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1. Introduction
In this document, we discuss NR UAV (Un-manned Aerial Vehicle) required AMPR for n3, n7, and n38 with the emission region requirements according to the ECC (22)07 decision.
2. Discussion
In the last meeting, WF [1] was agreed to analyze if AMPR is required to meet the ECC emission requirements to protect METSAT (1675-1710MHz), RAS (2690-2700MHz), and radars (2700-2900MHz). 
The agreed power class was PC3. The emission ranges from [2] for band n3, n38, and n7 are summarized below:

Table.2-1: Additional n3 requirements for NS_XX
	Protected range.
(MHz)
	Spectrum emission limit

(dBm)
	Measurement bandwidth

	1675 ≤ f ≤ 1710
	-40
	1 MHz

	Applicable for carrier channel BWs confined within [1710] MHz – 1785MHz. TBD


Table.2-2: Additional n38 requirements for NS_YY
	Protected range.

(MHz)
	Spectrum emission limit

(dBm)
	Measurement bandwidth

	2690 ≤ f ≤ 2900
	-50
	1 MHz

	Applicable for carrier channel BWs confined within 2570MHz – 2620MHz


Table.2-3: Additional n7 requirements for NS_ZZ (if required)
	Protected range.

(MHz)
	Spectrum emission limit

(dBm)
	Measurement bandwidth

	2600 ≤ f ≤ 2690
	-50
	1 MHz

	Applicable for carrier channel BWs confined within 2500MHz – 2570MHz


2.1. AMPR for band n3
For AMPR determination, the TX was calibrated for -30dBc ACLR with 1dB MPR for a 20MHz DFT-s-OFDM waveform. LO, Image was set at -28dBc with CIM3/CIM5 at -60dBc/-70dBc respectively.

2.1.1.  WOLA (Weighted Overlap and Add) Discussion

A startling observation can be made with regards to emission region measurement bandwidth relative to the channel edge given the emission requirement. Guard band must be applied to alleviate the impact of the WOLA effect. Example of WOLA effect for the given MBW is shown in Figure 2.1.1-1. The emission region measurement BW is too large for the emission requirement causing the excessive power back-off independent of PA non-linearity. Measurements are listed in Table 2.1.1-1. The WOLA effect is still apparent even at 16dB backoff, but the key is to only increase the guard band enough so the WOLA only back-off does not exceed the 1RB backoff due to 3rd order non-linearity with TX+Image or TX+LO leakage.
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Table 2.1.1-1: 1RB0 Backoff with and without guard band
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Figure 2.1.1-1: WOLA effect and tight emission requirement for the required measurement bandwidth
Observation 1: Only increase the guard band enough so the WOLA only back-off does not exceed the 1RB backoff due to 3rd order non-linearity with TX+Image or TX+LO leakage.

Observation 2: WOLA effect cause excessive emissions requiring overly excessive backoff due to minimum guard band specified in TS38.101 as well as the tight ECC emission requirement.
Observation 3: AMPR should be finalized after discussing the guard band when channel BW is configured at the low channel edge for the lower channel BWs.
Proposal 1: Apply a [540] KHz guard band for n3 channel BWs <=20MHz at the low RF band edge to limit excessive backoff due to WOLA. 

2.1.2.  AMPR framework for band n3

As shown in [3] [4], the required back-off can be excessive. The required emission region is located at the lower edge of n3 RF TX band with no frequency guard band. For the AMPR framework, comparable to the WF requirement of the previous 2 meetings, AMPR can be specified at the low channel edge, the high channel edge and carrier frequency and BWs for no AMPR. We can specify AMPR Vs RB mapping as shown in Figure 2.1.2-1. The actual AMPR framework/values can be shown in Table 2.1.2-1. We specify a low edge map and high edge map, No AMPR back-off or MPR represents regions where the IM7 region starts. The [no AMPR] allocation can happen for small RB allocations within the channel BW throughout the RF band as shown.
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Figure 2.1.2-1: n3 AMPR Vs RB mapping

Table 2.1.2-1a: Carrier Frequency and RB map Boundary
	Ch BW
	RB map
	Carrier Frequency, Fc, MHz
	AMPR Region

	5, 10, 15, 20
	Low Edge
	1710 + 540KHz +(Ch BW)/2 ≤ Fc < 1710 + 5*(Ch BW)/2
	A1, A2_L, A3, A4_L

	25, 30, 35, 40, 45, 50
	Low Edge
	1710 + (Ch BW)/2 ≤ Fc < 1710 + [5*(Ch BW)/2]
	A1, A2_L, A3, A4_L

	5, 10, 15, 20, 25
	N/A
	1710 + [5*(Ch BW)/2] ≤ Fc ≤ 1785 - (Ch BW)/2
	No AMPR

	30, 35
	High Edge
	Fc = 1785 - (Ch BW)/2
	A5

	40, 45, 50
	High Edge
	Fc = 1785 - (Ch BW)/2
	A1, A2_H, A3, A4_H


Table 2.1.2-1b: AMPR (dB)
	AMPR Region
	RB map Boundary
	DFT-s-OFDM
	CP-OFDM

	A1
	RB start <=X/12/SCS, LCRB<=1.08MHz
	[15]
	[15]

	A2_L
	RB start <=X/12/SCS, LCRB > 1.08MHz
	[14.5]
	[16.5]

	A4_L
	RB start > X/12/SCS, LCRB> [RB start/3 + Δ/12/SCS]
	[13.5]
	[15.5]

