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1. Introduction
The following discussion outlines the need for inner/outer A-MPR for n1 and PHS band coexistence for various 5M, 10M, 15M and 20M bandwidth cases without RB restrictions. We analyze A-MPR for NR waveforms in re-farmed band using existing LTE PA.
2. Co-existence Requirement
Figure 1 shows the co-existence requirement for B1 while protecting PHS band in the frequency range for 1884.5M to 1915.7M. As per Table 6.4.2-1 in 36.101, we choose to evaluate total back-off and A-MPR at the spurious emission limit of -41dBm/300KHz for 2 types of cases, Note1 and Note2. In addition, we evaluate various BW scenarios for potential deployment at the request of various operators [1].
Note 1 is where the carrier frequency is shifted so that the PHS band emissions are outside of FOOB and the emission limit trumps the general spurious emission requirement. Here, higher order IM or alternate ALCR comes into play. We analyze if any significant A-MPR is required.
Note2 is where the carrier frequency is 4MHz + 1.5*CBW away from the upper edge of the PHS band. Here, Note2 is more severe because the emission region is within FOOB.  As in 36.101, we analyze the A-MPR required without any RB restriction for both 15M and 20M bandwidth cases.
Figure 1. Test cases for n1-PHS band coexistence (Note 1 and Note 2)
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We also analyse what we call in this paper as Note 3, which are the 1940M – 1960M test cases [1]
Figure 2 Note 3: Additional 1940M – 1960M test cases #1, #2 and #3.

[image: image2]
Further, we also look at cases for what we call in this paper as Note 4, which are the 1920M – 1960M test cases [1].

Figure 3 Note 4: Additional 1940M – 1960M test cases.
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3. Simulations
The simulations are done using a typical LTE PA sized and calibrated for LTE band B1. The reference calibrated waveform is DFT-s-OFDM 20M 15KHz SCS 100RB waveform for which there is 1dB MPR. MPR0 is then 1dB above this power level and chosen as the reference. General requirements are outlined in [2].

We then run simulations for QPSK, 16QAM, and 64QAM DFT-s-OFDM and CP-OFDM waveforms for 5M, 10M,15M, 20M channel bandwidths at the center frequency specified in Figure 1. 
4. A-MPR
In determining A-MPR, at first, we only consider outer RB configurations because as shown when determining MPR using general requirements, SEM, ACLR and General spurious emissions were only affected by Outer RB cases. EVM and IBE failures are primarily determined by both Inner and Outer RB configurations. 
We determine the total back-off and calculate A-MPR as per the method used in 4G LTE, where A-MPR = Total Back-off – MPR. The agreed MPR is shown in Table 1 [3]. Note that the A-MPR can apply to both Inner and Outer RB configurations for NS spurious emissions, especially when the emission region is less than the FOOB boundary. The definition of Outer and Inner is defined in 38.101-1. Total back-off and A-MPR for the all inner and outer test cases shown pictorially in figures 1, 2, and 3 are listed in Tables……
Table 1. PC3 Agreed MPR 

	Modulation
	MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM PI/2 BPSK
	≤ 0.5
	0

	DFT-s-OFDM QPSK
	≤ 1
	0

	DFT-s-OFDM 16 QAM
	≤ 2
	≤ 1

	DFT-s-OFDM 64 QAM
	≤ 2.5

	DFT-s-OFDM 256 QAM
	≤ 4.5

	CP-OFDM QPSK
	≤ 3
	≤ 1.5

	CP-OFDM 16 QAM
	≤ 3
	≤ 2

	CP-OFDM 64 QAM
	≤ 3.5

	CP-OFDM 256 QAM
	≤ 6.5


Table 1A. Note 2 DFT-s-OFDM
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Total 

Backoff 

Outer

Total 

Backoff 
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Outer 

MPR[3]

Inner 

MPR[3]

