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1	Introduction
As per the WF [1], the following issues are to be further discussed for NS_46 A-MPR:
<Way forward>: Use proposal 3 as starting point, further discuss the following issues:
· The A-MPR regions and values for BW≥25MHz
· Whether to specify A-MPR for BW≤20MHz? If yes, how to treat power class fallback?
· The A-MPR regions and values for BW≤20MHz if needed
· How to specify the carrier centre frequency range for BW≤25MHz (e.g. does it need to cover the whole range of band n7?)  
2	Discussion
2.1 Additional Spectrum Emission Requirements of NS_46
[bookmark: _Toc61367609][bookmark: _Toc61372992][bookmark: _Toc68230940][bookmark: _Toc69084353][bookmark: _Toc75467363][bookmark: _Toc76509385][bookmark: _Toc76718375][bookmark: _Toc83580714][bookmark: _Toc84405223][bookmark: _Toc84413832]6.5.3.3.25	Requirement for network signalling value "NS_46"
When "NS_46" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5.3.3.25-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.
Table 6.5.3.3.25-1: Additional requirements for “NS_46”
Protected band
Frequency range (MHz)
Maximum Level (dBm)
MBW (MHz)
NOTE
Frequency range
2570
-
2575
+1.6
5
1, 2
Frequency range
2575
-
2595
-15.5
5
1, 2
Frequency range
2595
-
2620
-40
1
1
NOTE 1:	This requirement is applicable for all carriers confined in 2500-2570 MHz. Sepcial restrictions apply for channel bandwidths up to 20MHz: For carriers of 15 MHz bandwidth when carrier centre frequency is within the range 2560.5 - 2562.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 2552 - 2560 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB with the minimum supported SCS of 15KHz.
NOTE 2:	For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.


Observation 1: RB restrictions (<=54 RB) are applied for BW=15/20MHz when the carrier centre frequency is within certain range. The underlying power class assumption is PC3.
Observation 2: The PC3 A-MPR is only specified for BW>20MHz.
2.2 A-MPR Requirements for NS_46
As per the WF [1], the following proposal is used as the starting point for discussion.
Table 1: A-MPR regions for NS_46 for PC2
Channel Bandwidth, MHz
Carrier Center Frequency, Fc, MHz
Regions
A-MPR


RBend*12*SCS
MHz
LCRB*12*SCS
MHz

10 MHz
2505 ≤ FC ≤ 2565

≥ 7.92
> 0
A9


≥ 7.92
< 5.4
A10
15 MHz
2507.5 ≤ FC ≤ 2562.5
≥ 11.16
> 0
A9


≥ 11.16
< 5.4
A10
20 MHz
2510 ≤ FC ≤ 2560
≥12.6, < 15.3
≥ 10.8
A7


≥ 15.3
> 0
A9


≥ 14.4
< 5.4
A10
25 MHz
2512.5 ≤ FC ≤ 2557.5
< 14.4
>max (0, 12*SCS*RBend - 2.7)
A5


≥ 14.4, <18.9
> 9.9
A7


≥ 18.9
≥ 7.2
A9


≥ 17.64
< 7.2
A10
30 MHz
2515 ≤ FC ≤ 2555
≥0, <1.44
>0
A4
 
 
≥1.44, <13.5
>max (0, 12*SCS*RBend -1.8)
A5
 
 
≥13.5, <19.8
>11.52
A6
 
 
≥19.8, <25.92
>6.3
A7
 
 
≥25.92
>0
A8


> 20.7 , < 25.92
≤ 6.3
A10
35 MHz
2517.5 ≤ FC ≤ 2552.5
≥0, <3.42
>0
A4


≥3.42, <15.84
>max (0, 12*SCS*RBend - 3.06)
A5


≥15.84, <22.68
>12.6
A6


≥22.68, <28.8
>9.0
A7


≥28.8
>0
A8


> 24.3 , < 28.8
≤  9.0
A10
40 MHz
2520 ≤ FC ≤ 2550
≥0, <4.5
>0
A4


≥4.5, <18
>max (0, 12*SCS*RBend - 4.5)
A5


≥18, <25.74
>13.5
A6


≥25.74, <32.4
>12.6
A7


≥32.4
>0
A8


> 27.9 , < 32.4
≤  12.6
A10
50 MHz
2525 ≤ FC ≤ 2545
≥0, <9
>0
A4


≥9, <21.6
>max (0, 12*SCS*RBend - 7.2)
A5


≥21.6, <31.5
>18
A6


≥31.5, <39.6
>16.2
A7


≥39.6
>0
A8


> 33.84, < 39.6
≤ 19.8
A10


Table 2: A-MPR for NS_46 for PC2
Modulation/Waveform
A4
A5
A6
A7
A8
A9
A10
 
Outer/Inner
Outer/Inner
Outer/Inner
Outer/Inner
Outer/Inner
Outer/Inner
Outer/Inner
DFT-s-OFDM
PI/2 BPSK
6.5
2.5
3.5
6
10
6.5
3.5
 
