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Introduction
In RAN4#103e, additional spurious emissions requirements for the new LTE TDD Band in 1670 – 1675 MHz [1] were specified in [2]. It was agreed to further evaluate whether A-MPR is required to meet the additional emissions requirements or not. 
Additionally, it was also agreed to review the Band 24/n24 filter specifications to determine the maximum level for UE coexistence for Band 24/n24.  
This submission presents 
i) Filter simulations for the new band 
ii) Measurements to assess if A-MPR is required or not to meet additional spurious emission requirements for the new band
iii) Band 24/n24 filter rejection at 1670 – 1675 MHz and the UE coexistence relaxation for Band 24/n24
iv) Proposal for MOP, reference sensitivities, blocking specifications for the new band
Note: After the agreement on assignment of band number 105 to the new LTE TDD band in 1670 – 1675 MHz at RAN4#103-e, in an offline discussion it was suggested that since the new band is a TDD band it might be better to assign number #54 since it is available instead of #105. Therefore, the new band is being highlighted as 54 or 105 pending agreement within 3GPP on the number to use for this band.
New Band Filter Simulation Data
Table 1 lists the simulation results from multiple vendors for a filter to ensure that the additional emissions limits are met by the new LTE TDD band in 1670 – 1675 MHz. The numbers represent the worst case.
Table 1: Filter data for the 1670 – 1675 MHz band
	
	Freq Range (MHz)
	Vendor 1 
	Vendor 2 
	Vendor 3 
	Vendor 4 
	Average

	Max IL
	1670 - 1675
	3
	2.3
	2.0
	1.6
	2.2

	Min Rejection between 1541 to 1626 MHz
	1620 – 1626
	16
	41
	35
	>50
	>35.5

	
	1610 - 1620
	40
	40
	35
	>50
	>41

	
	1608 – 1610
	40
	38
	35
	>50
	>40.7

	
	1559 - 1608
	45
	38
	35
	>50
	>42

	
	1541 - 1559
	45
	37
	35
	>50
	>41.7



Observation 1: Filter simulations show the average maximum insertion loss to be 2.2 dB.
Observation 2: Filter simulations show the average minimum rejection between 1541 – 1620 MHz to be 40 dB or more.
Observation 3: Filter simulations show the average minimum rejection between 1620 – 1626 MHz to be 36 dB or more.
Measurement of Emissions in 1541 – 1626 MHz
The measurements in Tables 2 (5 MHz ChBW) and 3 (1.4 MHz ChBW) are from a test board comprising of LTE modem and transceiver supporting operations in the 1670 – 1675 MHz 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 PA bias setting was adjusted to ensure E-UTRA ACLR of  about 30 dBc.
The measurements were done at the output of the PA and does not include any duplexer attenuation. The measurements for the spurious emission limits were exceeded are highlighted in red in tables below.
Table 2: Measurements for 5 MHz Channel Bandwidth, fc = 1672.5 MHz, DFT-s-OFDM
	Mark Freq
(MHz)
	Emissions Measurements (dBm)
	
	Spec.
(dBm)
	Margin against emission specs
	Avg of 1670 – 1675 MHz  Filter Simulations

