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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

A WF on HPUE for FDD bands in [1] was agreed in RAN4#110. A-MPR values proposed for NS_46 for n7. In Table 1 and 2 below minor updates are suggested to proposals from [2] as highlighted in red in an attempt to merge individual company contributions.

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
	< 2.16
	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
	> 10.8
	A6

	
	
	≥ 15.3
	> 8.64
	A9

	
	
	≥ 14.4
	≤ 8.64
	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

	
	
	≥ 4.14, < 5.04
	>max (0, 12*SCS*RBend - 4.5)
	A11

	
	
	≥ 5.04, <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
	A11

	 
	Outer/Inner
	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
	7
	10
	6.5
	3.0
	5.0

	 
	QPSK
	6.5
	2.5
	3.5
	7
	10
	6.5
	3.0
	5.0

	 
	16 QAM
	6.5
	2.5
	3.5
	7
	10
	6.5
	3.5
	5.0

	 
	64 QAM
	6.5
	2.5
	3.5
	7
	10
	6.5
	3.5
	5.0

	 
	256 QAM
	6.5
	 
	 
	7
	10
	6.5
	
	5.0

	CP-OFDM
	QPSK
	6.5
	3.5
	5.5
	8
	11
	8
	4.5
	6.5

	 
	16 QAM
	6.5
	3.5
	5.5
	8
	11
	8
	4.5
	6.5

	 
	64 QAM
	6.5
	3.5
	5.5
	8
	11
	8
	4.5
	6.5

	 
	256 QAM
	 6.5 
	 
	 
	8
	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

The relevant co-existence requirements for n28 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. 

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 3: Specify 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
	
	 



In previous meeting there were proposals to consider updating also PC3 and LTE requirements and possibly use modified-MPR to indicate the requirement changes. This is not a good way forward as commercial implementations using single duplexer are already there for PC3 operation. Therefore A-MPR is not required for single duplexer to meet NS_17, NS_18 and coexistence requirements.  Furthermore, adding A-MPR for PC3 would be detrimental for system performance given that current networks are designed without considering such additional A-MPR. There is no such issue in introducing PC2 based on single duplexer, as A-MPR needed for NS_17 is maximum 3 dB higher than general MPR, i.e. output power stays the same as of higher than PC3.

Proposal 4: There is no need to update PC3 or LTE requirement due to introduction of PC2 operation with specification based on single duplexer.


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
	< 2.16
	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
	> 10.8
	A6

	
	
	≥ 15.3
	> 8.64
	A9

	
	
	≥ 14.4
	≤ 8.64
	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

	
	
	≥ 4.14, <5.04
	>max (0, 12*SCS*RBend - 4.5)
	A11

	
	
	≥5.04, <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
	A11

	 
	Outer/Inner
	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
	7
	10
	6.5
	3.0
	5.0

	 
	QPSK
	6.5
	2.5
	3.5
	7
	10
	6.5
	3.0
	5.0

	 
	16 QAM
	6.5
	2.5
	3.5
	7
	10
	6.5
	3.5
	5.0

	 
	64 QAM
	6.5
	2.5
	3.5
	7
	10
	6.5
	3.5
	5.0

	 
	256 QAM
	6.5
	 
	 
	7
	10
	6.5
	
	5.0

	CP-OFDM
	QPSK
	6.5
	3.5
	5.5
	8
	11
	8
	4.5
	6.5

	 
	16 QAM
	6.5
	3.5
	5.5
	8
	11
	8
	4.5
	6.5

	 
	64 QAM
	6.5
	3.5
	5.5
	8
	11
	8
	4.5
	6.5

	 
	256 QAM
	 6.5 
	 
	 
	8
	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: Specify 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
	
	 



Proposal 4: There is no need to update PC3 or LTE requirement due to introduction of PC2 operation with specification based on single duplexer.
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