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Introduction
In the RAN4#96 e-meeting a way forward [1] was agreed in order to evaluate Band n24 A-MPR related to the FCC GNSS protection requirement. In this contribution we provide input on filter feasibility, A-MPR evaluation assumptions and preliminary back-off measurements for NR FDD and SUL Band n24 that is also relevant to LTE Band 24.
Discussion
Band 24 Characteristics and Duplexer Requirement
Based from the input to the work item, Table 1 provides:
· The Band 24 characteristics
· The FCC regulation requirements converted to dBm/BW
· Related duplexer design constraints
Table 1: Band 24 characteristics, regulation and filter requirements.
	Band
	Flow
[MHz]
	Fhigh
[MHz]
	Requirement
	Duplexer design constraint

	lower DL (Cell)
	1526
	1536
	lowest REFSENS
	TX-RX isolation >50dB, Low IL

	Upper DL (Sat)
	1545
	1555
	-75dBm/MHz
	No used, assume no RX filter requirement

	Lower UL
	1627.5
	1637.5
	Lowest post PA losses
	TX-RX isolation >50dB, Low IL

	Upper UL
	1646.5
	1656.5
	Lowest post PA losses
	TX-RX isolation >50dB, Low IL

	Aux DL
	1670
	1675
	na
	No used, assume no TX filter requirement

	FCC regulation
	Flow
[MHz]
	Fhigh
[MHz]
	Requirement
	Duplexer design constraint

	Sat+GNSS
	1541
	1608
	-75dBm/MHz
	Best possible TX filter attenuation

	Ramp1
	1608
	1610
	+2.5dB/MHz from
-75 to -70dBm/MHz
	Best possible TX filter attenuation

	Ramp2
	1610
	1627.5
	+4.4dB/MHz from
-70 to 7dBm/MHz
	Sharp TX filter transition below UL

	Narrow PSD1
	1627.5
	
	-37dBm/4kHz
	No TX filter attenuation feasible

	Narrow PSD2
	1638.5
	1645.5
	-28dBm/4kHz
	No TX filter attenuation feasible

	Narrow PSD3
	1657.5
	1660.5
	-28dBm/4kHz
	No TX filter attenuation feasible



Since we provided our duplexer design feasibility data anonymously to the WI proponent we will not provide here our exact filter specification. However, in Figure 1, we provide the general behavior of our duplexer feasibility done with our baseline filter technology, in worst case condition for the FCC protection where the TX filter is shifted to the lower frequencies with curves for:
· TX to antenna attenuation
· RX to antenna attenuation
· TX to RX isolation
Additionally, at the top of Figure 1, the different frequency ranges are visualized for:
· UL/DL bands in green
· Auxiliary DL bands in black
· FCC protection ranges:
· Flat -75dBm/MHz part in plain red
· Ramp part in dashed red
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Figure 1: Duplexer feasibility curves in worst case condition for FCC regulation.
Observation:
· The relatively large worst case duplex distance allows a classical design with low in-band insertion losses and >50dB TX-RX isolations
· The design did not attempt to provide attenuation in the auxiliary DL bands
· Good TX attenuation >40dB is achieved below 1610 MHz
· The TX filter transition below the UL band is sharp but no significant attenuation is achieved between 1620 and 1627.5 MHz.
PA and Filter assumptions for A-MPR Evaluation
For transmitter calibration and TRX impairments, the agreed 3GPP assumptions are used and based on our data, we propose the following filter crude assumptions as a first step. Some of those assumptions could be re-evaluated based on the A-MPR results. The linear extrapolation of the TX attenuation transition below the UL is good up to 1617 MHz and becomes slightly pessimistic above that frequency but this is a good approach because this is the region where the low order non-linearity of the PA will be critical.

