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1. Introduction

In RAN #75 meeting, new work item on V2X had been approved [1]. In this contribution, we provide the harmonics and IMD analysis based on band 5 and band 47. Band 5 has nation-wide coverage in SK telecom’s network and there is no critical issue on this V2X combination. This contribution suggest analysis on band combination to add band 5 as one of the licensed band into concurrent operation of LTE Uu band and PC5 band(band 47).
2. Discussion 

The analysis of harmonics for band 5 and band 47 are listed in table 1 below. Harmonics of band 47 will be above 5GHz spectrum and will not affect to LTE bands. However 7th harmonics of band 5 will fall into band 47.
Table 1: Harmonic analysis for B5 and B47
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	5855
	5925

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	11710
	11850

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2472
	2547
	17565
	17775

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz) 
	3296
	3396
	23420
	23700

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	4120
	4245
	29275
	29625

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6* fy_low
	6* fy_high

	6th harmonics frequency limits (MHz)
	4944
	5094
	35130
	35550

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7* fy_low
	7* fy_high

	7th harmonics frequency limits (MHz) 
	5768
	5943
	40985
	41475

	8th harmonics frequency limits
	8*fx_low
	8*fx_high
	8* fy_low
	8* fy_high

	8th harmonics frequency limits (MHz)
	6592
	6792
	46840
	47400


The IMD analysis of band 5 and band 47 are listed in table 2 below.  According to the analysis, there is no IMD falling into band 5 and band 47. Hence, there is no IMD issue caused by the combination of band 5 and band 47.
Table 2: IMD analysis for B5 and B47
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	5855
	5925

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	11710
	11850

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2472
	2547
	17565
	17775

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	5006
	5101
	6679
	6774

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	4277
	4157
	10861
	11026

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	7503
	7623
	12534
	12699

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	3453
	3308
	16716
	16951

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	8327
	8472
	18389
	18624

	Two-tone 4th order IMD products
	|2*fx_low – 2*fy_high|
	|2*fx_high – 2*fy_low|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	10202
	10012
	10062
	10152

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	22876
	22571
	2459
	2629

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	24244
	24549
	9151
	9321

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	16127
	15867
	9163
	9378

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	19213
	19473
	14182
	14397


3. Conclusions

In this contribution, we provided our harmonic and IMD analysis for band 5 and band 47, which show that the combination of these two band will affect to band 47 with 7th harmonics. However, we can consider to use trap filter to mitigate harmonic product into band 47. Hence it is proposed to introduce band 5 as one of the V2X inter-band MCC operation bands with no critical issues.
Observation 1 : 7th harmonics will fall into band 47 but it is able to protect with trap filter.

Proposal : It is proposed to introduce band 5 as one of the V2X inter-band MCC operation bands.
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