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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.

In previous meetings some items were identified needing further review and captured in WF [2] and reproduced below.

	Channel Bandwidth
	Potential Actions

	10MHz
	· Further check if A-MPR is needed.

	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.
· Further check whether to 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, which is applicable for both SC-FDMA and CP-OFDM and all modulation orders.

	25MHz
	· Further check the A-MPR;
· 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.

	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.

	10 to 25MHz plus 50MHz
	· Modify the A-MPR regions as proposed in R4-2320669.



We have reviewed these items and suggest the following actions, which are implemented in Table 1 and Table 2.

For 10 and 15 MHz CBW:
· A-MPR regions are updated as proposed in R4-2320669
· To avoid more than 3 dB difference to PC3, use A5 A-MPR for narrow allocations including both inner and outer allocations, and A6 A-MPR for wide allocations which all are outer allocations.

For 20 MHz
· Preference is still to not leave lower power limit completely unspecified, this is reflected in proposal 2
· A-MPR region update is different from R4-2320669. A10 region is kept as is while A9 only covers wide allocations. In RB length dimension the region boundary is set at 54 RB aligned with the PC3 boundary for allowed allocations.

For 25 MHz
· For PC3 A-MPR was allowed only for wide allocations, with boundary being different for DFT-s-OFDM and CP-OFDM. Care is needed to avoid more than 3 dB higher A-MPR for PC2 compared to PC3 and following changes should fulfil that target.
· A7 A-MPR changed to A6, region updated to leave out some of the narrower allocations, which avoids including any inner allocations.
· A new region between A9 and A10 regions also applying A6 A-MPR

For 40 MHz
· Instead of defining a new region, the RBend boundary between A4 and A5 could be moved from 4.14 to 4.5 MHz also for PC3. This appears to be an oversight on PC3 side, as IMD from narrow allocations is still possible to hit the protected frequencies when RBend is between 4.14 to 4.5 MHz.

For 50 MHz
· In very final A-MPR definition row LCRB set to <= 16.2

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
	2550 ≤ FC ≤ 2565

	≥ 7.92
	≥ 5.4
	A6

	
	
	≥ 7.92
	< 5.4
	A5

	15 MHz
	2545 ≤ FC ≤ 2562.5
	≥ 11.16
	≥ 5.4
	A6

	
	
	≥ 11.16
	< 5.4
	A5

	20 MHz
	2540 ≤ FC ≤ 2560
	≥12.6, < 15.3
	> 9.72
	A7

	
	
	≥ 15.3
	> 9.72
	A9

	
	
	≥ 14.4
	≤ 9.72
	A10

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

	
	
	≥ 14.4, <18.9
	> 12.6
	A6

	
	
	≥ 18.9
	> 16.02
	A9

	
	
	≥ 18.9
	≤ 16.02, ≥ 9.72
	A6

	
	
	≥ 17.64
	< 9.72
	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
	≤ 16.2
	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
	3.0

	 
	QPSK
	6.5
	2.5
	3.5
	6
	10
	6.5
	3.0

	 
	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.

DraftCR implementation these changes is provided in [3].


1.2 A-MPR for n28 PC2

As agreed in RAN4#109, analysis for n28 has continued. Unfortunately some measurements have been delayed and we are not able to provide final results. However, all intermediate results indicate that PC2 with full band duplexer is feasible. It should be noted that PC3 implementations are commercially available using a full band duplexer already, despite 3GPP work being based on single duplexer. 

To summarize the work being done, all co-existence requirement near the Tx frequencies are being confirmed to be met with both ET and APT operating modes. The relevant co-existence requirements are shown below.

Table 3: Relevant n28 coex requirements

	Frequency range
	470
	-
	694
	-42
	8
	15, 35

	Frequency range
	470
	-
	710
	-26.2
	6
	34

	Frequency range
	662
	-
	694
	-26.2
	6
	15

	Frequency range
	758
	-
	773
	-32
	1
	15

	Frequency range
	773
	-
	803
	-50
	1
	




For the requirements overlapping Rx frequencies, single duplexer will provide high rejection and they are not problematic, rather the -32 dBm/MHz is instead a relaxation from -50 dBm/MHz aimed for split-duplexer. The requirements with -26.2 limit are not found to be problematic in measurements. Below 694 MHz there is good filter rejection in place and based on NS17 studies no A-MPR is proposed to the RB allocations for which this requirement is valid.