Proposal 1 on A-MPR assumptions:
· 4dB post PA losses
· PA calibrated at 1dB MPR for -30dBc ACLR with 20MHz QPSK DFT-s-OFDM 100RB0 waveform (same can be used for LTE evaluation)
· TRX impairments:
· -28dBc Image and carrier leakage (-25dBc for LTE)
· -60dBc CIM3 and -70dBc CIM5 (same for LTE)
· Filter assumptions
· TX-RX isolation > 50dB
· TX attenuation in DL > 45dB
· TX attenuation in 1541-1612 MHz > 40dB
· TX attenuation in 1612-1620 MHz > -5 dB/MHz from 40dB to 0dB
· TX attenuation 1620 -1627.5 0 dB.
Measured Results
In order to evaluate the trade off in terms of filter attenuation and PA back-off, a number of PA measurements have been done using a mid-band PA at the lowest possible UL frequency and above proposed calibration points and frequency offsets adjusted accordingly. The results are shown in next chapter.
The following test experiment was done:
· 10MHz channel at 1632.5 MHz and 5MHz channel at 1630 and 1635 MHz
· Full and 1RB allocations:
· 50RB00, 01RB51, 01RB00 for 10 MHz
· 01RB24, 01RB00, 25RB00 for 5 MHz
· QPSK CP-OFDM (probably worst case) and DFT-s-OFDM (also valid for LTE) waveforms
· Output power from Pmax to Pmax-15 dB.
The following PA noise measurements were taken and evaluated using the filter assumptions:
· PA noise in RX channels
· WC PA noise in 1541-1608 MHz in 1 MHz measurement BW
· PA noise in 1 MHz measurement BW at 1609 to 1627 MHz in 1 MHz step
· PA noise in 100 kHz measurement BW at 1627.5 MH (to be extrapolated to 4kHz measurement BW)
· Image and carrier related IMD levels in 1 MHz measurement BW.
For the IMDs it is to be noted that:
· For the 10MHz channel,
· IMD3 will fall from the 4kHz point to the ramp 2 region
· IMD5 will fall from the 4kHz point to the ramp 1 region
· IMD7-19 will fall from the 4kHz point to the GNSS protection region
· IMD 21 will fall in DL
· For the lower 5 MHz channel,
· IMD3-7 will fall from the 4kHz point to the ramp 2 region
· IMD9 will fall from the 4kHz point to the ramp 1 region
· IMD11-21 will fall from the 4kHz point to the GNSS protection region
· For the upper 5 MHz channel,
· IMD3-9 will fall from the 4kHz point to the ramp 2 region
· IMD11 will fall from the 4kHz point to the ramp 1 region
· IMD13-21 will fall from the 4kHz point to the GNSS protection region.
PA Noise in DL Channel at Maximum Power
Table 2 presents the PA noise at Pmax and equivalent thermal noise floor rise at the LNA input assuming a 50 dB TX-RX isolation in the last column.
Table 2: RX de-sense results.
	Ch
BW
	UL 
Freq
	DL 
freq
	waveform
	Allocation
	Noise 
BW
	PA 
noise
	PA
noise
	at LNA
	at LNA
	noise rise LNA