	A3
	RB start >=Y/12/SCS, LCRB<=1.08MHz
	[11]
	[11]

	A2_H
	RB start <=X/12/SCS, LCRB > 1.08MHz
	[10.5]
	[11.5]

	A4_H
	RB start > X/12/SCS, LCRB> [RB start/3 + Δ/12/SCS]
	[8]
	[10]

	A5
	LCRB> [Δ/12/SCS]
	[6]
	[7.5]


Table 2.1.2-1c: RB map frequency values (MHz)
	Ch BW
	Low Edge RB map
	High Edge RB map

	
	X_freq
	Y_freq
	Δ_freq
	X_freq
	Y_freq
	Δ_freq

	5
	1.08
	1.08
	0
	
	
	

	10
	2.7
	5.76
	0
	
	
	

	15
	4.32
	8.64
	0
	
	
	

	20
	5.94
	11.52
	0
	
	
	

	25
	7.74
	15.12
	0
	
	
	

	30
	9.36
	18.72
	0
	
	
	[15]

	35
	10.98
	21.6
	0
	
	
	[13.32]

	40
	12.6
	25.2
	0
	1.08
	36.72
	[11.67]

	45
	14.22
	28.08
	0
	4.14
	38.16
	[10]

	50
	15.84
	31.68
	0
	7.56
	40.32
	[8.33]


Tables 2.1.2-1: AMPR measured values (QPSK) and framework.
Proposal 2: Apply n3 AMPR values and framework as per Tables 2.1.2-1.
2.2. AMPR for band n38

As discussed in [4], band n38 is usually co-banded with band n41, and as a result there is no filtering protection for RAS/radar region from n38 TX emissions. We show the power back-off required to meet the -50dBm/MHz requirement. For the 40MHz channel BW, lower RB allocated waveforms require AMPR due to potential composite 5th order distortion. The suggested framework and AMPR measured values are shown in Figure 2.2-1 and Tables 2.2-1
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Figure 2.2-1: n38 AMPR Vs RB mapping

Table 2.2-1a: Carrier Frequency and RB map Boundary

	Ch BW
	RB map
	Carrier Frequency, Fc, MHz
	AMPR Region

	5, 10, 15
	N/A
	2570 + (Ch BW)/2 ≤ Fc ≤ 2620 - (Ch BW)/2
	No AMPR

	20
	Low Edge
	Fc = 2570 + (Ch BW)/2
	No AMPR

	25, 30, 40
	Low Edge
	Fc = 2570 + (Ch BW)/2
	A1

	20, 25, 30
	High Edge
	2570 + (Ch BW)/2 < Fc ≤ 2620 - (Ch BW)/2
	A2

	40
	High Edge
	2570 + (Ch BW)/2 < Fc ≤ 2620 - (Ch BW)/2
	A2, A3


Table 2.2-1b: AMPR (dB)
	AMPR Region
	RB map Boundary
	DFT-s-OFDM
	CP-OFDM

	A1
	LCRB > 19.8 MHz/12/SCS
	[3.5]
	[5]

	A2
	LCRB > 16.2 MHz/12/SCS
	[5]
	[6]

	A3
	RB end ≥ [36 MHz]/12/SCS, LCRB ≤ 1.08MHz
	[12]
	[12]


Table 2.2-1: n38 AMPR measurements (QPSK)
Observation 3: NS_44 AMPR may already be sufficient to cover the required emissions generated in RAS/radar region from a band n38.

Proposal 3: Apply AMPR in Table 2.2-1 for n38 20, 25, 30, 40MHz TX channel BWs. No AMPR for TX channel BWs <= 15MHz.

2.3. AMPR for band n7

NS_46 AMPR exists for n7 to protect n38RX from 2570-2620MHz with a -40dBm/1MHz requirement from 2595-2620MHz. Some filtering will be present to attenuate n7 TX emissions falling in the 2690-2900MHz range. Also, only the n7 TX IM7 emissions threaten the emission region. Power must be back-off due to coexistence with n38RX to meet -40dBm/MHz at 2690MHz, and at least 10dB of filtering would be required to meet -50dBm/MHz using the same AMPR. Ample n7 TX-ANT filtering exists from 2690-2900MHz.
Observation 4: No AMPR for band n7 to meet -50dBm/MHz from 2690-2900MHz due to n7 duplexer filter.
3. Conclusion
Observation 1: Only increase the guard band enough so the WOLA only back-off does not exceed the 1RB backoff due to 3rd order non-linearity with TX+Image or TX+LO leakage.

Observation 2: WOLA effect cause excessive emissions requiring overly excessive backoff due to minimum guard band specified in TS38.101 as well as the tight ECC emission requirement.

Observation 3: AMPR should be finalized after discussing the guard band when channel BW is configured at the low channel edge for the lower channel BWs.
Proposal 1: Apply a [540] KHz guard band for n3 channel BWs <=20MHz at the low RF band edge to limit excessive backoff due to WOLA. 

Proposal 2: Apply n3 AMPR values and framework as per Tables 2.1.2-1.

Observation 3: NS_44 AMPR may already be sufficient to cover the required emissions generated in RAS/radar region from a band n38.

Proposal 3: Allow AMPR in Table 2.2-1 for n38 20, 25, 30, 40MHz TX channel BWs. No AMPR for TX channel BWs <= 15MHz.

Observation 4: No AMPR for band n7 to meet -50dBm/MHz from 2690-2900MHz due to n7 duplexer filter.
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