Outer A-

MPR

Inner A-

MPR

15 15 DFT-s-OFDM 64QAM 10.5 11 2.5 2.5 8 8.5

15 15 DFT-s-OFDM 16QAM 11 11 2 1 9 10

15 15 DFT-s-OFDM QPSK 10.5 11 1 0 9.5 11

15 30 DFT-s-OFDM 64QAM 8 8.5 2.5 2.5 5.5 6

15 30 DFT-s-OFDM 16QAM 8.5 8.5 2 1 6.5 7.5

15 30 DFT-s-OFDM QPSK 8.5 8.5 1 0 7.5 8.5

15 60 DFT-s-OFDM 64QAM 7.5 5 2.5 2.5 5 2.5

15 60 DFT-s-OFDM 16QAM 7.5 5 2 1 5.5 4

15 60 DFT-s-OFDM QPSK 8 4 1 0 7 4

20 15 DFT-s-OFDM 64QAM 11.5 11 2.5 2.5 9 8.5

20 15 DFT-s-OFDM 16QAM 11.5 11 2 1 9.5 10

20 15 DFT-s-OFDM QPSK 11 11 1 0 10 11

20 30 DFT-s-OFDM 64QAM 11.5 8.5 2.5 2.5 9 6

20 30 DFT-s-OFDM 16QAM 11.5 8.5 2 1 9.5 7.5

20 30 DFT-s-OFDM QPSK 11 8.5 1 0 10 8.5

20 60 DFT-s-OFDM 64QAM 11.5 6.5 2.5 2.5 9 4

20 60 DFT-s-OFDM 16QAM 11 6 2 1 9 5

20 60 DFT-s-OFDM QPSK 11 5.5 1 0 10 5.5

1932.5

1932.5

1932.5

1930

1930

1930

 
Table 1b. Note 2 CP-OFDM
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Backoff 

Outer

Total 

Backoff 
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MPR[3]

Inner 

MPR[3]

Outer A-

MPR

Inner A-

MPR

15 15 CP-OFDM 64QAM 10.5 10.5 3.5 3.5 7 7

15 15 CP-OFDM 16QAM 10.5 10.5 3 2 7.5 8.5

15 15 CP-OFDM QPSK 10.5 11 3 1.5 7.5 9.5

15 30 CP-OFDM 64QAM 8.5 9 3.5 3.5 5 5.5

15 30 CP-OFDM 16QAM 8.5 8.5 3 2 5.5 6.5

15 30 CP-OFDM QPSK 8.5 9 3 1.5 5.5 7.5

15 60 CP-OFDM 64QAM 7 6 3.5 3.5 3.5 2.5

15 60 CP-OFDM 16QAM 7 6 3 2 4 4

15 60 CP-OFDM QPSK 7 6 3 1.5 4 4.5

20 15 CP-OFDM 64QAM 12 12 3.5 3.5 8.5 8.5

20 15 CP-OFDM 16QAM 12 12 3 2 9 10

20 15 CP-OFDM QPSK 12 12 3 1.5 9 10.5

20 30 CP-OFDM 64QAM 12 9.5 3.5 3.5 8.5 6

20 30 CP-OFDM 16QAM 12 9 3 2 9 7

20 30 CP-OFDM QPSK 12 9 3 1.5 9 7.5

20 60 CP-OFDM 64QAM 12 7.5 3.5 3.5 8.5 4

20 60 CP-OFDM 16QAM 12 7.5 3 2 9 5.5

20 60 CP-OFDM QPSK 12 7.5 3 1.5 9 6

1932.5

1932.5

1932.5

1930

1930

1930


Observation 1: Significant A-MPR for both inner/outer MPR cases are shown with similar levels as give in 4G LTE specification.
Observation 2: Higher SCS tends to have less back-off.

Proposal 1: Use existing back-off spec as LTE for NR cases for NS_05 Note 2.

Table 2A. Note 1 DFT-s-OFDM
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Inner A-

MPR

10 15 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

10 15 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

10 15 DFT-s-OFDM QPSK 1 0 1 0 0 0

10 30 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

10 30 DFT-s-OFDM 16QAM 2 0 2 1 0 0

10 30 DFT-s-OFDM QPSK 1 0 1 0 0 0

10 60 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

10 60 DFT-s-OFDM 16QAM 1.5 0 2 1 0 0

10 60 DFT-s-OFDM QPSK 1 0 1 0 0 0

15 15 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

15 15 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

15 15 DFT-s-OFDM QPSK 1.5 0 1 0 0.5 0

15 30 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

15 30 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

15 30 DFT-s-OFDM QPSK 1 0 1 0 0 0

15 60 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

15 60 DFT-s-OFDM 16QAM 2 0 2 1 0 0

15 60 DFT-s-OFDM QPSK 1 0 1 0 0 0

20 15 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

20 15 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

20 15 DFT-s-OFDM QPSK 1.5 0 1 0 0.5 0

20 30 DFT-s-OFDM 64QAM 3.5 2 2.5 2.5 1 0

20 30 DFT-s-OFDM 16QAM 1.5 0.5 2 1 0 0

20 30 DFT-s-OFDM QPSK 1 0 1 0 0 0

20 60 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

20 60 DFT-s-OFDM 16QAM 2 0 2 1 0 0

20 60 DFT-s-OFDM QPSK 1 0 1 0 0 0

1949.7

1949.7

1949.7

1934.7

1934.7

1934.7

1942.2

1942.2

1942.2


Table 2B. Note 1 CP-OFDM
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Outer A-

