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Introduction 
In this contribution A-MPR with PC2 is discussed and proposals are made for bands n7 and n28.


Discussion

1.1 A-MPR for n7 PC2

Operating band n7 is subject to additional emission requirement captured under NS_46. This requirement is re-produced below from TS 38.101-1


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.




The corresponding A-MPR has been specified for channel bandwidths of 25 MHz and wider. For 15 and 20 MHz channel bandwidths an RB restriction to 54RB is applicable. A-MPR for PC3 is reproduced below

Table 6.2.3.17-1: A-MPR regions for NS_46
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

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

	25 MHz
	2534.5 ≤ FC ≤ 2557.5
	
	Note 1
	A3

	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

	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

	40 MHz
	2520 ≤ FC ≤ 2550
	≥0, <4.14
	>0
	A4

	
	
	≥4.14, <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

	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

	NOTE 1:	> 9.72 MHz for DFT-s-OFDM, > 16.02 MHz for CP-OFDM. 



Table 6.2.3.17-2: A-MPR for NS_46
	Modulation/Waveform
	A3
	A4
	A5
	A6
	A7
	A8

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

	DFT-s-OFDM
	PI/2 BPSK
	4.5
	5
	2
	3.5
	6
	10

	
	QPSK
	4.5
	5
	2
	3.5
	6
	10

	
	16 QAM
	4.5
	5
	2
	3.5
	6
	10

	
	64 QAM
	4.5
	5
	
	3.5
	6
	10

	
	256 QAM
	
	
	
	
	6
	10

	CP-OFDM
	QPSK
	6
	5
	3.5
	5.5
	7
	11

	
	16 QAM
	6
	5
	3.5
	5.5
	7
	11

	
	64 QAM
	6
	5
	3.5
	5.5
	7
	11

	
	256 QAM
	6
	
	
	
	7
	11




A-MPR was evaluated for PC2 using simulations and results for some individual simulated RB allocations were also validated by measurements. Simulation assumptions were as follows:

· PA calibration point: ACLR of 31 dBc is met with DFT-s-OFDM StartRB = 0, L_CRB = 100 waveform
· IQ-image: -28 dBc
· LO-leakage: -28 dBc
· CIM3: -60 dBc
· Requirements considered: NR ACLR, SEM, Spurious emissions, EVM, NS_46 additional requirements.

The simulation results which are additional to results presented in [1] are included in the appendix of this document. Based on the simulations the A-MPR requirements in Table 1 and Table 2 are proposed for n7 PC2 to meet NS_46 requirements.

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
	




Proposal 1: Adopt the A-MPR regions and A-MPR values in Table 1 and Table 2 for NS_46 for PC2 operation 

One additional detail in n7 operation is that PC3 does not have any A-MPR for 10-20 MHz channel bandwidths, but instead 15 and 20 MHz channel bandwidths are restricted to 54RB transmission bandwidth. It is possible that this results in a case that PC2 UE needs to fallback to PC3 while it is transmitting more than 54RB. The UE behaviour in such case is currently unclear. If the UE keeps transmitting with full output power of 23 dBm, it risks violating the emission limit. On the other hand it is detrimental for network performance and user experience if the UE stops transmitting. 

Therefore, it would be beneficial to allow UE to keep transmitting, but at the same time allow UE to reduce its output power to ensure that emission limits are met. Based on our evaluation, UE should be allowed to reduce its output power to 23 dBm – max(MPR,4) dB in case it falls back to PC3 operation and is transmitting more than 54 RB. This should be considered at least for PC2 capable UEs, as changing the PC3 A-MPR needs further consideration.

Proposal 2: Allow PC2 capable UEs to reduce their output power 23 dBm – max(MPR,4) dB in case PC2 needs to fall back to PC3 operation and transmit more than 54 RB. Apply this for both SC-FDMA and CP-OFDM and all modulation orders.


