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1. Introduction

In RAN #72 meetings, the new LTE-based V2X WID had approved to support UE maximum transmission power up to 33dBm for PC5 in 5855MHz ~5925MHz.
In this contribution, we provide our view how to treat the high power vehicle for LTE-based V2X service based on current supporting RF components (Switch, Filter, Power Amplifier and vehicle antenna) in ITS spectrum. 
2. The regulations of transmission power in ITS spectrum
In Europe and US, the maximum output power up to 33dBm of EIRP (Effective or Equivalent Isotropic Radiated Power) is allowed for commercial ITS service in 5850-5925MHz as shown in Table 1. The EIRP is the amount of radiated power of isotropic antenna and typically peak power density measured in direction of maximum antenna gain. However, EIRP includes conducted RF power and antenna gain which is not in line with LTE UE Tx RF requirements, since 3GPP has defined only the maximum conducted power at antenna connector. So the antenna gain term is not test scope for UE conformance test, hence RAN4 has assumed the antenna gain as 0dBi in UE RF characteristics so far. This is only covered in OTA test requirements in 3GPP LTE specification. 

Table 1 Maximum transmit power classification of DSRC UE
	Region / Frequency range
	Max. output power (e.i.r.p)
	Power spectral density (e.i.r.p)

	EU: 5855-5925MHz
	RF output power shall not exceed 33dBm
	PSD shall not exceed 23dBm/MHz 

	US: 5850-5925MHz
	Power class A
	0dBm      (   23dBm (e.i.r.p) :

- Need 23dB Antenna Gain
	· PSD 0dBr/100kHz in transmitted channel

· Spectrum emission mask requirements according to the Power class as shown in Table 2

	
	Power class B
	10dBm    (   23dBm (e.i.r.p):

- Need 13dB Antenna Gain
	

	
	Power class C
	20dBm    (   33dBm (e.i.r.p)

- Need 13dB Antenna Gain
	

	
	Power class D
	28.8dBm  (   33dBm (e.i.r.p): 
- Usage: Non-government
- Need 4.2dB Antenna Gain
28.8dBm ( 44.8 dBm (e.i.r.p): 
- Usage: Only Government
	


Table 2 shows the unwanted emission requirements in ITS spectrum in Europe and US. The measurement of transmit channel bandwidth is 100 kHz resolution
Table 2 Spectrum mask for 10MHz channel Bandwidth in ITS spectrum 
	Region / Frequency range
	RF output power (e.i.r.p)
	Permitted power spectral density(dBr) according to  Frequency offset

	EU: 5855-5925MHz
	
	(4.5MHz offset
	(5.0MHz offset
	(5.5MHz offset
	(10.0MHz offset
	(15.0MHz offset

	
	33dBm 
	0
	-26
	-32
	-40
	-50

	US: 5850-5925MHz
	
	(4.5MHz offset
	(5.0MHz offset
	(5.5MHz offset
	(10.0MHz offset
	(15.0MHz offset

	
	Power class A
	0
	-10
	-20
	-28
	-40

	
	Power class B
	0
	-16
	-20
	-28
	-40

	
	Power class C
	0
	-26
	-32
	-40
	-50

	
	Power class D
	0
	-35
	-45
	-55
	-65


From above analysis, V2X UE shall not exceed 33dBm of output power within total transmitted channel bandwidth and shall not exceed some PSD (Power Spectral Density) regulation such as SEM requirements according to the power class and 23dBm/MHz PSD requirement in transmitted channel during transmitted bursts. 

For further study of LTE V2X, we can take a look similar service in ITS spectrum such as DSRC. Most commonly DSRC UE in power class C uses conducted maximum output power of 20dBm in US, which is much less than that of LTE UE in Band 46. One consideration point is that how much radiated power from commercial DSRC UE supporting 33dBm of power class C depends on the characteristics of DSRC RF components such as gain of antenna and available output power of power amplifier in 5.9GHz. 

In next sub-section, we show the characteristics of RF components for DSRC UE in ITS spectrum.
2.1 Power amplifier for V2X service in ITS spectrum
RF characteristics of commercial PA in DSRC UE application are summarized in Table 3.
Table 3 Power amplifiers characteristics of DSRC UE for V2X service in ITS spectrum 
	Maker
	Saturated Pout [dBm]
	Supported freq.
	EVM, Gain
	Typical Vcc, CH BW

	Vendor A
	23
	4.9 to 5.9GHz
	2.5%, 30dB
	3.3V, 20MHz

	Vendor B
	25
	4.9 to 5.925GHz
	3%, 33dB
	5V, 20MHz

	Vendor B
	26
	4.9 to 5.925GHz
	3.15%, 32dB
	5V, 20MHz

	Vendor C
	26
	5GHz
	3%, 32dB
	5V, 20MHz


These PA model are applicable for both of commercial DSRC UE and WLAN UE in 5GHz. When we consider 3dB front-end (FE) loss in vehicle, then the maximum output power in antenna connector will be 26 - 3 = 23dBm that can meet the regulation in ITS spectrum with some margin in US for power class C UE. 
Hence, the output power of common PAs for DSRC UE with power class C is less or equal to 23dBm when 3dB FE loss are considered for V2X vehicle in ITS spectrum.
For DSRC UE in Europe or power class D UE in US, the available conducted power is 23dBm as the max power, when consider the current PA characteristics, 3dB FE loss and regional regulations.

