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Introduction
Previously at RAN4#97e and RAN4#98e meetings, measurements for 5 MHz and 10 MHz channel bandwidths of n24 and filter characteristics were submitted [1], [2]. However, since n255 supports channel bandwidths of 15 and 20 MHz and the lowest edge starts at 1626.5 MHz instead of 1627.5 MHz for n24, in the RAN4#102e meeting a way forward [3] was agreed to conclude if A-MPR was required to be specified for n255 to meet the additional spurious emissions requirement associated with NS_57.  
This contribution presents channel measurements at the PA output of an LTE device supporting transmit operation between 1626.5 – 1660.5 MHz. The results show that out of band PA emissions coupled with a modest duplexer attenuation in the 1559 – 1610 range will be sufficient to meet the additional spurious emissions requirements and no A-MPR needs to be specified for n255.
Additional Spurious Emissions related to NS_57
The following was agreed to in RAN4#102e and incorporated in TS 38.101-5 v0.1.0 [5].
Table 6.5.3.3.1-1: Additional requirements for "NS_57"
	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit1 (dBW)
	Measurement bandwidth 
	NOTE

	
	5 MHz, 10 MHz, 15 MHz, 20 MHz
	
	

	1559≤ f ≤ 1605
	-80
	700 Hz
	Averaged over any 2 millisecond active transmission interval

	1605≤ f ≤ 1610
	-80 + 24/5 (f-1605)
	700Hz
	

	1559 ≤ f ≤ 1605
	-70
	1MHz
	Averaged over any 2 millisecond active transmission interval

	1605≤ f ≤ 1610
	-70 + 24/5 (f-1605)
	1MHz
	

	NOTE 1:		The EIRP requirement in regulation is converted to conducted requirement using a 0 dBi antenna.


Measurement Results
The measurements below are from a test board comprising of LTE modem and transceiver supporting the 1626.5 – 1660.5 MHz (n24/n255) frequency range. The in-channel Tx power setting for the PA was 27 dBm to accommodate a 4 dB margin between the PA out and the antenna input.
The measurements were done at the output of the PA and does not include any duplexer attenuation.
The PA emissions where the spurious emission limits were exceeded are highlighted in red in tables below.

Table 1: Measurements for 5 MHz Channel Bandwidth, fc = 1629 MHz, DFT-s-OFDM
	
	Mark Freq
(MHz)
	Emissions Measurements (dBm)
	
	Spec.
(dBm)
	Margin against emission specs

	
	
	50RB0
	1RB0
	
	
	50RB0
	1RB0

	
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz

	
Center Frequency = 1634 MHz, Channel Bandwidth = 15 MHz, DFT-s-OFDM
	1559
	-78.4 
	-52.5 
	-79.7 
	-52.6 
	
