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1	Introduction
This contribution presents a definition for the A-MPR for band n41 as well as the frequency offset to avoid A-MPR. The proposal is based on simulation results and verified PA model and is a slight modification of [1].
2	Discussion
2.1	Definition of A-MPR regions
We analyse n41 to find the A-MPR regions by simulating the total back-off. Figure 1 depicts two examples of band n41 when the channel is at the lower band edge. In these triangles in Figure 1, we can identify 2 regions:

· IMD3 region at the lower left corner, caused by IMD3 of the allocation and its I/Q image as defined in [1].
· Outer/Inner regrowth region (Left edge and Inner) caused by spectral regrowth as defined in [1].
Regrowth characteristics can vary over PA model and operation mode. Taking this aspect into account, the parameters in Table 2 need to be modified. So, we apply and tweak the algorithm in [1] to ensure that the back-off requirement can be met. This means tweaking the frequency offsets, RB_START, and LCRB boundary conditions.
[image: ][image: ]
[image: ][image: ]
[bookmark: _Ref509400988]Figure 1. Examples of simulated Total Back-off (20 MHz and 100 MHz channels)

2.2	Frequency Offsets
Frequency Offsets in Table 1 are calculated for 2 regions, so when the frequency offset is exceeded, we simply apply the regular MPR, If the frequency offset is not exceeded, then we apply the back-off within the A-MPR region.
· IMD3 region. The frequency offset is simply calculated so to avoid IMD due to RSB falling into additional spurious region. We simplify from [1] and make independent of RB_START. and SCS. This simplifies to . The reason for simplification is that more time is needed to see if SW can handle the complexity of reducing the frequency offset as a function of RB_START. For example, the impact is ~20RB’s in a 20MHz BW, and the impacted RB’s would scale with SCS and BW.

· Regrowth regions. Our regrowth regions have   for CP-OFDM.  for DFT-s-OFDM. The reason for modifying these parameters is that the regrowth pattern can vary with PA model and PA operation mode. Further, the MPR is sufficient in CP-OFDM mode to handle a lower offset frequency than the DFT-s-OFDM counterpart.
We test the required back-off coverage for FC - BWChannel/2 < FUL_low + offset_regrowth to see if the required total back-off reduces to the required MPR. If the required total back off simply reduces to the required MPR to meet general requirements except NS_04 SEM, then we know that offset_regrowth is enough. Figure 3 shows the total back-off using a simple shift or offset_regrowth of 10MHz as proposed by the Nokia rule [1]. Clearly at 100MHz, the back-off for the additional spurious (NS_spur) is still shown. However, when we increase the offset to 25MHz for CP-OFDM and 60MHz for DFT-s-OFDM, the back-off from NS_spur is below MPR. Figure 3 shows total back-off for the 10MHz shift Vs the shifts required for the 2 waveform types at 100MHz. Table 4 summarizes the shifts required for all BW’s.
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Figure 3. Using the modified frequency offset_regrowth parameter for CP-OFDM and DFT-s-OFDM. The original 10MHz shift is not enough
2.3	Modifying algorithm parameters
Not only the AMPR’ values need to be modified. Other parameters need to be modified to successfully reduce the amount of back-off required after applying the algorithm. We tested this by reducing the frequency offset to zero or channel edge is parked at 2496MHz. We had to make the following changes to account for different PA model behaviour and operation mode:
AWmax,IMD3		Modify from 4MHz/(12*SCS) to 8MHz/(2*SCS).
offsetmax,IMD3		Modify from [BWChannel – 6 MHz-3*12SCS*RBstart] to [BWChannel – 6 MHz] to reduce possible UE software complexities
start				Modify from [0.08 BWChannel] to [0.00 BWChannel] 
AWmax,regrowth		Modify from 61MHz  to 100MHz because regrowth spreads wider for our PA model.
offsetregrowth		See section 2.2
RBstart ≤ LCRB/Slope + start / (12SCS)		Modify the slope from 2 to 1.25
Figure 4 shows example of simulated results showing the difference of using unmodified parameters to the modified parameters. The unmodified parameters still require back-off. 
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[bookmark: _GoBack]Figure 4. QPSK CP-OFDM. Top is unmodified parameters [1]. Bottom is modified parameters and applying a modified variant of the proposed rule as in Table 2.

