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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Introduction
UE operating at n41 should coexist with WiFi (ISM band) and E-UTRA at band 40 (B40) and band 30 (B30) at the same time. Due to the proximity of these two bands, the filter design is challenging which may result in the fly-back effect at B40 and B30 as shown in Figure 1.
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	Figure 1: Fly-back effect of RF filter


In R4-1816614 [1], it was agreed to study n41–B40 coexistence assuming asynchronous operation. There are two options
· Option 1: Restrict RB region with no A-MPR
· Option 2: Define A-MPR as a function of RB region and define offset frequency from low band edge for no A-MPR
Option 1 can protect B40, but it reduces spectrum efficiency. On the other hand, option 2 applies A-MPR to protect B40 without restricting RBs. Therefore, option 2 can deliver higher spectrum efficiency.
A-MPR for n41-B40 Coexistence
NR at n41 has larger BW (50MHz – 100MHz) than LTE BW (40MHz). Current MPR is designed to meet the general spurious emission requirement -30dBm/MHz. For contiguous RB allocations and depending on the offset from n41 low band edge, IMD5 for BWs (50-100MHz) and IMD3 for BW 100MHz may fall in B40 and violate the coexistence requirement (-50dBm/MHz for asynchronous transmission). Based on the filter rejection at B40, A-MPR may be needed to meet -50dBm/MHz. Current MPR is sufficient to make IM7 at B40 below -50dBm/MHz (only concerns are for IMD3 and IMD5).
A-MPR Regions
Let us define Offset = (Fc – BW/2 – 2496) MHz which is the frequency offset from low n41 band edge. There are two regions for IMD5 to fall in B40:
1. Region 1: IMD5 due to contiguous RB allocation
In this region, IMD5 falls in B40 due to contiguous RB allocation as shown in Figure 2.
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	Figure 2: IMD5 due to contiguous RB allocation


· Conditions on  and to have this IMD5 in B40:

· In R4-1816229 [2] (option 1), it was proposed to restrict  region for no A-MPR:
· Worst case 

As mentioned earlier, option 1 can protect B40, but it reduces spectrum efficiency. On the other hand, option 2 applies A-MPR to protect B40 without restricting RBs. Therefore, option 2 deliver higher spectrum efficiency.
2. Region 2: IMD5 due to small contiguous RB allocation and the image
In this region, IMD5 falls in B40 due to small contiguous RB allocation and the image as shown in Figure 3. This region is for small LCRB contiguous allocation close to channel edge and A-MPR reduces with offset frequency away from band edge.
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	Figure 3: IMD5 due to small contiguous RB allocation and the image


· Conditions on  and to have this IMD5 in B40:


3. Region 3: IMD3 due to small contiguous RB allocation and the image, only for BW = 100MHz
In this region, IMD3 falls in B40 due to small contiguous RB allocation and the image as shown in Figure 3. This region is for small LCRB contiguous allocation close to channel edge and A-MPR reduces with small offset frequency away from band edge.
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	Figure 3: IMD3 due to small contiguous RB allocation and the image only for BW = 100MHz


· Conditions on  and to have this IMD3 in B40:


Simulation Results:
Simulation assumptions:
· PC3 reference waveform (BW = 20MHz SCS = 15KHz DFT-s-OFDM QPSK 100RB0) is with 0dB MPR at 23dBm maximum output power
· 9.5dB RF filter rejection
· LO leakage = -28dBc
· Image = -28dBc
· CIMD3 = -60dBc
· CIMD5 = -65dBc

Figure 4 shows A-MPR regions needed to satisfy -50dBm/MHz emission requirement for BW = 100MHz with no offset from low n41 band edge. As expected,  there are three regions. The derived boundries of the three regions is enough to protect B40. For any undefined region, MPR is sufficient to meet -50dBm/MHz. Figure 5 shows that with frquency offset from low n41 band edge > 4MHz region 3 vanishes since IMD3 falls outside B40. Figures 6-9 show the A-MPR regions for BWs (50-90MHz).
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	Figure 4
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	Figure 5
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	Figure 6
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	Figure 7
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	Figure 8
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	Figure 9