MPR

Inner A-

MPR

10 15 DFT-s-OFDM 64QAM 4 4 3.5 3.5 0.5 0.5

10 15 DFT-s-OFDM 16QAM 3 2 3.5 2 0 0

10 15 DFT-s-OFDM QPSK 3 0.5 3.5 1.5 0 0

10 30 DFT-s-OFDM 64QAM 4 3.5 3 3.5 1 0

10 30 DFT-s-OFDM 16QAM 2.5 2 3 2 0 0

10 30 DFT-s-OFDM QPSK 2.5 0.5 3 1.5 0 0

10 60 DFT-s-OFDM 64QAM 3.5 3.5 3 3.5 0.5 0

10 60 DFT-s-OFDM 16QAM 2.5 1.5 3 2 0 0

10 60 DFT-s-OFDM QPSK 2 0 3 1.5 0 0

15 15 CP-OFDM 64QAM 4 4 3.5 3.5 0.5 0.5

15 15 CP-OFDM 16QAM 3 2 3.5 2 0 0

15 15 CP-OFDM QPSK 3 0.5 3.5 1.5 0 0

15 30 CP-OFDM 64QAM 4 3.5 3.5 3.5 0.5 0

15 30 CP-OFDM 16QAM 2.5 2 3.5 2 0 0

15 30 CP-OFDM QPSK 2.5 0.5 3.5 1.5 0 0

15 60 CP-OFDM 64QAM 4 3.5 3.5 3.5 0.5 0

15 60 CP-OFDM 16QAM 2.5 2 3.5 2 0 0

15 60 CP-OFDM QPSK 2.5 0.5 3 1.5 0 0

20 15 CP-OFDM 64QAM 4 3.5 3.5 3.5 0.5 0

20 15 CP-OFDM 16QAM 3 2 3.5 2 0 0

20 15 CP-OFDM QPSK 3 0.5 3.5 1.5 0 0

20 30 CP-OFDM 64QAM 4 3.5 3.5 3.5 0.5 0

20 30 CP-OFDM 16QAM 3 2 3.5 2 0 0

20 30 CP-OFDM QPSK 2.5 0.5 3.5 1.5 0 0

20 60 CP-OFDM 64QAM 4 3.5 3.5 3.5 0.5 0

20 60 CP-OFDM 16QAM 2.5 2 3.5 2 0 0

20 60 CP-OFDM QPSK 2 0.5 3.5 1.5 0 0

1949.7

1949.7

1934.7

1934.7

1934.7

1942.2

1942.2

1942.2

1949.7


Proposal 2:

We propose 1dB A-MPR for Note 1 to cover corner cases.
Table 3A. Note 3 DFT-s-OFDM
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10 15 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

10 15 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

10 15 DFT-s-OFDM QPSK 1 0 1 0 0 0

10 30 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

10 30 DFT-s-OFDM 16QAM 2 0 2 1 0 0

10 30 DFT-s-OFDM QPSK 1 0 1 0 0 0

10 60 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

10 60 DFT-s-OFDM 16QAM 1.5 0 2 1 0 0

10 60 DFT-s-OFDM QPSK 1 0 1 0 0 0

15 15 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

15 15 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

15 15 DFT-s-OFDM QPSK 1.5 0 1 0 0.5 0

15 30 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

15 30 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

15 30 DFT-s-OFDM QPSK 1 0 1 0 0 0

15 60 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

15 60 DFT-s-OFDM 16QAM 2 0 2 1 0 0

15 60 DFT-s-OFDM QPSK 1 0 1 0 0 0

20 15 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

20 15 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

20 15 DFT-s-OFDM QPSK 1.5 0 1 0 0.5 0

20 30 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

20 30 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

20 30 DFT-s-OFDM QPSK 1.5 0 1 0 0.5 0

20 60 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

20 60 DFT-s-OFDM 16QAM 2 0 2 1 0 0

20 60 DFT-s-OFDM QPSK 1 0 1 0 0 0

1950

1950

1950

1945

1945

1945

1947.5

1947.5

1947.5


Table 3B. Note 3 CP-OFDM
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MPR[3]