The conclusion therefore has been that -42 dBm / 8 MHz specified below 694 MHz is the most challenging requirement to meet. For PC2 operation there are two options to handle that requirement

Option 1: With sufficiently good filter rejection the requirement can be met without specification changes
Option 2: Specify a new NS which allows A-MPR for this requirement

When these requirements can be met for PC2 operation, we do not see any issue in meeting them at PC3 power level as same filter rejection is in place but emissions are reduced. 

At the current stage our measurements indicate both options are feasible, but all measurements have not yet completed. Therefore, our preference would be to extend the study to enable to complete all evaluations.

Proposal 3: While all intermediate results indicate n28 PC2 via full duplexer being feasible, it is proposed to continue the study further to complete all measurements before agreeing NS_17 A-MPR being the only required specification impact.

For NS_17 A-MPR, we observed the proposals agreed for starting point included two cases where A-MPR has 3.5 dB difference to PC3 power level. These are corrected below to cap the difference to 3 dB.

Proposal 4: Update the NS_17 A-MPR for PC2 as shown in Table 4 and Table 5
Table 4: NS_17 PC2 A-MPR
 
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBstart*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	723 ≤ Fc ≤ 728
	≤ 0.18
	≤ 1.44
	A1

	
	
	≥ 0
	> 5.4
	A2



Table 5: A-MPR for NS_17 for PC2
	Modulation/Waveform
	A1
	A2

	 
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	≤ [3]
	≤ [3.5]

	
	QPSK
	≤ [3]
	≤ [4]

	
	16 QAM
	≤ [3.5]
	≤ [4]

	
	64 QAM
	≤ [4]
	≤ [4.5]

	
	256 QAM
	 
	≤ [5.5]

	CP-OFDM
 
 
 
	QPSK
	≤ [4.5]
	≤ [5.5]

	
	16 QAM
	≤ [5]
	≤ [5.5]

	
	64 QAM
	≤ [5]
	≤ [5.5]

	
	256 QAM
	
	 





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
	2550 ≤ FC ≤ 2565

	≥ 7.92
	≥ 5.4
	A6

	
	
	≥ 7.92
	< 5.4
	A5

	15 MHz
	2545 ≤ FC ≤ 2562.5
	≥ 11.16
	≥ 5.4
	A6

	
	
	≥ 11.16
	< 5.4
	A5

	20 MHz
	2540 ≤ FC ≤ 2560
	≥12.6, < 15.3
	> 9.72
	A7

	
	
	≥ 15.3
	> 9.72
	A9

	
	
	≥ 14.4
	≤ 9.72
	A10

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

	
	
	≥ 14.4, <18.9
	> 12.6
	A6

	
	
	≥ 18.9
	> 16.02
	A9

	
	
	≥ 18.9
	≤ 16.02, ≥ 9.72
	A6

	
	
	≥ 17.64
	< 9.72
	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
	≤ 16.2
	A10

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




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
	3.0

	 
	QPSK
	6.5
	2.5
	3.5
	6
	10
	6.5
	3.0

	 
	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: While all intermediate results indicate n28 PC2 via full duplexer being feasible, it is proposed to continue the study further to complete all measurements before agreeing NS_17 A-MPR being the only required specification impact.

Proposal 4: Update the NS_17 A-MPR for PC2 as shown in Table 4 and Table 5

Table 4: NS_17 PC2 A-MPR
 
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBstart*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	723 ≤ Fc ≤ 728
	≤ 0.18
	≤ 1.44
	A1

	
	
	≥ 0
	> 5.4
	A2



Table 5: A-MPR for NS_17 for PC2
	Modulation/Waveform
	A1
	A2

	 
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	≤ [3]
	≤ [3.5]

	
	QPSK
	≤ [3]
	≤ [4]

	
	16 QAM
	≤ [3.5]
	≤ [4]

	
	64 QAM
	≤ [4]
	≤ [4.5]

	
	256 QAM
	 
	≤ [5.5]

	CP-OFDM
 
 
 
	QPSK
	≤ [4.5]
	≤ [5.5]

	
	16 QAM
	≤ [5]
	≤ [5.5]

	
	64 QAM
	≤ [5]
	≤ [5.5]

	
	256 QAM
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