QPSK
6.5
2.5
3.5
6
10
6.5
3.5
 
16 QAM
6.5
2.5
3.5
6
10
6.5
3.5
 
64 QAM
6.5
 2.5
3.5
6
10
6.5
3.5
 
256 QAM
 6.5
 
 
6
10
6.5

CP-OFDM
QPSK
6.5
3.5
5.5
7
11
8
4.5
 
16 QAM
6.5
3.5
5.5
7
11
8
4.5
 
64 QAM
6.5
3.5
5.5
7
11
8
4.5
 
256 QAM
 6.5 
 
 
7
11
8




A number of issues are identified in the starting point proposal [1], which are summarised below:
· Overlapping regions exist for BW=50/20/15/10MHz;
· New regions compared with PC3 A-MPR are proposed for BW=25/40MHz, which might result in excessive back-off than PC3;
· The range of carrier centre frequency could be excessive for BW=10 to 25MHz.
To address the above issues, we make the following proposals.
Proposal 1: Subject to further evaluation by measurements, consider the following PC2 A-MPR values for NS_46:
Table 1: A-MPR for NS_46 for PC2
	Modulation/Waveform
	A4
	A5
	A6
	A7
	A8
	A9
	A10

	 
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	[5+2.5]
	[2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[2.5]

	
	QPSK
	[5+2.5]
	[2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[2.5]

	
	16 QAM
	[5+2.5]
	[2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[2.5]

	
	64 QAM
	[5+2.5]
	 [2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[3]

	
	256 QAM
	 [5+2.5]
	 
	[3.5+2] 
	[6+2]
	[10+2.5]
	[6]
	

	CP-OFDM
 
 
 
	QPSK
	[5+2.5]
	[3.5]
	[5.5+1]
	[7+2]
	[11+2]
	[7.5]
	[4]

	
	16 QAM
	[5+2.5]
	[3.5]
	[5.5+1]
	[7+2]
	[11+2]
	[7.5]
	[4]

	
	64 QAM
	[5+2.5]
	[3.5]
	[5.5+1]
	[7+2]
	[11+2]
	[7.5]
	[4]

	
	256 QAM
	 [5+2.5] 
	 
	 
	[7+2]
	[11+2]
	[7.5]
	


Note: The values are shown in the form of addition to PC3 A-MPR, except for A9 and A10, which are new for PC2.

For BW=40MHz, the PC2 A-MPR regions for A4 and A5 in the starting point proposal [1] are slightly different from those for PC3. More specifically, the region for A4 expands into the region for A5. Given that the PC2 A4 is more than 3dB larger than PC3 A5, a new region should be defined instead, with A-MPR value = PC3_A5+3.
Proposal 2: For BW=40MHz, consider to define a new region (e.g. 4.14<=RBend*12*SCS<5.04) with PC2 A-MPR = PC3 A5 + 3, instead of expanding the region for A4.
As pointed out in [2], in the starting point proposal [1], the carrier centre frequency range for BW=25MHz is set to 2512.5 ≤ FC ≤ 2557.5 MHz, which is different from the range specified for PC3 A-MPR, namely 2534.5 ≤ FC ≤ 2557.5 MHz.
Proposal 3: Align the carrier centre frequency range for BW=25MHz with that for PC3 when defining the A-MPR requirements, namely 2534.5 ≤ FC ≤ 2557.5MHz.
Proposal 4: For BW=10 to 25MHz plus 50MHz, modify the A-MPR regions as follows:
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBend*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	[TBC] ≤ FC ≤ 2565

	≥ 7.92
	≥ 5.4
	[TBC]

	
	
	≥ 7.92
	< 5.4
	[TBC]

	15 MHz
	[2560.5] ≤ FC ≤ 2562.5
	≥ 11.16
	≥ 5.4
	[A6]

	
	
	≥ 11.16
	< 5.4
	A10

	20 MHz
	[2552] ≤ FC ≤ 2560
	≥12.6, < 15.3
	≥ 10.8
	[A6]

	
	
	≥ 15.3
	> 0
	A9

	
	
	≥ 14.4, < 15.3
	< 5.4
	A10

	25 MHz
	2534.5 ≤ FC ≤ 2557.5
	< 14.4
	>max (0, 12*SCS*RBend - 2.7)
	A5

	
	
	≥ 14.4, <18.9
	> 9.9
	[A6]

	
	
	≥ 18.9
	≥ 7.2
	A9

	
	
	≥ 17.64
	< 7.2
	A10

	50 MHz
	2525 ≤ FC ≤ 2545
	≥0, <9
	>0
	A4

	
	
	≥9, <21.6
	>max (0, 12*SCS*RBend - 7.2)
	A5

	
	
	≥21.6, <31.5
	>18
	A6

	
	
	≥31.5, <39.6
	>16.2
	A7

	
	
	≥39.6
	>0
	A8

	
	