A-MPR for n41-B40 Coexistence Proposal:
	Table 1

	BW
	Offset from low n41 band edge
	Region 1 
	Region 2
	Region 3

	
	
	RBstart
	A-MPR
	RBstart
	LCRB
	A-MPR
	RBstart
	LCRB
	A-MPR

	50MHz
	≤1.2MHz
	≤2LCRB -     (96+Offset)MHz/12/SCS
	A1
	_____
	_____
	_____
	_____
	_____
	_____

	60MHz
	≤20.64MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A2
	_____
	_____
	_____
	_____
	_____
	_____

	80MHz
	≤60.24MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A3
	≤(64-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6
	_____
	_____
	_____

	90MHz
	≤80.4MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A4
	≤(84-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6
	_____
	_____
	_____

	100MHz
	≤94MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A5
	≤(104-Offset) MHz/5/12/SCS
>(4-Offset) MHz/3/12/SCS
	≤1.44 MHz/12/SCS
	A6
	≤(4-Offset) MHz/3/12/SCS
	8.64 MHz/12/SCS
	A7

	NOTE 1:  Offset = (Fc – BW/2 – 2496) MHz, where Fc is carrier center frequency in MHz.
NOTE 2: The A-MPR values are listed in Table 2.
NOTE 3: For any undefined region, MPR applies.


Based of our analysis and simulation results, we propose the following A-MPR table for n41-B40 coexistence:
	Table 2

	
	A-MPR (dB)

	
	A1
	A2
	A3
	A4
	A5
	A6
	A7

	DFT-s-OFDM
	BPSK
	1
	1
	2
	2
	2.5
	1.5
	5.5

	
	QPSK
	1
	1.5
	3
	3
	3.5
	2
	6.5

	
	16QAM
	1.5
	2
	3.5
	3.5
	4
	2.5
	6.5

	
	64QAM
	1.5
	2
	3.5
	3.5
	4
	2.5
	6.5

	
	256QAM
	1.5
	2
	3.5
	3.5
	4
	2.5
	6.5

	CP-OFDM
	QPSK
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	
	16QAM
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	
	64QAM
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	
	256QAM
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	NOTE 1: The backoff applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1.











Study Case for n41-B40 Coexistence in China:
In China, n41 is used from 2515-2675MHz which has 115MHz frequency distance from B40. Therefore, with BW = 100MHz, no IMD3 will fall in B40. Also, with BW = 50MHz, no IMD5 will fall in B40. The only concerns will be IMD5 for BWs (60-100MHz). Therefore, A-MPR needed for n41-B40 coexistence in China will be as in Tables 3-4.
	Table 3

	BW
	Offset from low n41 band edge
	Region 1 
	Region 2

	
	
	RBstart
	A-MPR
	RBstart
	LCRB
	A-MPR

	60MHz
	≤20.64MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A2
	_____
	_____
	_____

	80MHz
	≤60.24MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A3
	≤(64-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6

	90MHz
	≤80.4MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A4
	≤(84-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6

	100MHz
	≤79MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A5
	≤(104-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6

	NOTE 1:  Offset = (Fc – BW/2 – 2496) MHz, where Fc is carrier center frequency in MHz.
NOTE 2: The A-MPR values are listed in Table 4.
NOTE 3: For any undefined region, MPR applies.


	Table 4

	
	A-MPR (dB)

	
	A2
	A3
	A4
	A5
	A6

	DFT-s-OFDM
	BPSK
	1
	2
	2
	2.5
	1.5

	
	QPSK
	1.5
	3
	3
	3.5
	2

	
	16QAM
	2
	3.5
	3.5
	4
	2.5

	
	64QAM
	2
	3.5
	3.5
	4
	2.5

	
	256QAM
	2
	3.5
	3.5
	4
	2.5

	CP-OFDM
	QPSK
	3.5
	4.5
	5
	5
	2.5

	
	16QAM
	3.5
	4.5
	5
	5
	2.5

	
	64QAM
	3.5
	4.5
	5
	5
	2.5

	
	256QAM
	3.5
	4.5
	5
	5
	2.5

	NOTE 1: The backoff applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1.