	MHz
	MHz
	MHz
	
	
	MHz
	dBm/
BW
	dBm/
Hz
	RX/BW
	RX/Hz
	dB

	10
	1632.5
	1531
	DFT-s-OFDM
	50RB00
	9.375
	-64.3
	-134.1
	-114.3
	-184.1
	0.4

	10
	1632.5
	1531
	DFT-s-OFDM
	01RB51
	9.375
	-65.5
	-135.2
	-115.5
	-185.2
	0.3

	10
	1632.5
	1531
	DFT-s-OFDM
	01RB00
	9.375
	-65.4
	-135.1
	-115.4
	-185.1
	0.3

	10
	1632.5
	1531
	CP-OFDM
	52RB00
	9.375
	-61.2
	-130.9
	-111.2
	-180.9
	0.8

	10
	1632.5
	1531
	CP-OFDM
	01RB51
	9.375
	-66.1
	-135.8
	-116.1
	-185.8
	0.3

	10
	1632.5
	1531
	CP-OFDM
	01RB00
	9.375
	-66.1
	-135.8
	-116.1
	-185.8
	0.3

	5
	1635
	1533.5
	DFT-s-OFDM
	25RB00
	4.515
	-68.3
	-134.9
	-118.3
	-184.9
	0.3

	5
	1635
	1533.5
	DFT-s-OFDM
	01RB24
	4.515
	-68.6
	-135.2
	-118.6
	-185.2
	0.3

	5
	1635
	1533.5
	DFT-s-OFDM
	01RB00
	4.515
	-68.5
	-135.1
	-118.5
	-185.1
	0.3

	5
	1635
	1533.5
	CP-OFDM
	25RB00
	4.515
	-69.1
	-135.7
	-119.1
	-185.7
	0.3

	5
	1635
	1533.5
	CP-OFDM
	01RB24
	4.515
	-69.1
	-135.6
	-119.1
	-185.6
	0.3

	5
	1635
	1533.5
	CP-OFDM
	01RB00
	4.515
	-69.1
	-135.7
	-119.1
	-185.7
	0.3

	5
	1630
	1528.5
	DFT-s-OFDM
	25RB00
	4.515
	-68.4
	-135.0
	-118.4
	-185.0
	0.3

	5
	1630
	1528.5
	DFT-s-OFDM
	01RB24
	4.515
	-68.6
	-135.2
	-118.6
	-185.2
	0.3

	5
	1630
	1528.5
	DFT-s-OFDM
	01RB00
	4.515
	-68.5
	-135.1
	-118.5
	-185.1
	0.3

	5
	1630
	1528.5
	CP-OFDM
	25RB00
	4.515
	-69.2
	-135.7
	-119.2
	-185.7
	0.3

	5
	1630
	1528.5
	CP-OFDM
	01RB24
	4.515
	-69.1
	-135.7
	-119.1
	-185.7
	0.3

	5
	1630
	1528.5
	CP-OFDM
	01RB00
	4.515
	-69.2
	-135.7
	-119.2
	-185.7
	0.3



Observation: Thermal noise floor rise at LNA input is negligible and no DL de-sense should be anticipated even with a -130 dBm/MHz PA output noise assumption.
GNSS protection from 1541-1610MHz
Table 3 presents the PA noise in 1 MHz measurement BW in the 1541-1610 MHz at Pmax and the required TX filter attenuation to meet the FCC requirements in the last column.
Table 3: PA noise and required attenuation at Pmax for the 1541-1610 MHz range.
	CH
BW
	UL Freq
	waveform
 
	allocation
 
	range
	PAnoise
	MinAtt

	MHz
	MHz
	
	
	MHz
	dBm/MHz
	dB

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1541-1608
	-37.8
	37.2

	10
	1632.5
	CP-OFDM
	52RB00
	1541-1608
	-34.8
	40.2

	5
	1630
	DFT-s-OFDM
	25RB00
	1541-1608
	-48.4
	26.6

	5
	1635
	DFT-s-OFDM
	25RB00
	1541-1608
	-53.7
	21.3

	5
	1630
	CP-OFDM
	25RB00
	1541-1608
	-45.8
	29.2

	5
	1635
	CP-OFDM
	25RB00
	1541-1608
	-51.4
	23.6

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1609
	-36.8
	35.7

	10
	1632.5
	CP-OFDM
	52RB00
	1609
	-33.0
	39.5

	10
	1632.5
	CP-OFDM
	01RB00
	1609
	-51.0
	21.5

	5
	1630
	DFT-s-OFDM
	25RB00
	1609
	-46.9
	25.6

	5
	1635
	DFT-s-OFDM
	25RB00
	1609
	-51.8
	20.7

	5
	1630
	CP-OFDM
	25RB00
	1609
	-43.8
	28.7

	5
	1635
	CP-OFDM
	25RB00
	1609
	-49.7
	22.8

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1610
	-35.2
	34.8

	10
	1632.5
	CP-OFDM
	52RB00
	1610
	-32.5
	37.5

	5
	1630
	DFT-s-OFDM
	25RB00
	1610
	-46.8
	23.2

	5
	1630
	CP-OFDM
	25RB00
	1610
	-42.5
	27.5

	5
	1635
	CP-OFDM
	25RB00
	1610
	-48.8
	21.2



Observation: The only cases where a 40 dB TX attenuation assumption is marginal is for CP-OFDM fully allocated 10 MHz channel but it would benefit from a 3dB MPR in any case and thus can be discounted. This is confirmed in Table 4 with margins at 2dB MPR .
Table 4: PA noise and required attenuation at Pmax-2 dB for CP-OFDM marginal case for the 1541-1610 MHz range.
	CHBW
	UL Freq
	waveform
	allocation
	range
	PAnoise
	MinAtt

	MHz
	MHz
	
	
	MHz
	dBm/MHz
	dB

	10
	1632.5
	CP-OFDM
	52RB00
	1541-1608
	-39.5
	35.5

	10
	1632.5
	CP-OFDM
	52RB00
	1609
	-37.5
	37.5



Proposal 2: TX filter Attenuation > 40dB in 1541-1610 MHz is adopted and guaranties that FCC regulation is met at A-MPR = MPR.
PA Noise in 4 kHz Measurement BW at 1627.5 MHz
Table 5 presents the PA noise in 100 kHz measurement BW versus Pout at 1627.5 MHz, its conversion into a 4kHz measurement BW, and the margin to the -37dBm/4kHZ requirement in the last column. The cases and power range is narrowed to the margin of +/-3dB except for the upper 5 MHz channel showing good margin at Pmax. No filter attenuation is assumed.
Table 5: PA noise and margin vs -37 dBm/4kHz requirement.
	Ch
BW
	UL Freq
	waveform
 
