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1	Introduction
RAN#82 has adopted a Work Item to introduce wider bandwidths to n7 [1]. Currently the maximum channel bandwidth is 20 MHz which is the same as in LTE.
This document presents UE TX simulation and measurement results for the wider channel bandwidths on n7 and proposes an A-MPR specification for release 16. 
2	Discussion
2.1	Band 38 protection 
The current NR specification for n7 allows up to 20 MHz channel bandwidth and has the same requirements for out-of-band emissions and band 38 protection as the corresponding LTE band [2]:
Table 1: Requirements for spurious emissions for UE co-existence (from 38.101-1)
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n7

	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 17, 20, 22, 26, 27, 28, 29, 30, 31, 32, 33, 34, 40, 42, 43, 50, 51, 65, 66, 67, 68, 72, 74, 75, 76,
NR Band n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2570 
	-
	2575
	+1.6
	5
	15, 21, 26

	
	Frequency range
	2575
	-
	2595
	-15.5
	5
	15, 21, 26

	
	Frequency range
	2595
	-
	2620
	-40
	1
	15, 21

	NOTE 15:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 and Table 6.5A.3.1-1 from the edge of the channel bandwidth.
NOTE 21:	This requirement is applicable for any channel bandwidths within the range 2500 - 2570 MHz with the following restriction: 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.
NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.



As can be seen from the UE-to-UE coexistence table, the emission limit for band 38 protection is achieved by UL resource allocation restrictions. Up to 54 RB may be allocated while still meeting the emission limit.
2.2	Simulation Assumptions 
· 20MHz 100RB DFT-s-OFDM waveform as MPR = 1dB
· Power class 3
· LO leakage/ RSB = -28dBc
· CIM3 = -60dBc
2.3	Simulations 
The following figures present A-MPR simulation results for 15, 20, 25, 30, 40, and 50 MHz channel bandwidths at the upper edge of n7 using the same format in [3]. The emission limit is according to the UE-to-UE coexistence table reprinted in section 2.1. 
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Figure 1: A-MPR for 15 and 20 MHz ChBW (left: DFT-s-OFDM, right: CP-OFDM)
It can be seen from Figure 1, as in LTE or DFT-s-OFDM, 54 RB is where the general requirements start to fail. Because of the higher baseline MPR, CP-OFDM could achieve larger allocation without A-MPR (up to 89 RB) as also discussed in [3]. For 15M channel BW, we observe no AMPR for CP-OFDM. We do observe some 5th order distortion effect for 20M and 25M channel bandwidths for LCRB < 6 at 15KHz SCS.
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Figure 3: A-MPR for 30 MHz ChBW (left: DFT-s-OFDM, right: CP-OFDM)
For 30 MHz, in addition to the spectral regrowth, IMD3 and CIM3 becomes an issue, as the unwanted emissions hit the -40 dBm/MHz mask segment. Simple RB restriction solution cannot be used. Large A-MPR is required for narrow allocations at the edges as shown in the figures. We can follow the format in TS36.101 for CA_NS_06 to partition the regions for AMPR.
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Figure 4: A-MPR for 40 MHz ChBW (left: DFT-s-OFDM, right: CP-OFDM)
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Figure 5: A-MPR for 50 MHz ChBW (left: DFT-s-OFDM, right: CP-OFDM)
For 40 and 50 MHz channel bandwidths, the same trend continues. If RAN4 defines specification for 30 MHz and larger bandwidths for n7, a new NS value would be required, accompanied with A-MPR. 
2.2	Discussion
For 15M, 20M, and 25M channel bandwidths, due to lower NR guard band, the carrier frequency region of no AMPR needs to be modified from that of 4G LTE, at least for 15M and 20M bandwidths. For these bandwidths, there is no IM3 contribution to AMPR. The frequency region for AMPR is given by the determination of IM5 ACLR landing in the -40dBm/MHz region. This determines AMPR A1 and A2 with the specified region described in Note 1. For other carrier frequencies not listed in the table, no AMPR is required. So, in LTE the cutoff frequency for 15MHz and 20MHz was 2560.5MHz and 2552MHz, and now this has changed to 2588.5MHz and 2547MHz. the 25MHz CBW cutoff is 2534.5MHz.
Channel bandwidths, 30MHz, 40MHz, and 50MHz, follow the same back-off regions as CA_NS_06 in TS36.101, with a new region described for 50MHz channel bandwidth. A cutoff frequency for no AMPR of 2522MHz is added for 30MHz, with no cutoff frequency for 40MHz or 50MHz, due to 5th order products. There is a counter IM3, CIM3, region defined with AMPR=A4. A8 is the large AMPR region where IM folding products and IM3 ACLR falls in the -40dBm/M region. This is followed by subdividing regions for successively reduced AMPR’s A7, A6 and A5. The RB thresholds for the A8 high IM3 region is derived by the condition that no IM3 falls in the -40dBm/MHz region, so naturally, due to changes in guard band and SCS from LTE, will result in different thresholds than CA_NS_06. Supporting measurements are shown in section 5.
Table 2: A-MPR for NS_XX 
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