A-MPR for n41-B30 Coexistence
For regions where E-UTRA is supported at B40 and B30, A-MPR of n41-B40 coexistence is sufficient to ensure n41-B30 coexistence as well. This is since B30 is part of B40.
For regions where E-UTRA is not supported at B40 but supported at B30, A-MPR of n41-B40 is more than what is needed for n41-B30 coexistence (since n41 and B40 are 96MHz away from each other, while n41 and DL B30 are 136MHz away from each other). Therefore, we study A-MPR for n41-B30 coexistence as well in this section.
A-MPR Regions
Let us define Offset = (Fc – BW/2 – 2496) MHz which is the frequency offset from low n41 band edge. Due to the 136MHz frequency separation between n41 and B30 DL, there are only two possible IMD regions to study.
1. Region 1: IMD5 due to contiguous RB allocation
In this region, IMD5 falls in B30 due to contiguous RB allocation as shown in Figure 2.
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	Figure 10: IMD5 due to contiguous RB allocation


· Conditions on  and to have this IMD5 in B30:

2. Region 2: IMD5 due to small contiguous RB allocation and the image
In this region, IMD5 falls in B40 due to small contiguous RB allocation and the image as shown in Figure 11. This region is for small LCRB contiguous allocation close to channel edge and A-MPR reduces with offset frequency away from band edge.
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	Figure 11: IMD5 due to small contiguous RB allocation and the image


· Conditions on  and to have this IMD5 in B30:


Simulation Results:
Simulation assumptions: the same simulation assumptions of section 2.2 are used in this section.

Figure 12-14 show A-MPR regions needed to satisfy -50dBm/MHz emission requirement. The derived boundries of the three regions is enough to protect B30. For any undefined region, MPR is sufficient to meet -50dBm/MHz.
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	Figure 12
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	Figure 13
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	Figure 14


A-MPR for n41-B30 Coexistence Proposal:
Based of our analysis and simulation results, we propose the following A-MPR table for n41-B30 coexistence:
	Table 5

	BW
	Offset from low n41 edge
	Region 1
	Region 2

	
	
	RBstart
	A-MPR
	RBstart
	LCRB
	A-MPR

	80MHz
	≤20.24MHz
	≤2LCRB - (136+Offset)MHz/12/SCS
	A1
	_____
	_____
	_____

	90MHz
	≤40.4MHz
	≤2LCRB - (136+Offset)MHz/12/SCS
	A2
	_____
	_____
	_____

	100MHz
	≤60.56MHz
	≤2LCRB - (136+Offset)MHz/12/SCS
	A3
	≤(64-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A4

	NOTE 1:  Offset = (Fc – BW/2 – 2496) MHz, where Fc is carrier center frequency in MHz.
NOTE 2: The A-MPR values are listed in Table 6.
NOTE 3: For any undefined region, MPR applies.


	Table 6

	 
	A-MPR (dB)

	
	A1
	A2
	A3
	A4

	DFT-s-OFDM
	BPSK
	1
	1
	1.5
	1.5

	
	QPSK
	1
	1.5
	2
	2

	
	16QAM
	1.5
	2
	2.5
	2.5

	
	64QAM
	1.5
	2
	2.5
	2.5

	
	256QAM
	1.5
	2
	2.5
	2.5

	CP-OFDM
	QPSK
	2.5
	3
	3.5
	2.5

	
	16QAM
	2.5
	3
	3.5
	2.5

	
	64QAM
	2.5
	3
	3.5
	2.5

	
	256QAM
	2.5
	3
	3.5
	2.5

	NOTE 1: The backoff applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1.