	
	50RB0
	1RB0
	
	
	50RB0
	1RB0
	

	
	RBW
2 kHz
	RBW
1MHz
	RBW
2 kHz
	RBW
1MHz
	
	RBW
2 kHz
	RBW
1MHz
	RBW
2 kHz
	RBW
1MHz
	RBW
2 kHz
	RBW
1MHz
	

	1541
	-75.0 
	
	-76.1 
	
	
	-102
	
	-27.0
	
	-25.9
	
	>40

	1543
	-74.8 
	
	-75.5 
	
	
	-102
	
	-27.2
	
	-26.5
	
	>40

	1545
	-74.1 
	
	-74.4 
	
	
	-102
	
	-27.9
	
	-27.6
	
	>40

	1547
	-74.8 
	
	-76.6 
	
	
	-102
	
	-27.2
	
	-25.4
	
	>40

	1549
	-74.7 
	
	-75.9 
	
	
	-102
	
	-27.3
	
	-26.1
	
	>40

	1551
	-76.4 
	
	-76.8 
	
	
	-102
	
	-25.6
	
	-25.2
	
	>40

	1553
	-75.7 
	
	-75.5 
	
	
	-102
	
	-26.3
	
	-26.5
	
	>40

	1555
	-74.6 
	
	-75.0 
	
	
	-102
	
	-27.4
	
	-27.0
	
	>40

	1557
	-74.0 
	
	-74.1 
	
	
	-102
	
	-28.0
	
	-27.9
	
	>40

	1559
	
	-52.0 
	-
	-52.8 
	
	
	-75
	
	-23.0
	
	-22.2
	>40

	1569
	
	-52.8 
	
	-52.7 
	
	
	-75
	
	-22.2
	
	-22.3
	>40

	1579
	
	-52.4 
	
	-52.4 
	
	
	-75
	
	-22.6
	
	-22.6
	>40

	1589
	
	-52.4 
	
	-52.4 
	
	
	-75
	
	-22.6
	
	-22.6
	>40

	1599
	
	-52.2 
	
	-52.1 
	
	
	-75
	
	-22.8
	
	-22.9
	>40

	1608
	
	-51.9 
	
	-51.9 
	
	
	-75
	
	-23.1
	
	-23.1
	>40

	1609
	
	-52.1 
	
	-52.0 
	
	
	-72.5
	
	-20.4
	
	-20.5
	>40

	1610
	
	-51.9 
	
	-52.0 
	
	
	-70
	
	-18.1
	
	-18.0
	>40

	1611
	
	-52.0 
	
	-52.0 
	
	
	-65.6
	
	-13.6
	
	-13.6
	>40

	1612
	
	-51.3 
	
	-51.2 
	
	
	-61.2
	
	-9.9
	
	-10.0
	>40

	1613
	
	-49.2 
	
	-48.8 
	
	
	-56.8
	
	-7.6
	
	-8.0
	>40

	1614
	
	-51.7 
	
	-51.8 
	
	
	-52.4
	
	-0.7
	
	-0.6
	>40

	1615
	
	-51.7 
	
	-51.9 
	
	
	-48.0
	
	3.7
	
	3.9
	>40

	1616
	
	-51.8 
	
	-51.8 
	
	
	-43.6
	
	8.2
	
	8.2
	>40

	1617
	
	-51.8 
	
	-51.9 
	
	
	-39.2
	
	12.6
	
	12.7
	>40

	1618
	
	-52.0 
	
	-51.8 
	
	
	-34.8
	
	17.2
	
	17.0
	>40

	1619
	
	-51.9 
	
	-51.7 
	
	
	-30.4
	
	21.5
	
	21.3
	>40

	1620
	
	-51.9 
	
	-51.7 
	
	
	-26.0
	
	25.9
	
	25.7
	>35

	1621
	
	-51.9 
	
	-51.7 
	
	
	-21.6
	
	30.3
	
	30.1
	>35

	1622
	
	-51.7 
	
	-51.5 
	
	
	-17.2
	
	34.5
	
	34.3
	>35

	1623
	
	-51.7 
	
	-51.6 
	
	
	-12.8
	
	38.9
	
	38.8
	>35

	1624
	
	-51.8 
	
	-51.5 
	
	
	-8.4
	
	43.4
	
	43.1
	>35

	1625
	
	-51.8 
	
	-51.5 
	
	
	-4
	
	47.8
	
	47.5
	>35



Table 3: Measurements for 1.4 MHz Channel Bandwidth, fc = 1670.7 MHz, DFT-s-OFDM
	Mark Freq
(MHz)
	Emissions Measurements (dBm)
	
	Spec.
(dBm)
	Margin against emission specs
	Avg of 1670 – 1675 MHz Filter Simulations