2.4	Proposed modified rule for A-MPR and frequency offset
Use the same rule proposed in [1], but with some modifications. AMPR’ = Total Back off and AMPR = max (MPR, AMPR’). 
Proposal: A-MPR = max (MPR, AMPR’)
Note that AMPR’ = 0dB means only MPR is applied
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 AMPR’ is defined according to Table 3,
else, if RBstart ≤ LCRB/1.25 + start / (12SCS)
and LCRB ≤  AWmax,regrowth / (12SCS)
and FC - BWChannel/2 < FUL_low + offsetregrowth,
then
	the AMPR’ is defined according to Table 3,
else,
	only AMPR’ = 0dB and apply MPR.
[bookmark: _Ref509480096][bookmark: _Hlk513846344]Table 2. Parameters for region edges and frequency offsets [1] with some exceptions
	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
	8 MHz
	LCRB ≤ AWmax,IMD3 / (12SCS)

	Max freq. offset for IMD3 region
	offsetmax,IMD3
	[BWChannel – 6 MHz]
	 

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

	Right edge of regrowth region
	start
	[0.00 BWChannel]
	[0.00 BWChannel]
	RBstart ≤ LCRB/1.25 + start / (12SCS)

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

	Freq. offset required to avoid A-MPR in regrowth region
	offsetregrowth
	Max (10MHz, 0.25* BWChannel MHz]
	Max (10MHz, 0.6* BWChannel 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
	3.5

	
	QPSK
	4

	
	16-QAM
	4

	
	64-QAM
	4

	
	256-QAM
	4.5

	CP-OFDM
	QPSK
	5.5

	
	16-QAM
	5.5

	
	64-QAM
	5.5

	
	256-QAM
	6.5





Table 4. Example Frequency Offset Values in Table Format
	BW, MHz
	10
	15
	20
	25
	40
	50
	60
	80
	100

	offsetIMD3, MHz
	[4.5]
	[9.5]
	[14.5]
	[19.5]
	[34.5]
	[44.5]
	[54.5]
	[74.5]
	[94.5]

	CP-OFDM offsetregrowth, MHz
	[10]
	[10]
	[10]
	[10]
	[10]
	[12.5]
	[15]
	[20]
	[25]

	DFT-s--OFDM offsetregrowth, MHz
	[10]
	[10]
	[12]
	[15]
	[24]
	[30]
	[36]
	[48]
	[60]









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: A-MPR = max (MPR, AMPR’)
Note that AMPR’ = 0dB means only MPR is applied
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 AMPR’ is defined according to Table 3,
else, if RBstart ≤ LCRB/1.25 + start / (12SCS)
and LCRB ≤ AWmax,regrowth / (12SCS)
and FC - BWChannel/2 < FUL_low + offsetregrowth,
then
	the AMPR’ is defined according to Table 3,
else,
	only AMPR’ = 0dB and apply MPR.
References
[1] [bookmark: _Ref509448318]R4-1804025, A-MPR definition for band n41, Nokia, RAN4#86, Athens, March 2018
image3.jpeg
'SCFDMA QPSK 20MHz 15KHz 100RBs Fc=2506000000 RBstart
100

40 60
RBStart





image4.jpeg
'SCFDMA QPSK 100MHz 30KHz 270RBs Fc=2546000000 RBstart i

250





image5.jpg
T%tql Backoff SCFDMA QPSK 100MHz 60KHz 135RBs Fc=2546000000

Total Backoff (dB)

“ SEM
7r X  EUTRA
% NS SPUR
% NS SEM
ol
ol
ik
:
“x
3E %
. &%52
: [it—poe
e

0 20 40 60 80 100 120 140
LcRB




image6.jpg
T%tgl Backoff SCFDMA QPSK 100MHz 60KHz 135RBs Fc=2606000000

“ SEM
7r *x  EUTRA
*x NS SPUR
X NS SEM
6F
5t
4K

Total Backoff (dB)

; | B LR
N L
60

80 100 120 140
LcRB




image7.jpeg
Total Backoff (dB)

'I{;o(al Backoff OFDM QPSK 100MHz 60KHz 135RBs Fc=2546000000

SEM

7 x EUTRA
% NSSPUR
* NS SEM

140

LcRB




image8.jpeg
'Iéolal Backoff OFDM QPSK 100MHz 60KHz 135RBs Fc=2571000000

Total Backoff (dB)

LcRB




image9.png
RBLength

100

80

70

60

50

40

30

20

10

20

20MHz 30KHz SCS

40

60
RBStart

80

100




image10.png
RBLength

250

200

100

50

50

100

100MHz 30KHz SCS

150
RBStart

200

08

06

04

02




image11.png
R 8 8 8 8 R °
wbuaay





image12.png
& g g
wbuaigy





image1.jpg
OFDM QPSK 20MHz 15KHz 106RBs Fc=2506000000 RBstart

5.5

100

90

=3
S}

~
o

3.5

@
=

133
o

25

RBLength

N
o

w
S

15

N
S}

0.5

)

0 20 40 60 80 100
RBStart




image2.jpg
RBLength

OFDM QPSK 100MHz 30KHz 273RBs Fc=2546000000 RBstart

250

200

150

100

50

50

100

150
RBStart

200

250

3.5

25

1.5

0.5