	-50
	-40
	28.4
	12.5
	29.7
	12.6

	
	1564
	-78.7 
	-52.4 
	-79.1 
	-52.4 
	
	-50
	-40
	28.7
	12.4
	29.1
	12.4

	
	1569
	-76.7 
	-52.0 
	-77.4 
	-51.6 
	
	-50
	-40
	26.7
	12.0
	27.4
	11.6

	
	1574
	-77.5 
	-51.0 
	-77.4 
	-51.6 
	
	-50
	-40
	27.5
	11.0
	27.4
	11.6

	
	1579
	-81.6 
	-51.9 
	-78.0 
	-51.9 
	
	-50
	-40
	31.6
	11.9
	28.0
	11.9

	
	1584
	-78.3 
	-51.6 
	-79.1 
	-51.8 
	
	-50
	-40
	28.3
	11.6
	29.1
	11.8

	
	1589
	-77.0 
	-50.0 
	-78.3 
	-50.0 
	
	-50
	-40
	27.0
	10.0
	28.3
	10.0

	
	1594
	-77.8 
	-50.3 
	-76.1 
	-50.4 
	
	-50
	-40
	27.8
	10.3
	26.1
	10.4

	
	1599
	-76.5 
	-49.3 
	-77.6 
	-49.4 
	
	-50
	-40
	26.5
	9.3
	27.6
	9.4

	
	1604
	-74.4 
	-46.8 
	-72.3 
	-47.3 
	
	-50
	-40
	24.4
	6.8
	22.3
	7.3

	
	1605
	-76.1 
	-46.2 
	-75.1 
	-46.7 
	
	-50
	-40
	26.1
	6.2
	25.1
	6.7

	
	1606
	-69.6 
	-45.2 
	-72.5 
	-46.0 
	
	-45.2
	-35.2
	24.4
	10.0
	27.3
	10.8

	
	1607
	-73.0 
	-43.9 
	-73.7 
	-45.4 
	
	-40.4
	-30.4
	32.6
	13.5
	33.3
	15.0

	
	1608
	-71.3 
	-43.0 
	-71.9 
	-44.8 
	
	-35.6
	-25.6
	35.7
	17.4
	36.3
	19.2

	
	1609
	-68.2 
	-42.0 
	-69.7 
	-43.6 
	
	-30.8
	-20.8
	37.4
	21.2
	38.9
	22.8

	
	1610
	-69.2 
	-40.1 
	-72.1 
	-42.3 
	
	-26
	-16
	43.2
	24.1
	46.1
	26.3



Observation 1: For 5 MHz channel, PA emissions for DFT-s-OFDM are below the spurious emission limits between 1559 and 1606 MHz.

Table 2: Measurements for 10 MHz Channel Bandwidth, fc = 1631.5 MHz, DFT-s-OFDM
	
	Mark Freq
(MHz)
	Emissions Measurements (dBm)
	
	Spec.
(dBm)
	Margin against emission specs

	
	
	50RB0
	1RB0
	
	
	50RB0
	1RB0

	
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz

	
Center Frequency = 1634 MHz, Channel Bandwidth = 15 MHz, DFT-s-OFDM
	1559
	-77.2 
	-50.8 
	-80.7 
	-52.4 
	
	-50
	-40
	27.2
	10.8
	30.7
	12.4

	
	1564
	-79.4 
	-52.4 
	-80.8 
	-52.5 
	
	-50
	-40
	29.4
	12.4
	30.8
	12.5

	
	1569
	-78.0 
	-52.3 
	-78.2 
	-52.1 
	
	-50
	-40
	28.0
	12.3
	28.2
	12.1

	
	1574
	-76.5 
	-51.3 
	-77.8 
	-51.9 
	
	-50
	-40
	26.5
	11.3
	27.8
	11.9

	
	1579
	-78.8 
	-51.2 
	-81.2 
	-52.0 
	
	-50
	-40
	28.8
	11.2
	31.2
	12.0

	
	1584
	-75.3 
	-50.4 
	-78.6 
	-51.8 
	
	-50
	-40
	25.3
	10.4
	28.6
	11.8

	
	1589
	-74.0 
	-46.3 
	-79.4 
	-42.4 
	
	-50
	-40
	24.0
	6.3
	29.4
	2.4

	
	1594
	-71.3 
	-43.7 
	-77.8 
	-50.7 
	
	-50
	-40
	21.3
	3.7
	27.8
	10.7

	
	1599
	-66.8 
	-41.7 
	-78.0 
	-49.9 
	
	-50
	-40
	16.8
	1.7
	28.0
	9.9

	
	1604
	-60.0 
	-35.0 
	-74.6 
	-48.4 
	
	-50
	-40
	10.0
	-5.0
	24.6
	8.4

	
	1605
	-57.9 
	-34.5 
	-74.7 
	-47.8 
	
	-50
	-40
	7.9
	-5.5
	24.7
	7.8

	
	1606
	-61.3 
	-34.8 
	-73.4 
	-47.4 
	
	-45.2
	-35.2
	16.1
	-0.4
	28.2
	12.2

	
	1607
	-60.3 
	-35.0 
	-73.3 
	-47.1 
	
	-40.4
	-30.4
	19.9
	4.6
	32.9
	16.7

	
	1608
	-61.8 
	-34.8 
	-72.8 
	-45.3 
	
	-35.6
	-25.6
	26.2
	9.2
	37.2
	19.7

	
	1609
	-59.3 
	-33.0 
	-66.2 
	-28.4 
	
	-30.8
	-20.8
	28.5
	12.2
	35.4
	7.6

	
	1610
	-59.5 
	-30.9 
	-69.1 
	-29.5 
	
	-26
	-16
	33.5
	14.9
	43.1
	13.5



Observation 2: For 10 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits for 1 MHz MBW by 5 dB between 1604 and 1606 MHz.

