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Introduction
In this document, we discuss n41 – B40 Coexistence.
Discussion
B41 ISM and Band 40 Coexistence issue
NR band n41 (2496MHz to 2690MHz) lies near ISM band (2402-2478MHz) as well as E-UTRA band 40 (2300-2400MHz). Various filters exist to attenuate emissions in these bands. The proximity of all these bands introduces various filter design challenges. Some vendors have been successful in attenuating the WIFI band except for the region > 2473MHz, which essentially is the skirt of the n41 passband. However, improving the WIFI rejection comes at a cost in terms of insertion loss and a well-known “fly-back” effect that compromises rejection of emissions in Band 40 as shown in Figure 2.1-1. Some vendors do not even specify the B40 emission region, because it is assumed that the coexistence requirement of -50dBm/MHz can be met with the allowed MPR. Table 2.1-1 shows the vendor filter data.
Table 2.1-1: Comparison of available vendor filter data
	Vendor
	Insertion Loss, dB 
	WIFI rejection, dB
	Band 40 rejection, dB

	A
	3.9
	26.1
	11.1

	B
	3.5
	31.5
	9.5

	C
	3.7
	34.3
	1.3

	Note: Rejection is attenuation relative to passband.



Figure 2.1-1: Filter difficulty for both B41 with WIFI and B40 coexistence



Emission due to large TX BW
The “fly-back” effect is not so much of a factor with narrow band signals such as mobile TX with LTE BW <=40MHz such as BW class A, B and C. But, as TXBW grows, as in n41, where TX BW is, 60MHz, 80MHz, and 100MHz, 5th order emissions become prominent, and the allowed MPR is simply not sufficient for the B40 filter rejection even with recent filter technologies designed for mobile to operate with WIFI coexistence in mind. 
Such emissions do not exist in B40 region because the TX channel BW’s considered in LTE BW class C is not large enough to generate IM5 distortion in this region. Only 7th order emissions exist for this BW class, and filtering is not an issue because IM7 products are lower in level. As we increase the BW, then under certain RB configurations, the lack of rejection due to multiple coexistence requirement becomes an issue, where 5th order emissions come into play and the filter rejection in Band 40 is not enough. Table 2.2-1 shows a typical 5th order distortion budget for contiguous and non-contiguous RB allocations assuming 5th order products reach Band 40. As shown in the table, over 13dB of rejection is required to meet 1RB emissions. The culprit is essentially the composite distortion of CIM3 intermodulation with the TX as well as the direct CIM5.
Table 2.2-1: TX Budget for 5th order distortion
	Parameter
	RB allocations

	
	1RB Contiguous (NR BW > 50MHz)
	1RB+1RB+1RB Non-Contiguous (LTE BW Class D)
	1RB+1RB Non-Contiguous (EN-DC)

	TX Power, dBm
	24
	24
	24

	DFT-s-OFDM QPSK MPR, dB
	0.5
	8.5
	TBD

	Composite CIM5, dBc
	-60.5
	-60.5
	-60.5

	IM5, dBc
	N/A
	-45
	-45

	Total IM5D, dBc
	-60.5
	-44.4
	-44.4

	Filter Rejection, dB
	13
	21.1
	TBD



 Proposed Solution using RB restriction
So, either we must introduce A-MPR or use RB restrictions. We choose to use RB restrictions because of the uncertainty of how much A-MPR to use since some variability exists among vendor data to the amount of rejection to apply for B40. 
The simplest method is to restrict the same amount of RB’s until the carrier frequency threshold is reached, as shown in Figure 2.3-1. Such a method unnecessarily restricts RB usage as the carrier frequency approaches the frequency threshold where no IM5 will occur. A compromise, would be to lower the RB restriction in a linearly fashion as the B41 carrier frequency increases further away from B40 edge, also shown in Figure 2.3-1.
Figure 2.3-1: Reducing RB start as a function of Offset frequency to maximize RB usage for suspect carrier frequencies causing 5th order distortion. (BW1 and BW2 are example TX BW’s where BW2 > BW1).






For NR bandwidths > 50MHz (60M, 80M, 90M, 100M), it can be shown that for no IM5 distortion landing in E-UTRA band 40, we need the following relation to hold: 
,
where the Offset is defined from the lower band edge of NR band 41 to the lower channel edge as shown in Figure 2.3-1. Just to note, the above relation yields an integer and is a curve fitted approximation derived from the following theoretical formula.

So, from the top figure, any RB start below the green line has IM5 distortion in Band 40, and any RB start above this line does not have any IM5 distortion in Band 40.
A table of RB start Vs bandwidth and SCS for Offset = 0MHz is shown in table 2.3-1. How RB start reduces as a function of frequency offset V’s BW and SCS is shown in Figure 2.3-2. Note that as SCS increases, the slope of the boundary line reduces.
Observation 1: Applicable for NR bandwidths > 50MHz, this requirement applies for RB start > [1.1 * (BW - Offset/2) - 54] * 30KHz/SCS, where the Offset is defined from 2496MHz to the lower edge of the assigned UL channel bandwidth frequency.