	
	50RB0
	1RB0
	
	
	50RB0
	1RB0
	

	
	RBW
2 kHz
	RBW
1MHz
	RBW
2 kHz
	RBW
1MHz
	
	RBW
2 kHz
	RBW
1MHz
	RBW
2 kHz
	RBW
1MHz
	RBW
2 kHz
	RBW
1MHz
	

	1541
	-74.6 
	
	-75.3 
	
	
	-102
	
	-27.4
	
	-26.7
	
	>40

	1543
	-76.3 
	
	-77.9 
	
	
	-102
	
	-25.7
	
	-24.1
	
	>40

	1545
	-76.0 
	
	-77.5 
	
	
	-102
	
	-26.0
	
	-24.5
	
	>40

	1547
	-76.8 
	
	-76.5 
	
	
	-102
	
	-25.2
	
	-25.5
	
	>40

	1549
	-75.9 
	
	-75.7 
	
	
	-102
	
	-26.1
	
	-26.3
	
	>40

	1551
	-75.2 
	
	-75.5 
	
	
	-102
	
	-26.8
	
	-26.5
	
	>40

	1553
	-74.8 
	
	-74.9 
	
	
	-102
	
	-27.2
	
	-27.1
	
	>40

	1555
	-75.0 
	
	-75.0 
	
	
	-102
	
	-27.0
	
	-27.0
	
	>40

	1557
	-76.5 
	
	-74.9 
	
	
	-102
	
	-25.5
	
	-27.1
	
	>40

	1559
	
	-52.8 
	-
	-52.8 
	
	
	-75
	
	-22.2
	
	-22.2
	>40

	1569
	
	-52.6 
	
	-52.6 
	
	
	-75
	
	-22.4
	
	-22.4
	>40

	1579
	
	-52.4 
	
	-52.4 
	
	
	-75
	
	-22.6
	
	-22.6
	>40

	1589
	
	-52.3 
	
	-52.1 
	
	
	-75
	
	-22.7
	
	-22.9
	>40

	1599
	
	-52.1 
	
	-52.0 
	
	
	-75
	
	-22.9
	
	-23.0
	>40

	1608
	
	-51.8 
	
	-51.9 
	
	
	-75
	
	-23.2
	
	-23.1
	>40

	1609
	
	-51.9 
	
	-51.7 
	
	
	-72.5
	
	-20.6
	
	-20.8
	>40

	1610
	
	-51.8 
	
	-51.8 
	
	
	-70
	
	-18.2
	
	-18.2
	>40

	1611
	
	-51.8 
	
	-52.0 
	
	
	-65.6
	
	-13.8
	
	-13.6
	>40

	1612
	
	-51.1 
	
	-51.0 
	
	
	-61.2
	
	-10.1
	
	-10.2
	>40

	1613
	
	-48.8 
	
	-48.9 
	
	
	-56.8
	
	-8.0
	
	-7.9
	>40

	1614
	
	-51.5 
	
	-51.8 
	
	
	-52.4
	
	-0.9
	
	-0.6
	>40

	1615
	
	-51.6 
	
	-51.8 
	
	
	-48.0
	
	3.6
	
	3.8
	>40

	1616
	
	-51.8 
	
	-51.7 
	
	
	-43.6
	
	8.2
	
	8.1
	>40

	1617
	
	-51.7 
	
	-51.8 
	
	
	-39.2
	
	12.5
	
	12.6
	>40

	1618
	
	-51.9 
	
	-51.8 
	
	
	-34.8
	
	17.1
	
	17.0
	>40

	1619
	
	-51.7 
	
	-51.6 
	
	
	-30.4
	
	21.3
	
	21.2
	>40

	1620
	
	-51.6 
	
	-51.6 
	
	
	-26.0
	
	25.6
	
	25.6
	>35

	1621
	
	-51.6 
	
	-51.5 
	
	
	-21.6
	
	30.0
	
	29.9
	>35

	1622
	
	-51.6 
	
	-51.6 
	
	
	-17.2
	
	34.4
	
	34.4
	>35

	1623
	
	-51.4 
	
	-51.6 
	
	
	-12.8
	
	38.6
	
	38.8
	>35

	1624
	
	-51.5 
	
	-51.4 
	
	
	-8.4
	
	43.1
	
	43.0
	>35

	1625
	
	-51.3 
	
	-51.1 
	
	
	-4
	
	47.3
	
	47.1
	>35



The last column in the above tables represent the minimum filter rejection value from Table 1. Comparing it with the margin columns, it can be observed that the rejection from the new LTE TDD band filter will be adequate to meet the spurious emission requirements even after accounting for a 1-2 dB margin due to temperature variations in the PA emissions. No A-MPR needs to be specified to meet the additional spurious emissions requirements for this band [2].
Observation 4: Filter rejection is required to meet the additiona spurious emissions requirements below 1615 MHz
Observation 5: All filter vendors have adequate minimum rejection to meet the additional spurious emissions requirements without additional maximum power reduction.
Proposal 1: No A-MPR needs to be specified for the new band in 1670 – 1675 MHz to meet the additional spurious emissions associated with the new band [2].
UE Co-existence Spurious Emission Limits
The co-existence with EUTRA and NR Bands 2, 4, 5, 12, 13, 14, 17, 24, 25, 26, 27, 29, 30, 41, 66, 70, 71 and 85 needs to be considered for operation within US. 
The downlink frequency ranges of these bands have enough separations from the new proposed band's UL so that its emissions can be kept at -50 dBm/MHz. 
The coexistence simulations results presented in RAN4 #103e [4] indicated a need of about 20 dB of filter rejection by the B24 duplexer in 1670 – 1675 MHz for Band 24 transmission in the upper 10 MHz channel (1646.5 – 1656.5 MHz). The filter data from two vendors is presented below.
Table 4: Rejection at 1670 – 1675 MHz for band 24 TX Filter
	
	Freq Range (MHz)
	Vendor 1
	Vendor 2

	Minimum Rejection