	allocation
 
	ANTout
	PAnoise
	PAnoise
	Margin

	MHz
	MHz
	
	
	dBm
	dBm/100kHz
	dBm/4kHZ
	dBm/4kHz

	10
	1632.5
	DFT-s-OFDM
	50RB00
	22
	-22.4
	-36.4
	0.6

	10
	1632.5
	DFT-s-OFDM
	50RB00
	21
	-27.6
	-41.6
	-4.6

	10
	1632.5
	DFT-s-OFDM
	01RB00
	21
	-22.0
	-36.0
	1.0

	10
	1632.5
	DFT-s-OFDM
	01RB00
	20
	-23.3
	-37.3
	-0.3

	10
	1632.5
	DFT-s-OFDM
	01RB00
	19
	-24.4
	-38.4
	-1.4

	10
	1632.5
	DFT-s-OFDM
	01RB00
	18
	-25.6
	-39.6
	-2.6

	10
	1632.5
	CP-OFDM
	52RB00
	21
	-19.9
	-33.9
	3.1

	10
	1632.5
	CP-OFDM
	52RB00
	20
	-24.0
	-38.0
	-1.0

	10
	1632.5
	CP-OFDM
	01RB00
	20
	-21.9
	-35.9
	1.1

	10
	1632.5
	CP-OFDM
	01RB00
	19
	-23.8
	-37.8
	-0.8

	10
	1632.5
	CP-OFDM
	01RB00
	18
	-25.2
	-39.1
	-2.1

	5
	1630
	DFT-s-OFDM
	25RB00
	21
	-22.7
	-36.7
	0.3

	5
	1630
	DFT-s-OFDM
	25RB00
	20
	-26.9
	-40.8
	-3.8

	5
	1630
	DFT-s-OFDM
	01RB00
	15
	-21.4
	-35.4
	1.6

	5
	1630
	DFT-s-OFDM
	01RB00
	14
	-22.6
	-36.6
	0.4

	5
	1630
	DFT-s-OFDM
	01RB00
	13
	-23.4
	-37.4
	-0.4

	5
	1630
	DFT-s-OFDM
	01RB00
	12
	-24.8
	-38.7
	-1.7

	5
	1630
	DFT-s-OFDM
	01RB00
	11
	-25.7
	-39.7
	-2.7

	5
	1630
	CP-OFDM
	25RB00
	20
	-19.8
	-33.8
	3.2

	5
	1630
	CP-OFDM
	25RB00
	19
	-23.7
	-37.7
	-0.7

	5
	1630
	CP-OFDM
	25RB00
	18
	-27.1
	-41.1
	-4.1

	5
	1630
	CP-OFDM
	01RB00
	15
	-21.3
	-35.2
	1.8

	5
	1630
	CP-OFDM
	01RB00
	14
	-22.2
	-36.2
	0.8

	5
	1630
	CP-OFDM
	01RB00
	13
	-23.3
	-37.2
	-0.2

	5
	1630
	CP-OFDM
	01RB00
	12
	-24.4
	-38.4
	-1.4

	5
	1630
	CP-OFDM
	01RB00
	11
	-25.5
	-39.5
	-2.5

	5
	1635
	DFT-s-OFDM
	25RB00
	23
	-37.8
	-51.7
	-14.7

	5
	1635
	DFT-s-OFDM
	01RB24
	23
	-61.4
	-75.4
	-38.4

	5
	1635
	DFT-s-OFDM
	01RB00
	23
	-58.5
	-72.5
	-35.5

	5
	1635
	CP-OFDM
	25RB00
	23
	-32.7
	-46.7
	-9.7

	5
	1635
	CP-OFDM
	01RB24
	23
	-61.3
	-75.3
	-38.3

	5
	1635
	CP-OFDM
	01RB00
	23
	-57.7
	-71.7
	-34.7



Observations for the 1627.5 MHz -37dBm/4kHz case: 
· For the lower 5 MHz channel:
· 1RB0 for the 5MHz lower channel requires at least 12dB back-off. This back-off will depend on narrow allocation position and BW and further study is needed
· Full allocation requires at least 5 dB back-off
· The upper 5 MHz channel does not require back-off but it may not be the worst case depending on IMD5 position of 1RB
· For the 10 MHz channel: 1RB and Full allocation CP-OFDM requires at least 3dB back-off and DFT-s-OFDM at least 1dB back-off. A-MPR set slightly higher than MPR should be sufficient.