Table 2.3-1: RB start Vs BW and SCS for Offset Frequency = 0MHz
	RB start as a function of BW and SCS

	 
	SCS, KHz

	
	15
	30
	60

	BW, MHz
	100
	N/A
	56
	28

	
	90
	N/A
	46
	22

	
	80
	N/A
	34
	17

	
	60
	22
	13
	6

	
	55
	10
	N/A
	N/A

	
	50
	1
	0
	0








Figure 2.3-2: Restricted RB start boundary Vs Bandwidth, SCS, and Offset Frequency
[image: ]

 Alternative Proposal
Some operators find it unacceptable to restrict RB’s when the coexistence between 2 bands do not have simultaneous or overlapping RX/TX transmission. In other words, B40 and n41 are synchronized. So, in this case, RB restriction is wasteful. However, not all regions support synchronous operation between B40 and n41. We show the situations in Figure 2.4-1. For the synchronous case, no RB restriction is required, but the coexistence requirement must still be met, so it is proposed to relax the requirement to [-40] dBm/MHz for such cases. For the asynchronous case, RB restriction is required to meet the -50dB m/MHz coexistence requirement.
Figure 2.4-1: Coexistence Requirement for Asynchronous Vs Synchronous Case


Proposal: 
For non-simultaneous or non-overlapping TX/RX transmission, the coexistence requirement of [-40] dBm/MHz applies. 
For simultaneous or overlapping TX/RX transmission, RB restriction applies as follows:  Applicable for NR bandwidths > 50MHz, this requirement applies for RB start > [1.1 * (BW - Offset/2) - 54] * 30KHz/SCS, where the Offset is defined from 2496MHz to the lower edge of the assigned UL channel bandwidth frequency.

Conclusion
Proposal: 
For non-simultaneous or non-overlapping TX/RX transmission, the coexistence requirement of [-40] dBm/MHz applies. 
For simultaneous or overlapping TX/RX transmission, RB restriction applies as follows:  Applicable for NR bandwidths > 50MHz, this requirement applies for RB start > [1.1 * (BW - Offset/2) - 54] * 30KHz/SCS, where the Offset is defined from 2496MHz to the lower edge of the assigned UL channel bandwidth frequency.
Reference:
[1] 3GPP TS 38.101-1 TS Ver. 15.3 (2018-09)
Appendix:

1

2

image2.emf
RB start

Offset Frequency from 

low edge of B41

No IM5 Distortion in B40 

for BW1 and BW2

IM5 Distortion in 

B40 in BW1 and 

BW2

IM5 Distortion 

in BW2 but no 

IM5 Distortion 

in BW1

BW2

BW1


oleObject2.bin
No IM5 Distortion in B40 for BW1 and BW2


IM5 Distortion in B40 in BW1 and BW2


IM5 Distortion in BW2 but no IM5 Distortion in BW1


RB start


BW2


BW1


Offset Frequency from low edge of B41



image3.emf
`

B41 edge

B40 edge

Offset

BW

IM5

RBstart

BW


oleObject3.bin
`


B41 edge


B40 edge


Offset


BW


IM5


RBstart


BW



image4.png
BB restricion Vs Ofset Frequency, BW for d1 840 cosxistence Vs BW due
0 composits CIVIS disortion; SCS-60KHz

R resrition s Offset Fraquency, BW for nd1 840 coaxistence Us BW due
<0 composits CIMS cisortion; SCS-30KH:





image5.emf
n41 TX

B40 TX

n41 RX

B40 RX

No TX/RX overlap

Relax Coexistence Requirement to [-40] dBm/MHz

No RB restriction

n41 TX

B40 TX

n41 RX

B40 RX

TX/RX overlap

Keep Coexistence Requirement at -50dBm/MHz

RB restriction for n41


oleObject4.bin
n41 TX


B40 TX


n41 RX


B40 RX


No TX/RX overlap
Relax Coexistence Requirement to [-40] dBm/MHz
No RB restriction


n41 TX


B40 TX


n41 RX


B40 RX


TX/RX overlap
Keep Coexistence Requirement at -50dBm/MHz
RB restriction for n41



image1.emf
B41 Passband

WIFI (ISM band)

Band 40

2496MHz 2690MHz

2480MHz 2402MHz

2400MHz 2300MHz


oleObject1.bin
B41 Passband


WIFI (ISM band)


Band 40


2496MHz


2690MHz


2480MHz


2402MHz


2400MHz


2300MHz