Outer A-

MPR

Inner A-

MPR

10 15 DFT-s-OFDM 64QAM 3.5 3.5 3.5 3.5 0 0

10 15 DFT-s-OFDM 16QAM 3.5 2 3 2 0.5 0

10 15 DFT-s-OFDM QPSK 3.5 0.5 3 1.5 0.5 0

10 30 DFT-s-OFDM 64QAM 3 3.5 3.5 3.5 0 0

10 30 DFT-s-OFDM 16QAM 3 2 3 2 0 0

10 30 DFT-s-OFDM QPSK 3 0.5 3 1.5 0 0

10 60 DFT-s-OFDM 64QAM 3 3.5 3.5 3.5 0 0

10 60 DFT-s-OFDM 16QAM 3 1.5 3 2 0 0

10 60 DFT-s-OFDM QPSK 3 0 3 1.5 0 0

15 15 CP-OFDM 64QAM 3.5 4 3.5 3.5 0 0.5

15 15 CP-OFDM 16QAM 3.5 2 3 2 0.5 0

15 15 CP-OFDM QPSK 3.5 0.5 3 1.5 0.5 0

15 30 CP-OFDM 64QAM 3.5 3.5 3.5 3.5 0 0

15 30 CP-OFDM 16QAM 3.5 2 3 2 0.5 0

15 30 CP-OFDM QPSK 3.5 0.5 3 1.5 0.5 0

15 60 CP-OFDM 64QAM 3.5 3.5 3.5 3.5 0 0

15 60 CP-OFDM 16QAM 3.5 2 3 2 0.5 0

15 60 CP-OFDM QPSK 3 0.5 3 1.5 0 0

20 15 CP-OFDM 64QAM 3.5 3.5 3.5 3.5 0 0

20 15 CP-OFDM 16QAM 3.5 2 3 2 0.5 0

20 15 CP-OFDM QPSK 3.5 0.5 3 1.5 0.5 0

20 30 CP-OFDM 64QAM 3.5 3.5 3.5 3.5 0 0

20 30 CP-OFDM 16QAM 3.5 2 3 2 0.5 0

20 30 CP-OFDM QPSK 3.5 0.5 3 1.5 0.5 0

20 60 CP-OFDM 64QAM 3.5 3.5 3.5 3.5 0 0

20 60 CP-OFDM 16QAM 3.5 2 3 2 0.5 0

20 60 CP-OFDM QPSK 3.5 0.5 3 1.5 0.5 0

1950

1950

1950

1945

1945

1945

1947.5

1947.5

1947.5


Proposal 3: We propose 1dB A-MPR for 15MHz and 20MHz cases. 0dB A-MPR required for 10MHz case.
Table 4A. Note 4 DFT-s-OFDM
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MPR[3]

