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1 Introduction
In RAN4 #87, A-MPR value for n74 was provided in [1]. The contribution of this paper is to provide NR A-MPR definition for n74.
2 Discussion
In TR36.751[2], the following assumption of dual duplexer was agreed.
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Figure 1: Agreed dual duplexer assumption

We would like to note that n74 A-MPR specification applies the total back off A-MPR: Allowed maximum power reduction is defined as A-MPR=max (MPR, A-MPR'). Note that A-MPR'=0dB means only MPR is applied.
The below files are A-MPR evaluation for B11 protection provided by Nokia, where CBW = 15 MHz and filter attenuation at lower edge of B11 Rx is 5dB. This paper focus on this result and that in [2]  
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2.1 A-MPR for B11 protection 

2.1.1 Definition of A-MPR regions

Figure 2 depicts an example of band n74 A-MPR for B11 protection. 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. 
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Figure 2: Examples of simulated A-MPR triangles for band 11 protection (15 MHz channels)

In these triangles, we can identify three regions:

· IMD region at the lower right corner, caused by IMD of the allocation and its I/Q image. This region overlaps with both the inner and outer region of the MPR definition.

· Outer allocation region at the right edge, caused by spectral regrowth

· Inner allocation region, requiring no A-MPR

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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Figure 3: Examples of simulated A-MPR triangles for band 11 protection (15 MHz channels)

Figure 3 shows the example of IMD region.  The A-MPR specification is proposed as below, applying total back off A-MPR.

Allowed maximum power reduction is defined as A-MPR=max (MPR, A-MPR'),  
Note that A-MPR'=0dB means only MPR is applied,
where A-MPR' is defined as 

if RBend ≤ RBend,IMD and LCRB ≤ LcRB,IMD 

then


the A-MPR' is defined according to IMD region in Table xxx,

else, 

the A-MPR' is defined according to Inner and Outer region xxx, where inner and outer region is defined according to 6.2.2 in TS38.101-1.
Observation 1: For B11 protection, three regions can be specified for characterizing the A-MPR: IMD region, Outer region, and Inner region.

2.1.1 Further analysis for IMD region
For LTE, A-MPR is not needed for IMD region. The below table shows A-MPR for B11 protection in LTE. As shown in the table, A-MPR is needed for B11 protection only when the number of RBs is higher than 40, which is caused by spectrum regrowth.
Table 1: A-MPR for B11 protection in TS 36.101
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For NR, as shown in Figure 2.1-1, A-MPR is needed for IMD region. This is because the higher spectrum utilization in NR is enable to set additional RBs in the edge of B21 compared to LTE, e.g., additional 4RB in case of CBW =15 MHz and SCS=15 kHz, and thus IM5 caused by LO leakage and transmission RBs moves further away from B21 and reaches to B11 Rx.
Observation 2: For B11 protection, IM5 caused by LO leakage and transmission RBs moves further away from B21 in NR compare to in LTE due to higher spectrum utilization and reaches to B11 Rx.
  However, our investigation shows that the actual IMD impact in real devices may be much smaller than the minimum requirement in 3GPP spec used for A-MPR evaluation. Such an assumption of larger IMD than real values may cause severe filter design to achieve high attenuation, which may cause a deterioration of other characteristics of filter such as insertion loss.
Furthermore, we would like to note that A-MPR on IMD region has serious impact on 5G deployment, because RB allocation in IMD region means a narrow band transmission, which can be used at cell edge. If A-MPR is set to unnecessary large values, the cell coverage of NW is designed considering unnecessary small connectivity.
In short, assumption of unnecessary large IM impact is not good from both UE and NE perspectives. We have no intention to change the general requirement of IQ-image, but would like to use the realistic assumption to evaluate A-MPR, especially in case it impacts on UE and NW design. Therefore, we propose A-MPR for B11 protection as the below table.
Observation 3: For B11 protection, IM5 caused by LO leakage and transmission RBs in real devices may be much smaller than the minimum requirement in 3GPP spec, which may degrade filter performance of UE and cell coverage of NW.
Proposal 1: For B11 protection, A-MPR is specified as shown in Table 2, 3, and 4.
Table 2: A-MPR' for B11 protection for SCS = 15 kHz

	Access
	Modulation
	A-MPR' (dB)

	
	
	IMD region
	Inner
	Outer 

(NOTE3)

	DFT-S-OFDM
	pi/2-BPSK
	0
	0
	≤ [1]

	
	QPSK
	0
	0
	≤ [2]

	
	16-QAM
	0
	0
	 0

	
	64-QAM
	0
	0
	0

	
	256-QAM
	0
	0
	0

	CP-OFDM
	QPSK
	0
	0
	0

	
	16-QAM
	0
	0
	0

	
	64-QAM
	0
	0
	0

	
	256-QAM
	0
	0
	0

	NOTE 1:
The A-MPR’ values can be applied only for CBW=15MHz

NOTE 2:
(RBend,IMD, LCRB,IMD) for IMD region is not specified.  