Table 6 presents the PA noise in 100 kHz measurement BW at MPR at 1627.5 MHz and its conversion into a 4kHz measurement BW is noted in the last column. This is indicative of the possibility to meet the -28 dBm/4kHz requirement. No filter attenuation is assumed.
Table 6: PA noise at Pmax vs -28 dBm/4kHz requirement.
	Ch
BW
	UL Freq
	waveform
 
	allocation
 
	ANTout
	PAnoise
	PAnoise

	MHz
	MHz
	
	
	dBm
	dBm/100kHz
	dBm/4kHZ

	10
	1632.5
	DFT-s-OFDM
	50RB00
	22
	-22.4
	-36.4

	10
	1632.5
	DFT-s-OFDM
	01RB51
	22
	-47.1
	-61.0

	10
	1632.5
	DFT-s-OFDM
	50RB00
	22
	-22.4
	-36.4

	5
	1635
	DFT-s-OFDM
	25RB00
	22
	-39.8
	-53.8

	5
	1635
	DFT-s-OFDM
	01RB24
	22
	-61.6
	-75.6

	5
	1635
	DFT-s-OFDM
	01RB00
	22
	-59.8
	-73.8

	5
	1630
	DFT-s-OFDM
	25RB00
	22
	-18.4
	-32.4

	5
	1630
	DFT-s-OFDM
	01RB24
	22
	-41.6
	-55.5

	5
	1630
	DFT-s-OFDM
	01RB00
	22
	-13.4
	-27.4

	10
	1632.5
	CP-OFDM
	52RB00
	20
	-24.0
	-38.0

	10
	1632.5
	CP-OFDM
	01RB51
	20
	-48.8
	-62.8

	10
	1632.5
	CP-OFDM
	01RB00
	20
	-21.9
	-35.9

	5
	1635
	CP-OFDM
	25RB00
	20
	-38.0
	-52.0

	5
	1635
	CP-OFDM
	01RB24
	20
	-65.5
	-79.5

	5
	1635
	CP-OFDM
	01RB00
	20
	-63.3
	-77.2

	5
	1630
	CP-OFDM
	25RB00
	20
	-19.8
	-33.8

	5
	1630
	CP-OFDM
	01RB24
	20
	-43.4
	-57.4

	5
	1630
	CP-OFDM
	01RB00
	20
	-15.0
	-28.9



Observation for the -28dBm/4kHz cases: MPR is marginal for the lower 5 MHz channel 1RB case.
PA Noise in 1 MHz BW for 1620-1627.5 MHz
Table 7 presents the PA noise in 1 MHz measurement BW vs power in the 1620-1627.5 range which does not benefit from the TX filter attenuation and the margin in the last column. The table is limited to the cases with less than 3dB margin except for the last rows (full row in grey) which show the worst cases for upper 5 MHz channel at Pmax.
Table 7: PA noise in ramp part without attenuation.
	Ch
BW
	UL freq
	waveform
	allocation
	Meas Freq
	ANTout
	PAnoise
	PSD spec
	Margin