	1670 - 1675
	11
	40



Given the wide range between Vendor 1 and 2 data, it is proposed that additional filter data be collected before finalizing  the UE coexistence spurious emission limit for B24/n24 UL operations in 1627.5 – 1637.5 MHz and 1646.5 – 1656.5 MHz frequency ranges.
Proposal 2: Collect additional B24 duplexer rejection data as well measurements to finalize exception/relaxation, if any, for the UE coexistence spurious emission limit for protection of the new band by B24/n24 at the next meeting.
The lower edge of B70/n70 is 20 MHz away from the upper edge of the new band. Duplexer information for B70/n70 is required to determine whether -50 dBm/MHz UE coexistence spurious emission limit can be specified for B70/n70 to protect the new band.
Proposal 3: Collect additional B70 duplexer data as well measurements to finalize exception/relaxation, if any, for the UE coexistence spurious emission limit for protection of the new band by B70/n70 at the next meeting.

Reference Sensitivity for the LTE TDD Band in 1670 – 1675 MHz
Table 5 summarizes the duplexer data for B66 and B70 captured in TS 36.869 and TS 36.749 respectively. 
Table 5: ETC B66/B77 duplexer performance
	Band
	Tx IL
	Rx IL
	Tx Isolation
	Rx Isolation
	Source

	66
	2.4
	3.0
	53
	52
	Table 8.1.A-3, TR 36.869

	70
	1.7
	2.1
	56
	55
	Table 8.1-1, TR 36.749



Comparing the insertion loss value of the filter for the new band in Table 1 with that of B66 and B70 duplexers, it proposed that the same value for the reference sensitivity be used for the 5 MHz channel bandwidth. The reference is sensitivity for 1.4 and 3 MHz channel bandwidths are determined by appropriate scaling from the 5 MHz channel bandwidth value. 
Proposal 4: The following reference sensitivity table for the new band is proposed
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex 
Mode

	
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	

	54 or 105
	-106.2
	-102.2
	-100
	
	
	
	TDD



MOP for the new band
Maximum output power is also potentially impacted by the additional front-end loss associated with the new band filter. If, for example, it is desired to share a common PA between the new band and B70, it can be expected that the maximum output power for the new band could be degraded by the 0.5 dB additional Tx insertion loss in the new band filter. However, it is possible that a shared PA in this frequency range is also shared with other bands which may require more output power (e.g., B66). Therefore, in spite of the additional Tx insertion loss in the new band filter compared to B70, it is proposed that maximum output power can be maintained at 23 dBm +/- 2 dB for the new LTE TDD Band in 1670 – 1675 MHz.
Proposal 5: It is proposed that the maximum output power be specified as 23 dBm +/- 2 dB for the LTE TDD Band in 1670 – 1675 MHz.
Blocking Specifications for the new band
Given that there are no adjacent high powered downlink blockers for the new band, it is proposed that the current specifications for in-band (Cases 1 and 2) and out of band blocking (Ranges 1 to 3) be used for the new band.
<< extract from TS 36.101[3]>>
Table 7.6.1.1-2: In-band blocking
	E-UTRA band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	
	PInterferer
	dBm
	-56
	-44
	Void
	Void
	-38
	-15

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&
=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&
≥+BW/2 + FIoffset,case 2
	
	
	-BW/2 - 11
	

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23,
25, 26, 27, 28, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 48, 50, 51, 52, 53, 65, 66, 68, 70, 72, 73, 74, 85, 87, 88, 54 or 105
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15
to
FDL_high + 15
	