Table 3: Measurements for 15 MHz Channel Bandwidth, fc = 1634 MHz, DFT-s-OFDM
	
	Mark Freq
(MHz)
	Emissions Measurements (dBm)
	
	Spec.
(dBm)
	Margin against emission specs

	
	
	50RB0
	1RB0
	
	
	50RB0
	1RB0

	
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz

	
Center Frequency = 1634 MHz, Channel Bandwidth = 15 MHz, DFT-s-OFDM
	1559
	-81.3
	-52.4
	-78.8
	-53.2
	
	-50
	-40
	31.3
	12.4
	28.8
	13.2

	
	1564
	-81.6
	-52.3
	-82.0
	-53.1
	
	-50
	-40
	31.6
	12.3
	32.0
	13.1

	
	1569
	-79.3
	-51.7
	-80.3
	-53.0
	
	-50
	-40
	29.3
	11.7
	30.3
	13.0

	
	1574
	-77.3
	-50.3
	-79.8
	-52.3
	
	-50
	-40
	27.3
	10.3
	29.8
	12.3

	
	1579
	-66.0
	-50.0
	-78.1
	-52.7
	
	-50
	-40
	16.0
	10.0
	28.1
	12.7

	
	1584
	-74.7
	-47.1
	-80.7
	-52.5
	
	-50
	-40
	24.7
	7.1
	30.7
	12.5

	
	1589
	-71.2
	-45.1
	-61.7
	-42.3
	
	-50
	-40
	21.2
	5.1
	11.7
	2.3

	
	1594
	-69.3
	-42.9
	-77.8
	-51.4
	
	-50
	-40
	19.3
	2.9
	27.8
	11.4

	
	1599
	-63.0
	-36.4
	-77.1
	-50.8
	
	-50
	-40
	13.0
	-3.6
	27.1
	10.8

	
	1604
	-60.4
	-31.6
	-76.9
	-49.7
	
	-50
	-40
	10.4
	-8.4
	26.9
	9.7

	
	1605
	-59.2
	-31.2
	-75.1
	-49.4
	
	-50
	-40
	9.2
	-8.8
	25.1
	9.4

	
	1606
	-57.8
	-31.3
	-75.0
	-49.0
	
	-45.2
	-35.2
	12.6
	-3.9
	29.8
	13.8

	
	1607
	-57.4
	-30.6
	-76.2
	-47.8
	
	-40.4
	-30.4
	17.0
	0.2
	35.8
	17.4

	
	1608
	-58.3
	-31.4
	-75.1
	-47.8
	
	-35.6
	-25.6
	22.7
	5.8
	39.5
	22.2

	
	1609
	-57.4
	-31.7
	-75.8
	-47.6
	
	-30.8
	-20.8
	26.6
	10.9
	45.0
	26.8

	
	1610
	-60.5
	-31.5
	-71.4
	-47.1
	
	-26
	-16
	34.5
	15.5
	45.4
	31.1



Observation 3: For 15 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits for 1 MHz MBW by 9 dB between 1599 and 1606 MHz.

Table 4: Measurements for 20 MHz Channel Bandwidth, fc = 1636.5 MHz, DFT-s-OFDM
	
	Mark Freq
(MHz)
	Emissions Measurements (dBm)
	
	Spec.
(dBm)
	Margin against emission specs

	
	
	50RB0
	1RB0
	
	
	50RB0
	1RB0

	
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz
	RBW
700Hz
	RBW
1MHz

	
Center Frequency = 1636.5 MHz, Channel Bandwidth = 20 MHz, DFT-s-OFDM
	1559
	-76
	-49.3
	-80.5
	-52.6
	
