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Introduction 
Power class 1.5 has been requested for operating band n39. n39 has additional emission requirements under NS_50 which require A-MPR. In this contribution NS_50 requirement and required A-MPR is discussed.


Discussion

PC1.5 is always using two PA solution to satisfy the power class output power requirement. As current simulation methods do not accurately capture the effects of PAs coupling to each other via antennas, measurement are needed to quantify the A-MPR. Additional emission requirements for NS_50 are shown in Table 1.  
Table 1: Additional requirements for "NS_50"
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	Frequency range
	1805
	-
	1855
	-40
	1
	1

	Frequency range
	1855
	-
	1880
	-15.5
	5
	1, 2, 3

	NOTE 1:	This requirement is applicable for carriers with aggregated channel bandwidths confined in 1885-1920 MHz for ≤ 30MHz channel BWs and confined in 1880-1920 MHz for 40MHz channel BW. 
NOTE 2:	The requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.
NOTE 3:	For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.



To assess the need for A-MPR with NS_50 requirements in n39 we have launched a measurement campaign. For reference, PC2 A-MPR requirements have been re-produced below:
Table 6.2.3.19-3: A-MPR regions for NS_50 (Power Class 2)
	Channel Bandwidth (MHz)
	RBstart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	10 MHz
	≤ 1.44
	< 1.44
	A5

	
	≤ 1.8
	≥ 2.7+2* RBstart*12*SCS
	A4

	
	>1.8
	≥ 8.1- RBstart*12*SCS
	A4

	15 MHz
	≤ 2.88
	< 2.7
	A5

	
	≤ 3.24
	≥ 2.7+2* RBstart*12*SCS
	A3

	
	>3.24
	≥ 12.42- RBstart*12*SCS
	A4

	20 MHz
	≤ 4.32
	< 3.6
	A5

	
	≤ 4.5
	≥ 3.6+2* RBstart*12*SCS
	A3

	
	>4.5
	≥ 17.1- RBstart*12*SCS
	A4

	25 MHz
	≤ LCRB*12*SCS – 5
	> 5
	A2

	
	≤ 6.48
	≤ 1.44
	A5

	
	> 8.28
	> max (21.6 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
	A4

	
	>1.8, ≤6.48
	> 1.44, ≤ 3.6 
	A6

	
	> LCRB *12*SCS – 5, ≤ 1.8
	> 1.44
	A4

	30 MHz

	≤ LCRB*12*SCS – 5
	>5
	A2

	
	≤ 7.56
	≤ 1.44
	A5

	
	 >1.8, ≤7.56 
	> 1.44, ≤ 3.6
	A6

	
	 ≤ 1.8
	>1.44, <RBstart*12*SCS+5
	A4

	
	> 10.8
	> max (26.64 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
	A4

	40 MHz



	≤ 4.32
	> 0
	A1

	
	> 4.32
	> RBstart*12*SCS + 11.88
	A8

	
	> 4.32, ≤ 12.96
	≤ 10.8
	A3

	
	> 4.32, ≤ 18
	> 10.8, <= RBstart*12*SCS + 11.88
	A7

	
	> 18, ≤ 31.68
	> max (31.68 – RBstart*12*SCS, 0)
	A4

	
	> 31.68
	> 0
	A9

	NOTE 1:	The A-MPR values are specified in Table 6.2.3.19-4.



Table 6.2.3.19-4: A-MPR for NS_50 (Power Class 2)
	Modulation/Waveform
	A1 (dB)
	A2 (dB)
	A3 (dB)
	A4 (dB)
	A5 (dB)
	A6 (dB)
	A7 (dB)
	A8 (dB)
	A9 (dB)

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

	DFT-s-OFDM



	Pi/2 BPSK
	≤ 11.5
	≤4.5
	≤ 4
	≤ 2.5
	≤ 4
	≤ 1
	≤ 3.5
	≤ 10
	≤ 8

	
	QPSK
	≤ 11.5
	≤ 5.5
	≤ 4
	≤ 2.5
	≤ 4
	≤ 1
	≤ 3.5
	≤ 10
	≤ 8

	
	16 QAM
	≤ 11.5
	≤ 5.5
	≤ 4
	≤ 2.5
	≤ 4
	≤ 1.5
	≤ 3.5
	≤ 10
	≤ 8

	
	64 QAM
	≤ 11.5
	≤ 5.5
	≤ 4
	
	≤ 4
	
	
	≤ 10
	≤ 8

	
	256 QAM
	≤ 11.5
	≤ 5.5
	
	
	