Hence the maximum output power of DSRC UE is observed as below 

Observation1: When consider the regional regulation and commercial PAs, the maximum conducted output power of DSRC UE at antenna connector is less than 23dBm.
2.2 Antenna characteristics for V2X service in ITS spectrum
The technical trend of vehicle antenna is to support multi-band and multi-mode for cellular, GPS, Wi-Fi and DSRC within one antenna. Generally, tri or quad band has been deployed in DSRC market. 
Table 4 Antenna performance of DSRC UE for V2X service in ITS spectrum 
	Maker
	Type
	Supported mode
	Antenna Gain in 5.9GHz [dB]
	Comment

	Vendor A
	Shark
	GPS, GSM/LTE, WiFi, ITS
	5dBi
	

	Vendor A
	Stick
	ITS
	6dBi~ 12dBi
	Ant. Length: Up to 45.7cm

	Vendor B
	Patch
	ITS
	6dBi
	

	Vendor C
	Stick
	ITS
	5dBi
	Ant. Length: 30cm

	Vendor D
	Shark
	GPS, WiFi, ITS
	5dBi
	


From the summarized Table 4, nominal antenna gain is about 5~6dB and some of long type stick antenna can provide higher gain compare to multi-band shark antenna.

Hence, we can expect the maximum output power (e.i.r.p) of DSRC vehicle might be about 28~29 dBm in ITS spectrum from commercial PA component and antenna characteristics. 
Observation2: The maximum output power (e.i.r.p) of DSRC vehicle is about 28~29 dBm using commercial PA and antenna. 
Therefore, it is not common understanding to consider maximum 33dBm output power for DSRC vehicle in real field. 

Proposal 1: RAN4 should consider the current states of art technology of RF components for specifying maximum output power of LTE-based V2X UE.
3. Specification aspect to support 33dBm maximum power of LTE-based V2X UE
From the current RF component characteristics, we can see the maximum output power of DSRC vehicle in ITS spectrum is 23dBm in conducted mode that is similar to legacy LTE UE.
Also, specifying and measuring maximum power based on EIRP is quite difficult especially for vehicle and there is no consistence with legacy LTE system.

So basic principle to define 33dBm vehicle UE in ITS spectrum is that follow the legacy maximum power definition as a conducted test mode with the assumption of antenna gain as up to 6dBi not 0dBi.

For the adjacent coexistence evaluation, RAN4 should verify the high power impacts in ITS spectrum. Then the determined ACLR and ACS levels for LTE-based V2X UE in ITS spectrum will be applied for V2X UE power class with positive antenna gain.
From these analysis, we propose as below

Proposal 2: RAN4 should keep the conducted test methodology for LTE-based V2X UE RF requirements considering the positive antenna gain.
For the specification aspect of LTE-based V2X UE, we show 4 candidates options to support up to 33dBm maximum output power based on conducted test mode.

· Candidate solution to support high power LTE-based V2X UE
· Option1: Power class 3 (23dBm) + antenna gain (up to 6dBi) 

· Pros: Easy to specify, follow legacy Tx RF requirements, except ACLR and ACS
· Cons: No benefits compare to DSRC UE as competition aspect

· Option2: Power class 2 (26dBm) + antenna gain (up to 6dBi)

· Pros: Easy to specify, follow legacy Tx RF requirements, except ACLR and ACS, support higher output power compare to DSRC UE
· Cons: Need technical support to satisfy the 26dBm output power in ITS spectrum
· Option3: Power class 1 (31dBm) + antenna gain (up to 2dBi)

· Pros: Easy to specify, follow legacy Tx RF requirements, except ACLR and ACS, support higher output power compare to DSRC UE
· Cons: Need high gain PA module in ITS spectrum (difficult considering current state of art technology)
· Option4 : new power class X (28dBm) + antenna gain (up to 5dBi)
· Same with Option3
In the candidate options, we prefer option1 and option2 since these solutions are easy to specify and almost same with DSRC UE as technical aspect. Option2 is more competitive with DSRC UE in ITS spectrum since it can support higher maximum output power. Option 3 and option 4 are quite aggressive to achieve high gain PA module in ITS spectrum.
Based on above analysis, we propose as below,

Proposal 3: RAN4 can support high power LTE-based V2X UE with legacy power class 2 or 3 considering with up to 6dB antenna gain.
4. Conclusions


In this contribution we shared our view how to treat the high power LTE-based V2X UE in ITS spectrum. From the analysis, we propose RAN4 keep the conducted test methodology for V2X UE RF requirements considering the positive antenna gain in ITS spectrum.
Observation1: When consider the regional regulation and commercial PAs, the maximum conducted output power of DSRC UE at antenna connector is less than 23dBm.
Observation2: The maximum output power (e.i.r.p) of DSRC vehicle is about 28~29 dBm using commercial PA and antenna. 
Based on the observations, we proposed as follow
Proposal 1: RAN4 should consider the current states of art technology of RF components for specifying maximum output power of LTE-based V2X UE.

Proposal 2: RAN4 should keep the conducted test methodology for LTE-based V2X UE RF requirements considering the positive antenna gain.
Proposal 3: RAN4 can support high power LTE-based V2X UE with legacy power class 2 or 3 considering with up to 6dB antenna gain.
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