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1 Introduction

In RAN4#76, example combinations on LAA WI were approved.  This contribution provides co-existence studies for them.  However, band definition has not been agreed yet so several patterns should be considered.
2 Discussion
Band plan for 5GHz spectra has been discussed for several meeting cycles but there is no agreement yet.  Co-existence studies should be done after band definition agreement but WI closure will be coming soon.  Therefore, we provide co-existence studies for several cases as follows;
i. Band 42 coexist with whole spectra in 5GHz  (5150 – 5925 MHz)

ii. Band 42 coexist with lower spectra in 5GHz (5150 – 5350 MHz)

iii. Band 42 coexist with upper spectra in 5GHz (5470 – 5925 MHz)
iv. Band 42 coexist with upper and lower spectra in 5GHz (5150 – 5350 and 5470 – 5925 MHz)

· Note that we skip case iv (mixture case of lower and upper spectra in 5GHz) because the case will become complicated.
3 Analysis

3.1 Band 42 coexists with whole spectra in 5GHz
Table 3.1-1 gives harmonics and inter-modulation products for Band 42 and whole 5GHz spectra.  Note that we will use Band X as frequency range 5150 – 5925 MHz just for convenience.
It can be seen that harmonic products of Band 42 will not fall into Band X.

The 2nd order IMD products may fall into BS receive bands of 1, 2, 3, 4, 7, 9, 10, 23, 24, 25, 30, 33, 34, 35, 36, 37, 39, 40 and 41. 
The 3rd order IMD products may fall into BS receive bands of 1, 2, 3, 8, 9, 10, 11, 21, 22, 23, 24, 25, 33, 34, 35, 36, 37, 39, 41 42, 43 and X.  However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 41.  Introduction of Band 42 into North America has been discussed in several meetings so this band might be potentially operated in Region 1, 2 and 3.  Therefore, all of bands should be considered as co-existence candidates of Band 42.  This leaves bands 1, 2, 3, 8, 9, 10, 11, 21, 22, 23, 24, 25, 33, 34, 35, 36, 37, 39, 42, 43 and X to consider for 3rd IMD products.  Considering BS of Band X cannot transmit and receive simultaneously in a single band, the own Band X receiver could be protected.  
It is recommended that Band 42 and X BS transmitters should not share the same antenna with Bands 1, 2, 3, 4, 7, 8, 9, 10, 11, 21, 22, 23, 24, 25, 30, unsynchronized 33, unsynchronized 34, unsynchronized 35, unsynchronized 36, unsynchronized 37, unsynchronized 39, unsynchronized 40, unsynchronized 41, unsynchronized 42 and  unsynchronized 43 BS receivers unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause these band’s BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
Table 3.1-1: Harmonics and IMD products frequency limits (Band 42 and whole 5GHz spectra)

	DL Frequency
	f1_low
	f1_high
	f2_low
	f2_high

	
	3400
	3600
	5150
	5925

	2nd order harmonics
	6800
	7200
	10300
	11850

	3rd order harmonics
	10200
	10800
	15450
	17775

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	
	1550
	2525
	8550
	9525

	3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	
	875
	2050
	6700
	8450

	3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	
	11950
	13125
	13700
	15450

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	2625
	4375
	4950
	6125

	3rd order IMD products 
(1CC in Band 42 and 1CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3380
	3620
	5130
	5945

	3rd order IMD products 

(1CC in Band 42 and 2CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3360
	3640
	5110
	5965

	3rd order IMD products 

(1CC in Band 42 and 3CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3340
	3660
	5090
	5985

	3rd order IMD products 

(1CC in Band 42 and 4CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3320
	3680
	5070
	6005


3.2 Band 42 coexists with lower spectra in 5GHz
Table 3.2-1 gives harmonics and inter-modulation products for Band 42 and lower 5GHz spectra.  Note that we will use Band Y as frequency range 5150 – 5350 MHz just for convenience.

It can be seen that harmonic products of Band 42 will not fall into Band Y.