NOTE3: The A-MPR’ values can be applied only for LCRB,IMD > 70


Table 3: A-MPR' for B11 protection for SCS = 30 kHz

	Access
	Modulation
	A-MPR' (dB)

	
	
	IMD region
	Inner
	Outer

	DFT-S-OFDM
	pi/2-BPSK
	0
	0
	0

	
	QPSK
	0
	0
	≤ [1.5]

	
	16-QAM
	0
	0
	0

	
	64-QAM
	0
	0
	0

	
	256-QAM
	0
	0
	0

	CP-OFDM
	QPSK
	0
	0
	0

	
	16-QAM
	0
	0
	0

	
	64-QAM
	0
	0
	0

	
	256-QAM
	0
	0
	0

	NOTE 1:
The A-MPR’ values can be applied only for CBW=15MHz

NOTE 2:
(RBend,IMD, LCRB,IMD) for IMD region is not specified.  

NOTE3: The A-MPR’ values can be applied only for LCRB,IMD > 35


Table 3: A-MPR' for B11 protection for SCS = 60 kHz

	Access
	Modulation
	A-MPR' (dB)

	
	
	IMD region
	Inner
	Outer
(NOTE3)

	DFT-S-OFDM
	pi/2-BPSK
	0
	0
	0

	
	QPSK
	0
	0
	≤ [1.5]

	
	16-QAM
	0
	0
	0

	
	64-QAM
	0
	0
	0

	
	256-QAM
	0
	0
	0

	CP-OFDM
	QPSK
	0
	0
	0

	
	16-QAM
	0
	0
	0

	
	64-QAM
	0
	0
	0

	
	256-QAM
	0
	0
	0

	NOTE 1:
The A-MPR’ values can be applied only for CBW=15MHz

NOTE 2:
(RBend,IMD, LCRB,IMD) for IMD region is not specified.  

NOTE3: The A-MPR’ values can be applied only for LCRB,IMD > 16


2.2 A-MPR for own Rx protection 

The same definition of A-MPR regions is used as B11 protection because there are three regions due to spectrum regrowth and IMD. 
Proposal 2: For own Rx protection, A-MPR is specified as shown in Table 5, 6, and 7.
Table 5: A-MPR' for own Rx protection for SCS = 15 kHz

	Access
	Modulation
	A-MPR' (dB)

	
	
	IMD region
	Inner
	Outer 

	DFT-S-OFDM
	pi/2-BPSK
	≤ [1.5]
	0
	≤ [1.5]

	
	QPSK
	≤ [2]
	0
	≤ [2]

	
	16-QAM
	≤ [2.5]
	0
	 ≤ [2.5]

	
	64-QAM
	≤ [3]
	0
	≤ [3]

	
	256-QAM
	0
	0
	0

	CP-OFDM
	QPSK
	≤ [2]
	0
	≤ [4]

	
	16-QAM
	≤ [4]
	0
	≤ [4]

	
	64-QAM
	≤ [4]
	0
	≤ [4]

	
	256-QAM
	0
	0
	0

	NOTE 1:
The A-MPR’ values can be applied for CBW=10 MHz, 15 MHz, and 20 MHz
NOTE 2:
(RBend,IMD, LCRB,IMD) for IMD region is specified as (82,30 ). 


Table 6: A-MPR' for own Rx protection for SCS = 30 kHz

	Access
	Modulation
	A-MPR' (dB)

	
	
	IMD region
	Inner
	Outer

	DFT-S-OFDM
	pi/2-BPSK
	≤ [1]
	0
	≤ [1]

	
	QPSK
	≤ [2]
	0
	≤ [2]

	
	16-QAM
	≤ [2.5]
	0
	≤ [2.5]

	
	64-QAM
	≤ [3]
	0
	0

	
	256-QAM
	0
	0
	0

	CP-OFDM
	QPSK
	≤ [4]
	0
	≤ [4]

	
	16-QAM
	≤ [4]
	0
	≤ [4]

	
	64-QAM
	≤ [4]
	0
	≤ [4]

	
	256-QAM
	0
	0
	0

	NOTE 1:
The A-MPR’ values can be applied for CBW=10 MHz, 15 MHz, and 20 MHz

NOTE 2:
(RBend,IMD, LCRB,IMD) for IMD region is specified as (39, 12). 