	
	
	≤ 10
	≤ 8

	CP-OFDM


	QPSK
	≤ 12.5
	≤ 7
	≤ 5.5
	≤ 4
	≤ 4
	≤ 2
	≤ 5
	≤ 11
	≤ 8

	
	16 QAM
	≤ 12.5
	≤ 7
	≤ 5.5
	≤ 4
	≤ 4
	
	≤ 5
	≤ 11
	≤ 8

	
	64 QAM
	≤ 12.5
	≤ 7
	≤ 5.5
	≤ 4
	≤ 4
	
	≤ 5
	≤ 11
	≤ 8

	
	256 QAM
	≤ 12.5
	≤ 7
	
	
	
	
	
	≤ 11
	≤ 8



From the existing requirements it can be observed that there is no A-MPR specified for 5 MHz channel bandwidth.
Observation 1: No A-MPR is defined for PC2 with 5 MHz channel bandwidth.
In defining A-MPR also the general MPR should be considered, A-MPR is needed only of general MPR is not sufficient. General MPR for PC1.5 is copied below.
Table 6.2D.2-2 Maximum power reduction (MPR) for power class 1.5 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ [2]
	≤ 0.5

	
	QPSK
	≤ 6.5
	≤ [2.5]
	≤ 0.5

	
	16 QAM
	≤ 6.5
	≤ [3.5]
	≤ 1.5

	
	64 QAM
	≤ 6.5
	≤ [4]
	≤ 3.5

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ [6.5]

	CP-OFDM
	QPSK
	≤ 6.5
	≤ [4.5]
	≤ 2

	
	16 QAM
	≤ 6.5
	≤ [4.5]
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ [5]
	≤ 4.5

	
	256 QAM
	≤ 8.5
	≤ 8.5
	≤ [8.5]



It can be seen that edge RB allocations always get at least 6 dB (DFT-s-OFDM) or 6.5 dB (CP-OFDM) of MPR and outer allocations get at least 2 dB (DFT-s-OFDM) or 4.5 dB (CP-OFDM) of MPR. Given the increase MPR compared to PC2, no A-MPR is needed for 5 MHz ChBW.
Proposal 1: No A-MPR is required for 5 MHz ChBW for PC1.5.
For other channel bandwidth, we so far concentrated on measuring narrowband allocations to confirm check worst case A-MPR with narrow allocation at channel edge. Secondly, we have measured wideband allocations and can confirm that the backoff values reported in [1] are sufficient.
However, measurement coverage is still lacking for other than narrow edge allocations and full channel allocations. Especially, further measurements are still needed to confirm whether A-MPR region boundaries for PC2 can be re-used for PC1.5.
Observation 2: Further measurements for other than narrow edge allocation and wideband allocations are still needed in addition to A-MPR values also to confirm whether A-MPR region boundaries defined for PC2 can be applied for PC1.5.
Finally, we would like to draw attention also to the on-going work of adding 35 MHz channel bandwidth to n39. 35 MHz channel bandwidth and extension to PC1.5 cannot be done in the same meeting unless PC1.5 also includes the A-MPR for 35 MHz channel bandwidth. 
Observation 3: PC1.5 A-MPR should be studied also for 35 MHz channel bandwidth to avoid situation where both 35 MHz channel bandwidth and PC1.5 are introduced to the operating band but PC1.5 A-MPR does not cover 35 MHz ChBW.

Conclusions
In this contribution A-MPR for n39 with PC1.5 and NS_50 additional requirements were discussed. Following observations and proposals were made.
Observation 1: No A-MPR is defined for PC2 with 5 MHz channel bandwidth.
Proposal 1: No A-MPR is required for 5 MHz ChBW for PC1.5.
Observation 2: Further measurements for other than narrow edge allocation and wideband allocations are still needed in addition to A-MPR values also to confirm whether A-MPR region boundaries defined for PC2 can be applied for PC1.5.
Observation 3: PC1.5 A-MPR should be studied also for 35 MHz channel bandwidth to avoid situation where both 35 MHz channel bandwidth and PC1.5 are introduced to the operating band but PC1.5 A-MPR does not cover 35 MHz ChBW.
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