	-50
	-40
	26
	9.3
	30.5
	12.6

	
	1564
	-74.4
	-47.2
	-78.1
	-52.5
	
	-50
	-40
	24.4
	7.2
	28.1
	12.5

	
	1569
	-71.1
	-45.5
	-79.2
	-52.4
	
	-50
	-40
	21.1
	5.5
	29.2
	12.4

	
	1574
	-72.2
	-44.2
	-78.8
	-51.8
	
	-50
	-40
	22.2
	4.2
	28.8
	11.8

	
	1579
	-68
	-41
	-78.1
	-52.1
	
	-50
	-40
	18
	1
	28.1
	12.1

	
	1584
	-68.8
	-38.7
	-77.5
	-51.8
	
	-50
	-40
	18.8
	-1.3
	27.5
	11.8

	
	1589
	-65.1
	-37.6
	-75.9
	-41.9
	
	-50
	-40
	15.1
	-2.4
	25.9
	1.9

	
	1594
	-65.7
	-34.3
	-79.3
	-50.6
	
	-50
	-40
	15.7
	-5.7
	29.3
	10.6

	
	1599
	-60.3
	-32.7
	-74
	-50.1
	
	-50
	-40
	10.3
	-7.3
	24
	10.1

	
	1604
	-60.3
	-31.5
	-74.3
	-48.6
	
	-50
	-40
	10.3
	-8.5
	24.3
	8.6

	
	1605
	-54.6
	-31.6
	-73.1
	-48.2
	
	-50
	-40
	4.6
	-8.4
	23.1
	8.2

	
	1606
	-61.5
	-31.9
	-75.1
	-47.9
	
	-45.2
	-35.2
	16.3
	-3.3
	29.9
	12.7

	
	1607
	-59.1
	-31.6
	-74
	-47.5
	
	-40.4
	-30.4
	18.7
	1.2
	33.6
	17.1

	
	1608
	-59.3
	-31.3
	-72
	-46.9
	
	-35.6
	-25.6
	23.7
	5.7
	36.4
	21.3

	
	1609
	-58.9
	-31.3
	-73.1
	-42.8
	
	-30.8
	-20.8
	28.1
	10.5
	42.3
	22

	
	1610
	-55.1
	-28.7
	-67.5
	-38.2
	
	-26
	-16
	29.1
	12.7
	41.5
	22.2



Observation 4: For 20 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits by 9 dB between 1584 and 1606 MHz.
For 700 Hz MBW, the PA emissions for all channel bandwidths were observed to be below the spurious emission limits between 1559 – 1610 MHz. 
Observation 5: For 700 Hz MBW, PA emissions for all channel bandwidths are below the spurious emission limits between 1559 and 1606 MHz.
The n24 filter minimum attenuation below 1610 MHz is expected to be 40 dB in [4]. A commercially available duplexer for n24 shows minimum attenuation between 1559 – 1610 of 43 to 45 dB.
Observation 6: The n24 duplexer minimum attenuation below 1610 MHz is expected to exceed 40 dB [1] and will be more than sufficient to satisfy the spurious emission limits specified in Table 6.5.3.3.1-1 of TS 38.101-5 [5].
Proposal: Based on measurement results presented in this contribution and anticipated filter attenuation values in the 1559 – 1610 frequency range [1], it can be concluded that no A-MPR is required for n255.
Conclusions and Proposals
Observation 1: For 5 MHz channel, PA emissions for DFT-s-OFDM are below the spurious emission limits between 1559 and 1606 MHz.
Observation 2: For 10 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits for 1 MHz MBW by 5 dB between 1604 and 1606 MHz.
Observation 3: For 15 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits for 1 MHz MBW by 9 dB between 1599 and 1606 MHz.
Observation 4: For 20 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits by 9 dB between 1584 and 1606 MHz.
Observation 5: For 700 Hz MBW, PA emissions for all channel bandwidths are below the spurious emission limits between 1559 and 1606 MHz.
Observation 6: The n24 duplexer minimum attenuation below 1610 MHz is expected to exceed 40 dB [1] and will be more than sufficient to satisfy the spurious emission limits specified in Table 6.5.3.3.1-1 of TS 38.101-5 [5].
Proposal: Based on measurement results presented in this contribution and anticipated filter attenuation values in the 1559 – 1610 frequency range [1], it can be concluded that no A-MPR is required for n255.
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