Table 7: A-MPR' for own Rx protection for SCS = 60 kHz
	Access
	Modulation
	A-MPR' (dB)

	
	
	IMD region
	Inner
	Outer
(NOTE3)

	DFT-S-OFDM
	pi/2-BPSK
	0
	0
	≤ [1]

	
	QPSK
	≤ [2]
	0
	≤ [1]

	
	16-QAM
	≤ [2]
	0
	≤ [2.5]

	
	64-QAM
	0
	0
	0

	
	256-QAM
	0
	0
	0

	CP-OFDM
	QPSK
	≤ [4]
	0
	≤ [4]

	
	16-QAM
	≤ [4]
	0
	≤ [4]

	
	64-QAM
	0
	0
	≤ [4]

	
	256-QAM
	0
	0
	0

	NOTE 1:
The A-MPR’ values can be applied for CBW=10 MHz, 15 MHz, and 20 MHz

NOTE 2:
(RBend,IMD, LCRB,IMD) for IMD region is specified as (19, 5). 


2.1 A-MPR for EESS protection
Figure 4 depicts an example of band n74 A-MPR for EESS protection. 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. 
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Figure 2.2-1 Examples of simulated A-MPR triangles for EESS protection (15 MHz channels)
A-MPR for EESS is caused by spectrum regrowth, and thus we simply define A-MPR specification based on the number of RBend and LCRB.
Proposal 3: For EESS protection, A-MPR is specified as shown in Table 8 and 9.
Table 2.2-1: A-MPR' for EESS protection for DFT-S-OFDM
	CBW
	Carrier center frequency (FC) 
	Parameters
	Region A
	Region B

	[MHz]
	[MHz]
	
	
	

	10
	1435 ≤ FC < 1442
	RBend
	0-2
	　

	
	
	LCRB [RBs]
	≥48
	　
	　

	
	
	A-MPR’ [dB]
	≤[8.5]
	　
	　

	15
	
1437.5 ≤ FC < 1447.5
	RBend
	0-10
	　

	
	
	LCRB [RBs]
	≥50
	　
	　

	
	
	A-MPR’ [dB]
	≤[9]
	　
	　

	20
	1440 ≤ FC < 1450
	RBend
	0-10
	11-20

	
	
	LCRB [RBs]
	≥50
	60-80
	≥81

	
	
	A-MPR’ [dB]
	≤[10]
	≤[9]
	≤[10]

	NOTE 1:
The total backoff applied is max(MPR, A-MPR) where MPR defined in TS 38.101-1.


Table 2.2-2: A-MPR' for EESS protection for CP-OFDM
	CBW
	Carrier center frequency (FC) 
	Parameters
	Region A
	Region B
	Region C

	[MHz]
	[MHz]
	
	
	
	

	10
	1435 ≤ FC < 1442
	RBend
	0-2
	
	
	

	
	
	LCRB [RBs]
	≥45
	
	
	
	

	
	
	A-MPR’ [dB]
	≤[8.5]
	
	
	
	

	15
	
1437.5 ≤ FC < 1447.5
	RBend
	0-10
	11-15
	

	
	
	LCRB [RBs]
	40-60
	≥61
	60-70
	
	

	
	
	A-MPR’ [dB]
	≤[9]
	≤[10]
	≤[9]
	
	

	20
	1440 ≤ FC < 1450
	RBend
	0-10
	11-20
	21-30

	
	
	LCRB [RBs]
	40-60
	≥61
	60-80
	≥81
	≥80

	
	
	A-MPR’ [dB]
	≤[9]
	≤[10.5]
	≤[9]
	≤[10]
	≤[9]

	NOTE 1:
The total backoff applied is max(MPR, A-MPR) where MPR defined in TS 38.101-1.


2.2 A-MPR for MSS protection
As agreed in R4-1805727, this aspect should be discussed in another paper since this is related to BS spec. 
Proposal 4: For MSS protection, A-MPR is not specified since this is related to BS spec.
3 Conclusion
In this contribution, we proposed a formula-based A-MPR rule for band n74 that effectively avoids excess back-off while it still is relatively simple despite the overwhelmingly large number of possible parameter combinations.

Observation 1: For B11 protection, three regions can be specified for characterizing the A-MPR: IMD region, Outer region, and Inner region.

Observation 2: For B11 protection, IM5 caused by LO leakage and transmission RBs moves further away from B21 in NR compare to in LTE due to higher spectrum utilization and reaches to B11 Rx.
Observation 3: For B11 protection, IM5 caused by LO leakage and transmission RBs in real devices may be much smaller than the minimum requirement in 3GPP spec, which may degrade filter performance of UE and cell coverage of NW.
Proposal 1: For B11 protection, A-MPR’ is specified as shown in Table 2, 3, and 4.
Proposal 2: For own Rx protection, A-MPR’ is specified as shown in Table 5, 6, and 7.
Proposal 3: For EESS protection, A-MPR’ is specified as shown in Table 8 and 9.
Proposal 4: For MSS protection, A-MPR’ is not specified since this is related to BS spec.
4
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