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1
Introduction
The aim of this document is to propose an additional licensed frequency band that is essential for successful V2X operation in Europe.

2
Discussion
2.1
General

In RAN4#81, a number of licensed frequency bands for the Uu interface for V2X were proposed in R4-1610274. Within that proposal it was requested to add Band 20 to the Uu bands. However, it was agreed to drop that proposal because it was stated that there would potentially be coexistence issues with 5.9GHz band.
It needs to be considered that wide area network connectivity in as many locations as possible is essential for providing reliable V2X services. Band 20 is a very important band for providing LTE coverage in Europe, so it seems equally essential that Band 20 is specified as a Uu band for V2X operation. 
Regarding channel bandwidths, 5MHz, 10MHz, 15MHz, and 20 MHz bandwidths should all be considered for Uu operation, as these bandwidths are defined in TS36.101 today. 
The next section provides an analysis of coexistence Tx and Rx on Band 20 and Band 47.
2.2
Coexistence analysis for Band 20 + Band 47

Table 1 below shows the UE harmonic and IMD analysis for B20 and B47. 

UE harmonics:

There is a 7th order harmonic from Band 20 transmitter that falls into Band 47 UE receiver. The exact level of interference has not been modelled, but this could in theory cause some MSD to Band 47. On the other hand, it needs to be considered that we are typically considering a vehicle (not a smartphone), so Band 47 and Band 20 are very unlikely to use the same antennas, and it should be possible to isolate the antennas from one another more than for a handheld device. Furthermore, Band 47 is being used for “critical road safety” applications, so it is felt that any PCB-level coupling should be something that can be overcome by a more resilient PCB design.

There is also a 6th order IMD product falling from the Band 20 transmitter falling in the ISM band between 5150 and 5172 MHz. However, this is unlicensed spectrum that is anyway susceptible to interference, so self-interference into this band can be accepted.
IMD products

Considering a 20MHz bandwidth for Band 47 (or a 10MHz+10MHz configuration, which may be more the case in Europe – due to 10MHz channelization), then the 2-tone 4th order IMD would actually fall within the Band 20 receive band (in 812-821MHz). However, when the UE is receiving Band 20 in the region of 812-821MHz, the UE would be transmitting in the higher part of Band 20, and therefore the IMD product would not fall into the UE receive channel. Also in any case, even if there were a problem, this should be overcome due to the nature of the device, and the nature of applications used.
Table 1: UE Harmonic and IMD analysis for B20 and B47

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	5855
	5925

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

	2nd harmonics frequency limits (MHz) 
	1664 - 1724
	N/A (higher than 6GHz)

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

	3rd harmonics frequency limits (MHz)
	2496 - 2586
	N/A (higher than 6GHz)

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

	4th harmonics frequency limits (MHz)
	3328 - 3448
	N/A (higher than 6GHz)

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

	5th harmonics frequency limits (MHz)
	4160 - 4310
	N/A (higher than 6GHz)

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

	6th harmonics frequency limits (MHz)
	4992 - 5172
	N/A (higher than 6GHz)

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

	7th harmonics frequency limits (MHz)
	5824 - 6034
	N/A (higher than 6GHz)

	
	
	

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

	IMD frequency limits (MHz)
	4993 – 5093
	6687 – 6787

	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)
	4131 – 4261  
	10848 - 11018

	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)
	7519 - 7649
	12542 - 12712

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	822 – 872 (10MHz BW) 
812 – 882 (20MHz BW)
	5835 – 5945 (20MHz BW)

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	3269 – 3429 
	16703 – 16943 

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

	IMD frequency limits (MHz)
	9986 – 10186 
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	8351 - 8511
	18397 - 18637

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

	IMD frequency limits (MHz)
	13374 – 13574 
	

	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)
	22558 – 22868 
	2407 - 2597

	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)
	15841 – 16111 
	9124 - 9354

	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)
	24252 - 24562
	9183 - 9373

	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)
	17565 - 19499
	14206 - 14436


Table 2: 2UL B20+B47 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	None
	-
	-

	Galileo
	1559
	-
	1591
	None
	-
	

	GLONASS
	1591
	-
	1610
	None
	-
	

	GPS
	1563
	-
	1587
	None
	-
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	None
	US/Europe
	

	
	2400
	-
	2494
	N/A
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	N/A
	US
	

	
	5150
	-
	5350
	5150 - 5172
	Europe
	6th order harmonic of B20

	
	5470
	-
	5725
	None
	
	

	
	5150
	-
	5825
	N/A
	Asia
	


3
Proposed way forward
It is proposed that Band 20 is agreed to be added to the specifications as a Uu band for V2X operation, and that the coexistence analysis provided in this document is included in the TR 36.786.
Annex: Text proposal to add band to TR36.786
4.3.2.1
Operating bands for V2X Communication
V2X Communication is designed to operate in the operating bands defined in Table 4.3.2.1-1.

Table 4.3.2.1-1 V2X operating band over PC5
	V2X Operating Band
	E‑UTRA Operating Band
	V2X UE transmit
	V2X UE receive

	
	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high

	47
	47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 MHz


Table 4.3.2.1-2 V2X operating band over Uu
	V2X Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD


V2X is also designed to operat for MCC operation on the operating band combinations listed in Table 4.3.2.1-3:

Table 4.3.2.1-3: V2X inter-band MCC operation

	V2X MCC Band
	V2X Band
	Interface

	V2X_3_47
	3
	Uu

	
	47
	PC5

	V2X_7_47
	7
	Uu

	
	47
	PC5

	V2X_8_47
	8
	Uu

	
	47
	PC5

	V2X_20_47
	20
	Uu

	
	47
	PC5

	V2X_39_47
	39
	Uu

	
	47
	PC5

	V2X_41_47
	41
	Uu

	
	47
	PC5

	NOTE 1: These scenarios can also cover the concurrent operation between V2X operation and legacy E-UTRA operation in the same UE.
NOTE 2: Whether PC5 is supported in these licensed band could be investaged in future releases.


4.3.2.2
Channel bandwidth for V2X Communication

4.3.2.2.1
Channel bandwidths per operating band for V2X Communication
The V2X Communication channel bandwidths and operating bands are shown in Table 4.3.2.2.1-1. The same (symmetrical) channel bandwidth is specified for both the TX and RX path.
Table 4.3.2.2.1-1 V2X Communciation channel bandwidth

	V2X band / V2X channel bandwidth

	V2X

 Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	47
	
	
	
	Yes
	
	Yes

	3
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	7
	
	
	Yes
	Yes
	Yes
	Yes

	8
	Yes
	Yes
	Yes
	Yes
	
	

	20
	
	
	Yes
	Yes
	Yes
	Yes

	39
	
	
	Yes
	Yes
	Yes
	Yes

	41
	
	
	Yes
	Yes
	Yes
	Yes


4.3.2.2.2
Channel bandwidths per operating band for inter-band MCC operation
For V2X inter-band MCC operation, the V2X Communication channel bandwidths for each operating band is specified in Table 4.3.2.2.2-1.

Table 4.3.2.2.2-1: V2X MCC configurations 

	V2X MCC Configuration 
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum MCC bandwidth [MHz]
	Bandwidth combination set

	V2X_3A-47A
	3
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_7A_47A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_8A-47A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_20A-47A
	20
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_39A-47A
	39
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_41A-47A
	41
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
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