is defined as max(MPR, A-MPR).
Given the parameters defined in Table 1 and symbol definitions in Table 2,

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 3,
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 3,
else,
	A-MPR = 0.
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