	> 33.84, < 39.6
	≤ 16.2
	A10



Proposal 5: Further check if A-MPR is needed for BW=10MHz.
Proposal 6: Further check the A-MPR for BW=25MHz, since the regions are very different from those for PC3.
According to Observation 1, the UL transmission bandwidth is restricted to be no more than 54 RB for BW=15/20MHz. The assumed UE power class is PC3. By applying A-MPR, the restriction could be lifted for PC2 capable UEs. One issue related to power class fallback was raised for the A-MPR approach. 
More explicitly, when power class fallback happens due to e.g. the limit of duty-cycle or p-Max:
Case 1: Ideally, the network should not schedule more than 54 RB for the UE, since the RB restriction is part of the PC3 requirements. And the UE shall follow PC3 MPR/A-MPR requirements.
Case 2: More than 54 RB might be scheduled depending on network implementation. There is no PC3 A-MPR for this case. Hence, the lower bound of the max output power PCMAX_L would be unspecified, while the upper bound  PCMAX_H shall be reduced by 3dB. 
Proposal 7: For BW=15/20MHz, if the exception case happens that more than 54 RB is scheduled after power class fallback to PC3, the requirement on the lower bound of the configured maximum output power PCMAX_L is unspecified, while the existing requirement for PCMAX_H is unchanged.

3	Conclusion
Based on further analysis, we have concluded with the following observations and proposals:
Observation 1: RB restrictions (<=54 RB) are applied for BW=15/20MHz when the carrier centre frequency is within certain range. The underlying power class assumption is PC3.
Observation 2: The PC3 A-MPR is only specified for BW>20MHz.
Proposal 1: Subject to further evaluation by measurements, consider the following PC2 A-MPR values for NS_46:
Table 1: A-MPR for NS_46 for PC2
	Modulation/Waveform
	A4
	A5
	A6
	A7
	A8
	A9
	A10

	 
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	[5+2.5]
	[2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[2.5]

	
	QPSK
	[5+2.5]
	[2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[2.5]

	
	16 QAM
	[5+2.5]
	[2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[2.5]

	
	64 QAM
	[5+2.5]
	 [2+0.5]
	[3.5+2]
	[6+2]
	[10+2.5]
	[6]
	[3]

	
	256 QAM
	 [5+2.5]
	 
	[3.5+2] 
	[6+2]
	[10+2.5]
	[6]
	

	CP-OFDM
 
 
 
	QPSK
	[5+2.5]
	[3.5]
	[5.5+1]
	[7+2]
	[11+2]
	[7.5]
	[4]

	
	16 QAM
	[5+2.5]
	[3.5]
	[5.5+1]
	[7+2]
	[11+2]
	[7.5]
	[4]

	
	64 QAM
	[5+2.5]
	[3.5]
	[5.5+1]
	[7+2]
	[11+2]
	[7.5]
	[4]

	
	256 QAM
	 [5+2.5] 
	 
	 
	[7+2]
	[11+2]
	[7.5]
	


Note: The values are shown in the form of addition to PC3 A-MPR, except for A9 and A10, which are new for PC2.
Proposal 2: For BW=40MHz, consider to define a new region (e.g. 4.14<=RBend*12*SCS<5.04) with PC2 A-MPR = PC3 A5 + 3, instead of expanding the region for A4.
Proposal 3: Align the carrier centre frequency range for BW=25MHz with that for PC3 when defining the A-MPR requirements, namely 2534.5 ≤ FC ≤ 2557.5MHz.
Proposal 4: For BW=10 to 25MHz plus 50MHz, modify the A-MPR regions as follows:
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBend*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	[TBC] ≤ FC ≤ 2565

	≥ 7.92
	≥ 5.4
	[TBC]

	
	
	≥ 7.92
	< 5.4
	[TBC]

	15 MHz
	[2560.5] ≤ FC ≤ 2562.5
	≥ 11.16
	≥ 5.4
	[A6]

	
	
	≥ 11.16
	< 5.4
	A10

	20 MHz
	[2552] ≤ FC ≤ 2560
	≥12.6, < 15.3
	≥ 10.8
	[A6]

	
	
	≥ 15.3
	> 0
	A9

	
	
	≥ 14.4, < 15.3
	< 5.4
	A10

	25 MHz
	2534.5 ≤ FC ≤ 2557.5
	< 14.4
	>max (0, 12*SCS*RBend - 2.7)
	A5

	
	
	≥ 14.4, <18.9
	> 9.9
	[A6]

	
	
	≥ 18.9
	≥ 7.2
	A9

	
	
	≥ 17.64
	< 7.2
	A10

	50 MHz
	2525 ≤ FC ≤ 2545
	≥0, <9
	>0
	A4

	
	
	≥9, <21.6
	>max (0, 12*SCS*RBend - 7.2)
	A5

	
	
	≥21.6, <31.5
	>18
	A6

	
	
	≥31.5, <39.6
	>16.2
	A7

	
	
	≥39.6
	>0
	A8

	
	
	> 33.84, < 39.6
	≤ 16.2
	A10



Proposal 5: Further check if A-MPR is needed for BW=10MHz.
Proposal 6: Further check the A-MPR for BW=25MHz, since the regions are very different from those for PC3.
Proposal 7: For BW=15/20MHz, if the exception case happens that more than 54 RB is scheduled after power class fallback to PC3, the requirement on the lower bound of the configured maximum output power PCMAX_L is unspecified, while the existing requirement for PCMAX_H is unchanged.
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