	MHz
	MHz
	 
	 
	MHz
	dBm
	dBm/MHz
	dBm/MHz
	dB

	5
	1630
	CP-OFDM
	25RB00
	1626
	23
	-1.8
	0.4
	-2.2

	5
	1630
	CP-OFDM
	25RB00
	1625
	23
	-5.5
	-4.0
	-1.5

	5
	1630
	CP-OFDM
	25RB00
	1620
	23
	-28.3
	-26.0
	-2.3

	5
	1630
	CP-OFDM
	01RB00
	1623
	23
	-15.8
	-12.8
	-3.0

	5
	1630
	DFT-s-OFDM
	25RB00
	1620
	23
	-28.5
	-26.0
	-2.5

	10
	1632.5
	CP-OFDM
	52RB00
	1626
	23
	-2.5
	0.4
	-2.9

	10
	1632.5
	CP-OFDM
	52RB00
	1625
	23
	-3.8
	-4.0
	0.2

	10
	1632.5
	CP-OFDM
	52RB00
	1624
	23
	-5.3
	-8.4
	3.1

	10
	1632.5
	CP-OFDM
	52RB00
	1624
	22
	-9.4
	-8.4
	-1.0

	10
	1632.5
	CP-OFDM
	52RB00
	1623
	23
	-6.9
	-12.8
	5.9

	10
	1632.5
	CP-OFDM
	52RB00
	1623
	22
	-11.0
	-12.8
	1.8

	10
	1632.5
	CP-OFDM
	52RB00
	1623
	21
	-15.0
	-12.8
	-2.2

	10
	1632.5
	CP-OFDM
	52RB00
	1622
	23
	-9.0
	-17.2
	8.2

	10
	1632.5
	CP-OFDM
	52RB00
	1622
	22
	-13.0
	-17.2
	4.2

	10
	1632.5
	CP-OFDM
	52RB00
	1622
	21
	-16.9
	-17.2
	0.3

	10
	1632.5
	CP-OFDM
	52RB00
	1621
	23
	-11.6
	-21.6
	10.0

	10
	1632.5
	CP-OFDM
	52RB00
	1621
	22
	-15.8
	-21.6
	5.8

	10
	1632.5
	CP-OFDM
	52RB00
	1621
	21
	-19.5
	-21.6
	2.1

	10
	1632.5
	CP-OFDM
	52RB00
	1621
	20
	-22.9
	-21.6
	-1.3

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	23
	-15.6
	-26.0
	10.4

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	22
	-19.7
	-26.0
	6.3

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	21
	-23.1
	-26.0
	2.9

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	20
	-25.8
	-26.0
	0.2

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	19
	-28.1
	-26.0
	-2.1

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1623
	23
	-12.9
	-12.8
	-0.1

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1623
	22
	-17.4
	-12.8
	-4.6

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1622
	23
	-13.9
	-17.2
	3.3

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1622
	22
	-18.3
	-17.2
	-1.1

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1622
	21
	-23.2
	-17.2
	-6.0

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1621
	23
	-16.2
	-21.6
	5.4

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1621
	22
	-20.3
	-21.6
	1.3

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1621
	21
	-24.6
	-21.6
	-3.0

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	23
	-21.3
	-26.0
	4.7

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	22
	-24.2
	-26.0
	1.8

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	21
	-26.2
	-26.0
	-0.2

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	20
	-28.3
	-26.0
	-2.3

	5
	1635
	CP-OFDM
	25RB00
	1623
	23
	-31.6
	-12.8
	-18.8

	5
	1635
	CP-OFDM
	25RB00
	1622
	23
	-33.0
	-17.2
	-15.8

	5
	1635
	DFT-s-OFDM
	25RB00
	1622
	23
	-35.9
	-17.2
	-18.7

	5
	1635
	CP-OFDM
	25RB00
	1621
	23
	-34.5
	-21.6
	-12.9

	5
	1635
	DFT-s-OFDM
	25RB00
	1621
	23
	-37.7
	-21.6
	-16.1

	5
	1635
	DFT-s-OFDM
	25RB00
	1620
	23
	-40.0
	-26.0
	-14.0

	5
	1635
	CP-OFDM
	25RB00
	1620
	23
	-35.9
	-26.0
	-9.9



Observations for the 1620-1627.5 MHz range: 
· For the 5 MHz channels: MPR should be sufficient for the measured cases, more measurements are needed for different 1RB positions
· For the 10 MHz channel: 
· For full allocation CP-OFDM MPR may be sufficient except at 1620 MHz where 1dB extra back-off is needed
· For full allocation DFT-s-OFDM:
· At least 3dB back off is needed at 1620 MHz 
· At least 2dB back off is needed at 1622 and 1621 MHz 
· More measurements are needed for different 1RB positions.
PA Noise in 1 MHz BW for 1610-1620 MHz
Table 8 presents the PA noise in 1 MHz measurement BW vs power in the 1612-1620 range, the proposed TX filter attenuation and the margin in the last column. The table is limited to the cases with less than 5dB margin except for the last rows (full row in grey) which show the worst cases for upper 5 MHz channel at Pmax.
Table 8: PA noise in ramp part with attenuation.
	Ch
BW
	UL freq
	waveform