Summary
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper, we studied A-MPR needed for n41-B40 coexistence and A-MPR needed for n41-B30 coexistence.
· For n41-B40 coexistence, we proposed the following A-MPR tables:
	Table 1

	BW
	Offset from low n41 band edge
	Region 1 
	Region 2
	Region 3

	
	
	RBstart
	A-MPR
	RBstart
	LCRB
	A-MPR
	RBstart
	LCRB
	A-MPR

	50MHz
	≤1.2MHz
	≤2LCRB -     (96+Offset)MHz/12/SCS
	A1
	_____
	_____
	_____
	_____
	_____
	_____

	60MHz
	≤20.64MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A2
	_____
	_____
	_____
	_____
	_____
	_____

	80MHz
	≤60.24MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A3
	≤(64-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6
	_____
	_____
	_____

	90MHz
	≤80.4MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A4
	≤(84-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6
	_____
	_____
	_____

	100MHz
	≤94MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A5
	≤(104-Offset) MHz/5/12/SCS
>(4-Offset) MHz/3/12/SCS
	≤1.44 MHz/12/SCS
	A6
	≤(4-Offset) MHz/3/12/SCS
	8.64 MHz/12/SCS
	A7

	NOTE 1:  Offset = (Fc – BW/2 – 2496) MHz, where Fc is carrier center frequency in MHz.
NOTE 2: The A-MPR values are listed in Table 2.
NOTE 3: For any undefined region, MPR applies.


	
Table 2

	
	A-MPR (dB)

	
	A1
	A2
	A3
	A4
	A5
	A6
	A7

	DFT-s-OFDM
	BPSK
	1
	1
	2
	2
	2.5
	1.5
	5.5

	
	QPSK
	1
	1.5
	3
	3
	3.5
	2
	6.5

	
	16QAM
	1.5
	2
	3.5
	3.5
	4
	2.5
	6.5

	
	64QAM
	1.5
	2
	3.5
	3.5
	4
	2.5
	6.5

	
	256QAM
	1.5
	2
	3.5
	3.5
	4
	2.5
	6.5

	CP-OFDM
	QPSK
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	
	16QAM
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	
	64QAM
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	
	256QAM
	2.5
	3.5
	4.5
	5
	5
	2.5
	8

	NOTE 1: The backoff applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1.



	Table 3

	BW
	Offset from low n41 band edge
	Region 1 
	Region 2

	
	
	RBstart
	A-MPR
	RBstart
	LCRB
	A-MPR

	60MHz
	≤20.64MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A2
	_____
	_____
	_____

	80MHz
	≤60.24MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A3
	≤(64-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6

	90MHz
	≤80.4MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A4
	≤(84-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6

	100MHz
	≤94MHz
	≤2LCRB - (96+Offset)MHz/12/SCS
	A5
	≤(104-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A6

	NOTE 1:  Offset = (Fc – BW/2 – 2496) MHz, where Fc is carrier center frequency in MHz.
NOTE 2: The A-MPR values are listed in Table 4.
NOTE 3: For any undefined region, MPR applies.


· For n41-B40 coexistence in China, we proposed the following A-MPR tables:








	Table 4

	
	A-MPR (dB)

	
	A2
	A3
	A4
	A5
	A6

	DFT-s-OFDM
	BPSK
	1
	2
	2
	2.5
	1.5

	
	QPSK
	1.5
	3
	3
	3.5
	2

	
	16QAM
	2
	3.5
	3.5
	4
	2.5

	
	64QAM
	2
	3.5
	3.5
	4
	2.5

	
	256QAM
	2
	3.5
	3.5
	4
	2.5

	CP-OFDM
	QPSK
	3.5
	4.5
	5
	5
	2.5

	
	16QAM
	3.5
	4.5
	5
	5
	2.5

	
	64QAM
	3.5
	4.5
	5
	5
	2.5

	
	256QAM
	3.5
	4.5
	5
	5
	2.5

	NOTE 1: The backoff applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1.