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

	15 MHz
	2558.5 ≤ FC ≤ 2562.5
	
	Note 1
	A1

	20 MHz
	2547 ≤ FC ≤ 2560
	
	Note 1
	A2

	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

	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: >9.72MHz for DFT-s-OFDM, >16.02MHz for CP-OFDM. CP-OFDM threshold only applies for 20 and 25MHz bandwidths.




Table 3: A-MPR for modulation and waveform type
	Modulation/Waveform
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	A8

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

	DFT-s-OFDM 
	PI/2 BPSK
	[3.5]
	[4]
	[4.5]
	[5]
	[2]
	[3.5]
	[6]
	[10]

	
	QPSK
	[3.5]
	[4]
	[4.5]
	[5]
	[2]
	[3.5]
	[6]
	[10]

	
	16 QAM
	[3.5]
	[4]
	[4.5]
	[5]
	[2]
	[3.5]
	[6]
	[10]

	
	64 QAM
	[3.5]
	[4]
	[4.5]
	[5]
	
	[3.5]
	[6]
	[10]

	
	256 QAM
	
	
	
	
	
	
	[6]
	[10]

	CP-OFDM 
	QPSK
	[3.5]
	[5.5]
	[6]
	[5]
	[3.5]
	[5.5]
	[7]
	[11]

	
	16 QAM
	[3.5]
	[5.5]
	[6]
	[5]
	[3.5]
	[5.5]
	[7]
	[11]

	
	64 QAM
	[3.5]
	[5.5]
	[6]
	[5]
	[3.5]
	[5.5]
	[7]
	[11]

	
	256 QAM
	
	
	[6]
	
	
	
	[7]
	[11]

	NOTE 1:   The back-off applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1
NOTE 2:	Outer and inner allocations are defined in clause 6.2.2


 

3	Conclusion
This document presents simulation results for wider channel bandwidths for n7. The A-MPR to meet band 38 protection criteria are shown, and it can be concluded that simple RB restriction scheme will not be sufficient for 30 MHz and larger channels. NS value and A-MPR would need to be defined to facilitate these bandwidths.
Proposal: Specify AMPR shown in Table 2 and Table 3.
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Measurements
Table 2: A-MPR for NS_XX
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR
	Measured QPSK, 15K SCS, ET,
DFTs/CP

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

	15 MHz
	2558.5 ≤ FC ≤ 2562.5
	
	Note 1
	A1
	3.5dB/3.5dB

	20 MHz
	2547 ≤ FC ≤ 2560
	
	Note 1
	A2
	4dB/5.5dB

	25 MHz
	2534.5 ≤ FC < 2557.5
	
	Note 1
	A3
	4.5dB/6dB

	30 MHz
	2515 ≤ FC ≤ 2555
	≥0, <1.44
	>0
	A4
	5dB

	
	
	≥1.44, <13.5
	>max (0, 12*SCS*RBend -1.8)
	A5
	1.5dB/3.5dB

	
	
	≥13.5, <19.8
	>11.52
	A6
	3.5dB/5.5dB

	
	
	≥19.8, <25.92
	>6.3
	A7
	6dB/7dB

	
	
	≥25.92
	>0
	A8
	9dB/10dB

	40 MHz
	2520 ≤ FC ≤ 2550
	≥0, <4.14
	>0
	A4
	5dB

	
	
	≥4.14, <18
	>max (0, 12*SCS*RBend - 4.5)
	A5
	1.5dB/3.5dB

	
	
	≥18, <25.74
	>13.5
	A6
	3.5dB/5.5dB

	
	
	≥25.74, <32.4
	>12.6
	A7
	6.5dB/7dB

	
	
	≥32.4
	>0
	A8
	9dB/10dB

	50 MHz
	2525 ≤ FC ≤ 2545
	≥0, <9
	>0
	A4
	5dB

	
	
	≥9, <21.6
	>max (0, 12*SCS*RBend - 7.2)
	A5
	1.5dB/3.5dB

	
	
	≥21.6, <31.5
	>18
	A6
	3.5dB/5.5dB

	
	
	≥31.5, <39.6
	>16.2
	A7
	6dB/7dB

	
	
	≥39.6
	>0
	A8
	9dB/10dB

	Note 1: >9.72MHz for DFT-s-OFDM, >16.02MHz for CP-OFDM. CP-OFDM threshold only applies for 20 and 25MHz bandwidths.
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