	
	
	

	30
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15
to
FDL_high + 15
	
	
	FDL_low – 11
	

	71
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 12 to FDL_high + 15
	
	
	
	FDL-low - 12

	NOTE 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band
NOTE 2:	For each carrier frequency the requirement is valid for two frequencies:
a. the carrier frequency -BW/2 - FIoffset, case 1 and
b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:	FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 
	




Table 7.6.2.1-2: Out of band blocking
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44, 45, 48 (NOTE 2), 50, 51, 52 (NOTE 6), 539, 65, 66, 68, 70, 71, 72, 73, 74, 85, 87, 88, 54 or 105
	FInterferer (CW)
	MHz
	FDL_low -15 to
FDL_low -60 
	FDL_low -60 to
FDL_low -85 
	FDL_low -85 to
1 MHz
	-

	
	
	
	FDL_high +15 to
FDL_high + 60 
	FDL_high +60 to
FDL_high +85 
	FDL_high +85 to
+12750 MHz
	-

	2, 5, 12, 17, 85
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high
(NOTE 5)

	NOTE 1:	For the UE which supports both Band 11 and Band 21 the out of blocking is FFS.
NOTE 2:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz. The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4800 MHz when UE supports both E-UTRA band B42 and NR bands n77, n78.
NOTE 3:	For the UE that supports both Band 4 and Band 66, the out-of-blocking frequency range for Band 4 is defined relative to FDL_low and FDL_high of Band 66.
NOTE 4:	For a UE supporting CA_20A-28A, CA_1A-3A-7A-20A-28A, CA_1A-3A-20A-28A, CA_1A-3A-3A-20A-28A, CA_1A-7A-20A-28A, CA_1A-20A-28A, CA_3A-7A-20A-28A, CA_3A-20A-28A or CA_7A-20A-28A the requirements for Band 20 and Band 28 apply with FDL_low  given by the lower limit of the restricted operating frequency range in Band 28 and FDL_high  by Band 20 (Table 5.5A-2).
NOTE 5:	Range 4 requirement does not apply to category M1 and M2.
NOTE 6:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2700 MHz and FInterferer < 4000 MHz.
NOTE 7:	For band 51 the FDL_high of band 50 is applied as FDL_high for band 51.
NOTE 8:	For UEs supporting both bands 38 and 41, the FDL_high and FDL_low of band 41 is applied as FDL_high and FDL_low for band 38.
NOTE 9:	The power level of the interferer (PInterferer) for Range 3 shall be modified to [-20 dBm] for FInterferer > [2580 MHz] and FInterferer < [2775 MHz].



Proposal 6: It is proposed that the current specifications for in-band and out of band blocking be used for the new LTE TDD band in 1670 – 1675 MHz.
Observations and Proposals
Observation 1: Filter simulations show the average maximum insertion loss to be  2.2 dB.
Observation 2: Filter simulations show the average minimum rejection between 1541 – 1620 MHz to be 40 dB or more.
Observation 3: Filter simulations show the average minimum rejection between 1620 – 1626 MHz to be 36 dB or more.
Observation 4: Filter rejection is required to meet the additional spurious emissions requirements below 1615 MHz
Observation 5: All filter vendors have adequate minimum rejection to meet the additional spurious emissions requirements without additional maximum power reduction.
Proposal 1: No A-MPR needs to be specified for the new band in 1670 – 1675 MHz to meet the additional spurious emissions associated with the new band [2].
Proposal 2: Collect additional B24 duplexer rejection data as well measurements to finalize exception/relaxation, if any, for the UE coexistence spurious emission limit for protection of the new band by B24/n24 at the next meeting.
Proposal 3: Collect additional B70 duplexer data as well measurements to finalize exception/relaxation, if any, for the UE coexistence spurious emission limit for protection of the new band by B70/n70 at the next meeting.
Proposal 4: The following reference sensitivity table for the new band is proposed
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex 
Mode

	
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	

	54 or 105
	-106.2
	-102.2
	-100
	
	
	
	TDD



Proposal 5: It is proposed that the maximum output power be specified as 23 dBm +/- 2 dB for the LTE TDD Band in 1670 – 1675 MHz.
Proposal 6: It is proposed that the current specifications for in-band and out of band blocking be used for the new LTE TDD band in 1670 – 1675 MHz.
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