· For regions where E-UTRA is supported at B40 and B30, A-MPR of n41-B40 coexistence is sufficient to ensure n41-B30 coexistence as well. This is since B30 is part of B40.
· For regions where E-UTRA is not supported at B40 but supported at B30, A-MPR of n41-B40 is more than what is needed for n41-B30 coexistence (since n41 and B40 are 96MHz away from each other, while n41 and DL B30 are 136MHz away from each other).
· For n41-B30 coexistence, we proposed the following A-MPR tables:
	Table 5

	BW
	Offset from low n41 edge
	Region 1
	Region 2

	
	
	RBstart
	A-MPR
	RBstart
	LCRB
	A-MPR

	80MHz
	≤20.24MHz
	≤2LCRB - (136+Offset)MHz/12/SCS
	A1
	_____
	_____
	_____

	90MHz
	≤40.4MHz
	≤2LCRB - (136+Offset)MHz/12/SCS
	A2
	_____
	_____
	_____

	100MHz
	≤60.56MHz
	≤2LCRB - (136+Offset)MHz/12/SCS
	A3
	≤(64-Offset) MHz/5/12/SCS
	≤1.44 MHz/12/SCS
	A4

	NOTE 1:  Offset = (Fc – BW/2 – 2496) MHz, where Fc is carrier center frequency in MHz.
[bookmark: _GoBack]NOTE 2: The A-MPR values are listed in Table 6.
NOTE 3: For any undefined region, MPR applies.


	Table 6

	 
	A-MPR (dB)

	
	A1
	A2
	A3
	A4

	DFT-s-OFDM
	BPSK
	1
	1
	1.5
	1.5

	
	QPSK
	1
	1.5
	2
	2

	
	16QAM
	1.5
	2
	2.5
	2.5

	
	64QAM
	1.5
	2
	2.5
	2.5

	
	256QAM
	1.5
	2
	2.5
	2.5

	CP-OFDM
	QPSK
	2.5
	3
	3.5
	2.5

	
	16QAM
	2.5
	3
	3.5
	2.5

	
	64QAM
	2.5
	3
	3.5
	2.5

	
	256QAM
	2.5
	3
	3.5
	2.5

	NOTE 1: The backoff applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1.










References
[1] R4-1700303, WF n41 – B40 Coexistence, Qualcomm Incorporated, 3GPP TSG-RAN WG4 Meeting #89, Spokane, USA, November 12-16, 2018.
[2] R4-1816229, n41 – B40 Coexistence, Qualcomm Incorporated, 3GPP TSG-RAN WG4 Meeting #89, Spokane, USA, November 12-16, 2018.
Page 14
image3.png
BW
—

B40 (100MHz) 96MHz n41(194MHz)




image4.png
BW=100MHz
—

B40 (100MHz) 96MHz n41(194MHz)




image5.jpg
sub6MPRResults_BW100MHz_SCS30KHz_CP-OFDM_QPSK OffsetOMHz

MPR is sufficient to cover this region





image6.jpg
sub6MPRResults_BW100MHz_SCS30KHz_CP-OFDM_QPSK Offset10MHz

MPR is sufficient to cover this region

150
RBstart





image7.jpg
sub6MPRResults_BW90MHz_SCS30KHz_CP-OFDM_QPSK OffsetOMHz

MPR is sufficient to cover this region





image8.jpg
sub6MPRResults_BW80MHz_SCS30KHz_CP-OFDM_QPSK_OffsetOMHz





image9.jpg
sub6MPRResults_BW60MHz_SCS30KHz_CP-OFDM_QPSK_OffsetOMHz





image10.jpg
sub6MPRResults_BW50MHz_SCS30KHz_CP-OFDM_QPSK_OffsetOMHz





image11.png
BW
—

. i Offset
I — _.i.

R H
B30 DL (10MHz2) 136MHz n41(194MHz)




image12.png
BW
—

u Li |

B30 DL (10MHz2) 136MHz n41(194MHz)




image13.jpg
sub6MPRResults_BW100MHz_SCS30KHz_CP-OFDM_QPSK_OffsetOMHz





image14.jpg
sub6MPRResults_BW90MHz_SCS30KHz_CP-OFDM_QPSK_OffsetOMHz

sufficient to cover





image15.jpg
sub6MPRResults_BW80MHz_SCS30KHz_CP-OFDM_QPSK_OffsetOMHz





image1.png
2496MHz n41 2690MHz

B40

2300MHz 2400MHz Filter Rejection

2402MHz 248

2350MHz 23 2360MHz




image2.png
BW
—

H —

B40 (100MHz) 96MHz n41(194MHz)