1.2 A-MPR for n28 PC2

In previous meeting first proposals for A-MPR for NS_17 were made in [2]. In the discussion it was mentioned that dual duplexer assumptions was used with 12 dB attenuation assumed for frequencies below 710 MHz, i.e. for frequencies for which NS_17 requirements apply. NS_17 requirement is reproduced below.
[bookmark: _Toc21344370][bookmark: _Toc29801856][bookmark: _Toc29802280][bookmark: _Toc29802905][bookmark: _Toc37251413][bookmark: _Toc45888293][bookmark: _Toc45888892][bookmark: _Toc61367586][bookmark: _Toc61372969][bookmark: _Toc68230917][bookmark: _Toc69084330][bookmark: _Toc75467340][bookmark: _Toc76509362][bookmark: _Toc76718352][bookmark: _Toc83580691][bookmark: _Toc84405200][bookmark: _Toc84413809]6.5.3.3.2	Requirement for network signalling value "NS_17"
When "NS_17" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5.3.3.2-1. 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 6.5.3.3.2-1: Additional requirements for "NS_17"
Frequency range
(MHz)
Channel bandwidth (MHz) / Spectrum emission limit (dBm)
Measurement bandwidth 
NOTE

5, 10


470 ≤ f ≤ 710
-26.2
6 MHz
1
NOTE 1:	Applicable when the assigned NR carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.



While dual duplexer assumption has been applied for LTE and PC3 for NR, the actual design trends are moving towards a single duplexer which covers the full band n28. Given that NS_17 additional requirements are in force also within n28 UL frequency range, no filter rejection is available. To have the standards aligned with the evolution of practical RF front-end designs, it is highly preferable to define the minimum requirements based on full band duplexer.
In addition to NS_17 requirements, also NS_18 requirement is specified for band n28 as shown below.
 [image: A close-up of a data  Description automatically generated]


In previous A-MPR analysis for NS_18, e.g. in [3], 2 dB filter selectivity was assumed for NS_18 from dual duplexer for frequencies below 698 MHz. Our initial analysis indicates that the final specified PC3 A-MPR enables meeting NS_18 requirement without any filter attenuation. Therefore it would be preferable to analyse NS_18 A-MPR assuming no filter rejection to 692 – 698 MHz.

Proposal 3: Analyze and specify A-MPR for NS_17 and NS_18 assuming full band duplexer and no filter attenuation towards the additional emission requirements.

Furthermore, going through the requirements we noticed that the current specification does not include 25 MHz channel bandwidth to the NS_18 additional requirement table, shown above. This is an error as A-MPR was analyzed and specified for NS_18 with 25 MHz channel bandwidth. We will bring a maintenance correction to fix the requirement in RAN#109. Meanwhile, it is important that 25 MHz channel bandwidth is analyzed while defining PC2 A-MPR requirements

Observation 1: Current specification has an error and NS_18 emission requirement does not capture 25 MHz bandwidth. It is still necessary to analyze 25 MHz channel bandwidth.

Additionally, the work for NR less than 5 MHz has been completed in RAN4 RF, while the work item is still not complete due to remaining open issues in other sessions. This work item introduces 3 MHz channel bandwidth to n28. To avoid a scenario where PC2 requirements are missing for 3 MHz, it is preferable to analyze A-MPR for 3 MHz for both NS_17 and NS_18 already now.

Proposal 4: Analyze also A-MPR for 3 MHz channel bandwidth for n28 PC2.


Conclusions

In this contribution A-MPR with PC2 was discussed and following proposals were made for bands n7 and n28.

Proposal 1: Adopt the A-MPR regions and A-MPR values in Table 1 and Table 2 for NS_46 for PC2 operation 

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
	



Proposal 2: Allow PC2 capable UEs to reduce their output power 23 dBm – max(MPR,4) dB in case PC2 needs to fall back to PC3 operation and transmit more than 54 RB. Apply this for both SC-FDMA and CP-OFDM and all modulation orders.

Proposal 3: Analyze and specify A-MPR for NS_17 and NS_18 assuming full band duplexer and no filter attenuation towards the additional emission requirements.

Observation 1: Current specification has an error and NS_18 emission requirement does not capture 25 MHz bandwidth. It is still necessary to analyze 25 MHz channel bandwidth.

Proposal 4: Analyze also A-MPR for 3 MHz channel bandwidth for n28 PC2.
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Appendix: A-MPR simulation results
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Figure 1: 5 MHz CP-OFDM 64QAM
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Figure 2: 5 MHz DFT-s-OFDM 64QAM
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Figure 3: 10 MHz CP-OFDM 64QAM
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Figure 4: 10 MHz DFT-s-OFDM 64QAM
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Figure 5: 15 MHz CP-OFDM 64QAM
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Figure 6: 15 MHz DFT-s-OFDM 64QAM
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Figure 7: 20 MHz CP-OFDM 64QAM
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Figure 8: 20 MHz DFT-s-OFDM 64QAM
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p.5.3.3.3 Requirement for network signalling value "NS_18"

When "NS_18" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in
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