	allocation

	Meas Freq
	ANTout
	PAnoise
	PSD spec
	Filter
Att
	margin

	MHz
	MHz
	
	
	MHz
	dBm
	dBm/MHz
	dBm/MHz
	dB
	dB

	10
	1632.5
	CP-OFDM
	01RB00
	1619
	23
	-13.3
	-30.4
	5
	12.1

	10
	1632.5
	CP-OFDM
	01RB00
	1619
	22
	-16.7
	-30.4
	5
	8.7

	10
	1632.5
	CP-OFDM
	01RB00
	1619
	21
	-20.6
	-30.4
	5
	4.8

	10
	1632.5
	CP-OFDM
	01RB00
	1619
	20
	-22.8
	-30.4
	5
	2.6

	10
	1632.5
	CP-OFDM
	01RB00
	1619
	19
	-27.2
	-30.4
	5
	-1.8

	10
	1632.5
	CP-OFDM
	01RB00
	1618
	23
	-29.4
	-34.8
	10
	-4.6

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	23
	-15.6
	-26.0
	0
	10.4

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	22
	-19.7
	-26.0
	0
	6.3

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	21
	-23.1
	-26.0
	0
	2.9

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	20
	-25.8
	-26.0
	0
	0.2

	10
	1632.5
	CP-OFDM
	52RB00
	1620
	19
	-28.1
	-26.0
	0
	-2.1

	10
	1632.5
	CP-OFDM
	52RB00
	1619
	23
	-21.1
	-30.4
	5
	4.3

	10
	1632.5
	CP-OFDM
	52RB00
	1619
	22
	-25.3
	-30.4
	5
	0.1

	10
	1632.5
	CP-OFDM
	52RB00
	1619
	21
	-27.5
	-30.4
	5
	-2.1

	10
	1632.5
	CP-OFDM
	52RB00
	1618
	23
	-23.9
	-34.8
	10
	0.9

	10
	1632.5
	CP-OFDM
	52RB00
	1618
	22
	-27.9
	-34.8
	10
	-3.1

	10
	1632.5
	CP-OFDM
	52RB00
	1617
	23
	-25.3
	-39.2
	15
	-1.1

	10
	1632.5
	CP-OFDM
	52RB00
	1617
	22
	-28.9
	-39.2
	15
	-4.7

	10
	1632.5
	CP-OFDM
	52RB00
	1616
	23
	-26.7
	-43.6
	20
	-3.1

	10
	1632.5
	CP-OFDM
	52RB00
	1615
	23
	-28.0
	-48.0
	25
	-5.0

	10
	1632.5
	DFT-s-OFDM
	01RB00
	1619
	22.9
	-16.6
	-30.4
	5
	8.8

	10
	1632.5
	DFT-s-OFDM
	01RB00
	1619
	22
	-20.6
	-30.4
	5
	4.8

	10
	1632.5
	DFT-s-OFDM
	01RB00
	1619
	21
	-24.6
	-30.4
	5
	0.8

	10
	1632.5
	DFT-s-OFDM
	01RB00
	1619
	20
	-28.7
	-30.4
	5
	-3.3

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	23
	-21.3
	-26.0
	0
	4.7

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	22
	-24.2
	-26.0
	0
	1.8

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	21
	-26.2
	-26.0
	0
	-0.2

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1620
	20
	-28.3
	-26.0
	0
	-2.3