The 2nd order IMD products may fall into BS receive bands of 1, 2, 3, 4, 9, 10, 24, 25, 33, 35, 36, 37 and 39.
The 3rd order IMD products may fall into BS receive bands of 1, 2, 3, 4, 9, 10, 21, 22, 23, 24, 25, 33, 34, 35, 36, 37, 39, 42, 43 and Y.  Even when the impact of maximum bandwidth is considered, the 3rd order IMD products fall into the BS receive of same bands above.  Introduction of Band 42 into North America has been discussed in several meetings so this band might be potentially operated in Region 1, 2 and 3.  Therefore, all of bands should be considered as co-existence candidates of Band 42.  This leaves bands 1, 2, 3, 4, 9, 10, 21, 22, 23, 24, 25, 33, 34, 35, 36, 37, 39, 42, 43 and Y to consider for 3rd IMD products.  Considering BS of Band Y cannot transmit and receive simultaneously in a single band, the own Band Y receiver could be protected.  
It is recommended that Band 42 and Y BS transmitters should not share the same antenna with Bands 1, 2, 3, 4, 9, 10, 21, 22, 23, 24, 25, unsynchronized 33, unsynchronized 34, unsynchronized 35, unsynchronized 36, unsynchronized 37, unsynchronized 39, unsynchronized 42 and unsynchronized 43 BS receivers unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause these band’s BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
Table 3.2-1: Harmonics and IMD products frequency limits (Band 42 and lower 5GHz spectra)

	DL Frequency
	f1_low
	f1_high
	f2_low
	f2_high

	
	3400
	3600
	5150
	5350

	2nd order harmonics
	6800
	7200
	10300
	11700

	3rd order harmonics
	10200
	10800
	15450
	16050

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	
	1550
	1950
	8550
	8950

	3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	
	1450
	2050
	6700
	7300

	3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	
	11950
	12550
	13700
	14300

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	3200
	3800
	4950
	5550

	3rd order IMD products 

(1CC in Band 42 and 1CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3380
	3620
	5130
	5370

	3rd order IMD products 

(1CC in Band 42 and 2CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3360
	3640
	5110
	5390

	3rd order IMD products 

(1CC in Band 42 and 3CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3340
	3660
	5090
	5410

	3rd order IMD products 

(1CC in Band 42 and 4CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3320
	3680
	5070
	5430


3.3 Band 42 coexists with upper spectra in 5GHz
Table 3.3-1 gives harmonics and inter-modulation products for Band 42 and upper 5GHz spectra.  Note that we will use Band Z as frequency range 5470 – 5925 MHz just for convenience.

It can be seen that harmonic products of Band 42 will not fall into Band Z.

The 2nd order IMD products may fall into BS receive bands of 1, 2, 7, 23, 25, 30, 33, 34, 35, 36, 37, 39, 40 and 41.
The 3rd order IMD products may fall into BS receive bands of 3, 4, 8, 10, 11, 21, 22, 24, 42, 43 and Z.  Even when the impact of maximum bandwidth is considered, the 3rd order IMD products fall into the BS receive of same bands above.  Introduction of Band 42 into North America has been discussed in several meetings so this band might be potentially operated in Region 1, 2 and 3.  Therefore, all of bands should be considered as co-existence candidates of Band 42.  This leaves bands 3, 4, 8, 10, 11, 21, 22, 24, 42, 43 and Z to consider for 3rd IMD products.  Considering BS of Band Z cannot transmit and receive simultaneously in a single band, the own Band Z receiver could be protected.  
It is recommended that Band 42 and Z BS transmitters should not share the same antenna with Bands 1, 2, 3, 4, 7, 8, 10, 11, 21, 22, 23, 24, 25, 30, unsynchronized 33, unsynchronized 34, unsynchronized 35, unsynchronized 36, unsynchronized 37, unsynchronized 39, unsynchronized 40, unsynchronized 41, unsynchronized 42 and unsynchronized 43 BS receivers unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause these band’s BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
Table 3.3-1: Harmonics and IMD products frequency limits (Band 42 and upper 5GHz spectra)

	DL Frequency
	f1_low
	f1_high
	f2_low
	f2_high

	
	3400
	3600
	5470
	5925

	2nd order harmonics
	6800
	7200
	10940
	11850

	3rd order harmonics
	10200
	10800
	16410
	17775

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	
	1870
	2525
	8870
	9525

	3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	
	875
	1730
	7340
	8450

	3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	
	12270
	13125
	14340
	15450

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	2945
	4055
	5270
	6125

	3rd order IMD products 

(1CC in Band 42 and 1CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3380
	3620
	5450
	5945

	3rd order IMD products 

(1CC in Band 42 and 2CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3360
	3640
	5430
	5965

	3rd order IMD products 

(1CC in Band 42 and 3CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3340
	3660
	5410
	5985

	3rd order IMD products 

(1CC in Band 42 and 4CC in 5GHz spectra)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	
	3320
	3680
	5390
	6005


4 Conclusion
We provide co-existence studies between Band 42 and 5GHz spectra.  After agreements on band definition, necessary information on co-existence studies should be captured into TR.
Proposal: Necessary information on co-existence studies should be captured into TR after band definition is agreed in RAN4.