Outer A-

MPR

Inner A-

MPR

5 15 DFT-s-OFDM 64QAM 6 0.5 2.5 2.5 3.5 0

5 15 DFT-s-OFDM 16QAM 6 0.5 2 1 4 0

5 15 DFT-s-OFDM QPSK 4.5 0.5 1 0 3.5 0.5

5 30 DFT-s-OFDM 64QAM 4.5 0 2.5 2.5 2 0

5 30 DFT-s-OFDM 16QAM 4 0 2 1 2 0

5 30 DFT-s-OFDM QPSK 4.5 0 1 0 3.5 0

5 15 DFT-s-OFDM 64QAM 2 2 2.5 2.5 0 0

5 15 DFT-s-OFDM 16QAM 2 0.5 2 1 0 0

5 15 DFT-s-OFDM QPSK 1 0 1 0 0 0

5 30 DFT-s-OFDM 64QAM 1.5 2 2.5 2.5 0 0

5 30 DFT-s-OFDM 16QAM 1.5 0.5 2 1 0 0

5 30 DFT-s-OFDM QPSK 0.5 0 1 0 0 0

10 15 DFT-s-OFDM 64QAM 2.5 2.5 0 0

10 15 DFT-s-OFDM 16QAM 2 1 0 0

10 15 DFT-s-OFDM QPSK 1 0 0 0

10 30 DFT-s-OFDM 64QAM 2.5 2.5 0 0

10 30 DFT-s-OFDM 16QAM 2 1 0 0

10 30 DFT-s-OFDM QPSK 1 0 0 0

10 60 DFT-s-OFDM 64QAM 2.5 2.5 0 0

10 60 DFT-s-OFDM 16QAM 2 1 0 0

10 60 DFT-s-OFDM QPSK 1 0 0 0

15 15 DFT-s-OFDM 64QAM 2.5 2.5 0 0

15 15 DFT-s-OFDM 16QAM 2 1 0 0

15 15 DFT-s-OFDM QPSK 1 0 0 0

15 30 DFT-s-OFDM 64QAM 2.5 2.5 0 0

15 30 DFT-s-OFDM 16QAM 2 1 0 0

15 30 DFT-s-OFDM QPSK 1 0 0 0

15 60 DFT-s-OFDM 64QAM 2.5 2.5 0 0

15 60 DFT-s-OFDM 16QAM 2 1 0 0

15 60 DFT-s-OFDM QPSK 1 0 0 0

1925

1927.5

1927.5

1927.5

1922.5

1922.5

1927.5

1927.5

1925

1925


Table 4B. Note 4 CP-OFDM
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Total 
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MPR[3]

Inner 

MPR[3]

Outer A-

MPR

Inner A-

MPR

5 15 DFT-s-OFDM 64QAM 6.5 2 3.5 3.5 3 0

5 15 DFT-s-OFDM 16QAM 6.5 2 3 2 3.5 0

5 15 DFT-s-OFDM QPSK 6.5 2 3 1.5 3.5 0.5

5 30 DFT-s-OFDM 64QAM 5.5 1 3.5 3.5 2 0

5 30 DFT-s-OFDM 16QAM 5.5 1 3 2 2.5 0

5 30 DFT-s-OFDM QPSK 5.5 1 3 1.5 2.5 0

5 15 DFT-s-OFDM 64QAM 3.5 3.5 3.5 2.5 0 1

5 15 DFT-s-OFDM 16QAM 3.5 2 3 1 0.5 1

5 15 DFT-s-OFDM QPSK 3.5 0.5 3 0 0.5 0.5

5 30 DFT-s-OFDM 64QAM 3 3.5 3.5 2.5 0 1

5 30 DFT-s-OFDM 16QAM 3 2 3 1 0 1

5 30 DFT-s-OFDM QPSK 3 0.5 3 0 0 0.5

10 15 DFT-s-OFDM 64QAM 3.5 3.5 0 0

10 15 DFT-s-OFDM 16QAM 3 2 0 0

10 15 DFT-s-OFDM QPSK 3 1.5 0 0

10 30 DFT-s-OFDM 64QAM 3.5 3.5 0 0

10 30 DFT-s-OFDM 16QAM 3 2 0 0

10 30 DFT-s-OFDM QPSK 3 1.5 0 0

10 60 DFT-s-OFDM 64QAM 3.5 2.5 0 0

10 60 DFT-s-OFDM 16QAM 3 1 0 0

10 60 DFT-s-OFDM QPSK 3 0 0 0

15 15 CP-OFDM 64QAM 3.5 3.5 0 0

15 15 CP-OFDM 16QAM 3 2 0 0

15 15 CP-OFDM QPSK 3 1.5 0 0

15 30 CP-OFDM 64QAM 3.5 3.5 0 0

15 30 CP-OFDM 16QAM 3 2 0 0

15 30 CP-OFDM QPSK 3 1.5 0 0

15 60 CP-OFDM 64QAM 3.5 3.5 0 0

15 60 CP-OFDM 16QAM 3 2 0 0

15 60 CP-OFDM QPSK 3 1.5 0 0

1925

1927.5

1927.5

1927.5

1922.5

1922.5

1927.5

1927.5

1925

1925


Proposal 4: 

We propose 4dB A-MPR 5M case at channel edge. 

We propose [TBD] dB A-MPR 10M case at channel edge. 

We propose [TBD] dB A-MPR 15M case at channel edge. 

We propose 1dB A-MPR 5M case at 1927.5MHz for the CP-OFDM case

5. Conclusion
We have outlined for A-MPR for n1and PHS band coexistence for 5M, 10M, 15M, and 20M bandwidth cases.

Proposal 1: Use existing back-off spec as LTE for NR cases for NS_05 Note 2.
Proposal 2: We propose 1dB A-MPR for Note 1 to cover corner cases.
Proposal 3: We propose 1dB A-MPR for 15MHz and 20MHz cases. 0dB A-MPR required for 10MHz case.

Proposal 4: 
We propose 4dB A-MPR 5M case at channel edge. 
We propose [TBD] dB A-MPR 10M case at channel edge. 
We propose [TBD] dB A-MPR 15M case at channel edge. 
We propose 1dB A-MPR 5M case at 1927.5MHz for the CP-OFDM case
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