	10
	1632.5
	DFT-s-OFDM
	50RB00
	1619
	23
	-27.2
	-30.4
	5
	-1.8

	5
	1630
	CP-OFDM
	25RB00
	1620
	23
	-28.3
	-26.0
	0
	-2.3

	5
	1630
	CP-OFDM
	25RB00
	1619
	23
	-29.9
	-30.4
	5
	-4.5

	5
	1630
	DFT-s-OFDM
	25RB00
	1620
	23
	-28.5
	-26.0
	0
	-2.5

	5
	1630
	DFT-s-OFDM
	25RB00
	1620
	22
	-30.4
	-26.0
	0
	-4.4

	5
	1635
	CP-OFDM
	25RB00
	1618
	23
	-38.7
	-34.8
	10
	-13.9

	5
	1635
	CP-OFDM
	25RB00
	1617
	23
	-40.0
	-39.2
	15
	-15.8

	5
	1635
	DFT-s-OFDM
	25RB00
	1617
	23
	-43.5
	-39.2
	15
	-19.3

	5
	1635
	CP-OFDM
	25RB00
	1616
	23
	-41.3
	-43.6
	20
	-17.7

	5
	1635
	DFT-s-OFDM
	25RB00
	1619
	23
	-41.4
	-30.4
	5
	-16.0

	5
	1635
	DFT-s-OFDM
	25RB00
	1618
	23
	-42.4
	-34.8
	10
	-17.6

	5
	1635
	CP-OFDM
	25RB00
	1619
	23
	-37.2
	-30.4
	5
	-11.8

	5
	1635
	CP-OFDM
	25RB00
	1615
	23
	-42.7
	-48.0
	25
	-19.7

	5
	1635
	DFT-s-OFDM
	25RB00
	1620
	23
	-40.0
	-26.0
	0
	-14.0

	5
	1635
	CP-OFDM
	25RB00
	1620
	23
	-35.9
	-26.0
	0
	-9.9



Observations for the 1610-1620 MHz range: 
· For the 5 MHz channels: MPR should be sufficient for the measured cases, more measurements are needed for different 1RB positions
· For the 10 MHz channel: 
· For CP-OFDM at least 4dB back-off is needed in the worst cases at 1619 MHz with 1 RB and at 1620 MHz with full allocation, for other cases, MPR is sufficient
· For DFT-s-OFDM: At least 3dB back off is needed at 1920 MHz for full allocation and at 1619 MHz for 1RB, for other cases, MPR is sufficient
· More measurements are needed for different 1RB positions. 
Study of IMDs Related to Image and Carrier
Due to a lack of time this part of the data could not be analyzed in time for the submission deadline but could provide insights on corner cases. If acceptable by other companies and time allows, this data could be provided in a revision of this document before the meeting.
Conclusions
In this contribution, we provide inputs to the AMPR assumptions in terms of PA calibration and filter characteristics which results in the following proposal:

Proposal 1 on A-MPR assumptions:
· 4dB post PA losses
· PA calibrated at 1dB MPR for -30dBc ACLR with 20MHz QPSK DFT-s-OFDM 100RB0 waveform (same can be used for LTE evaluation)
· TRX impairments:
· -28dBc Image and carrier leakage (-25dBc for LTE)
· [bookmark: _GoBack]-60dBc CIM3 and -70dBc CIM5 (same for LTE)
· Filter assumptions
· TX-RX isolation > 50dB
· TX attenuation in DL > 45dB
· TX attenuation in 1541-1612 MHz > 40dB
· TX attenuation in 1612-1620 MHz > -5 dB/MHz from 40dB to 0dB
· TX attenuation 1620 -1627.5 0 dB
Furthermore, a large set of measurements was performed to provide a preliminary input on A-MPR accounting for the proposed filter data. This resulted in one proposal confirming one filter assumption and numerous observations. 

Please note that the DFT-S-OFDM cases are representative of LTE except for 1RB cases where TRX impairment would be 3dB higher and thus potentially result in higher back-off.

Proposal 2: TX filter Attenuation > 40dB in 1541-1610 MHz is adopted and guaranties that FCC regulation is met at A-MPR = MPR.
Observation: Thermal noise floor rise at LNA input is negligible and no DL de-sense should be anticipated even with a -130 dBm/MHz PA output noise assumption.
Observations for the 1627.5 MHz -37dBm/4kHz case: 
· For the lower 5 MHz channel:
· 1RB0 for the 5MHz lower channel requires at least 12dB back-off. This back-off will depend on narrow allocation position and BW and further study is needed
· Full allocation requires at least 5 dB back-off
· The upper 5 MHz channel does not require back-off but it may not be the worst case depending on IMD5 position of 1RB
· For the 10 MHz channel: 1RB and Full allocation CP-OFDM requires at least 3dB back-off and DFT-s-OFDM at least 1dB back-off. A-MPR set slightly higher than MPR should be sufficient.

Observation for the -28dBm/4kHz cases: MPR is marginal for the lower 5 MHz channel 1RB case.

Observations for the 1620-1627.5 MHz range: 
· For the 5 MHz channels: MPR should be sufficient for the measured cases, more measurements are needed for different 1RB positions
· For the 10 MHz channel: 
· For full allocation CP-OFDM MPR may be sufficient except at 1620 MHz where 1dB extra back-off is needed
· For full allocation DFT-s-OFDM:
· At least 3dB back off is needed at 1620 MHz 
· At least 2dB back off is needed at 1622 and 1621 MHz 
· More measurements are needed for different 1RB positions.
 
Observations for the 1610-1620 MHz range: 
· For the 5 MHz channels: MPR should be sufficient for the measured cases, more measurements are needed for different 1RB positions
· For the 10 MHz channel: 
· For CP-OFDM at least 4dB back-off is needed in the worst cases at 1619 MHz with 1 RB and at 1620 MHz with full allocation, for other cases, MPR is sufficient
· For DFT-s-OFDM: At least 3dB back off is needed at 1920 MHz for full allocation and at 1619 MHz for 1RB, for other cases, MPR is sufficient
· More measurements are needed for different 1RB positions. 
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