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1 Introduction
In the last RAN Plenary #71, detail WI scopes and objectives on V2V services were redefined and agreed [1]. In reived WID, RAN4 should study for the adjacent channel coexistence evaluation with ITS systems at 5.9GHz to satisfy the current regulatory requirements in each regions. In this contribution, we provide an operating band plan for V2V services. The agreed WF on the operating band plan in unlicensed band as below [2]
· Agreed Way Forward 

· In licensed bands, RAN WG4 includes specific operating bands based on the current E-UTRA bands.
· RAN4 encourage operators to submit proposals
· RAN WG4 to study two options for V2V service for unlicensed band operation.
· Reuse Band 46
· Define a new band
2 Band regulation for V2V Services at 5.9GHz
In Europe and US, they define the maximum output power up to 33dBm for commercial ITS service in 5850-5925MHz. They consider e.i.r.p based maximum output power with some antenna gain as shown in Table 1[3][4]. However this approach is not match to LTE UE Tx RF requirements since 3GPP only define the minimum Tx requirements at antenna connectors. So the antenna gain term is not test scope for UE conformance test, hence RAN4 assume the antenna gain as 0dBi in UE RF characteristics. This is only covered in OTA test requirements. 
Table 1 Maximum ITS UE transmit power classification
	Region / Frequency range
	RF output power (e.i.r.p)

	EU: 5855-5925MHz
	33dBm 

23dBm for G5-SCH2 and SCH3

0dBm for G5-SCH4

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

Ant. Gain 23dB

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

Ant. Gain 13dB 

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

Ant. Gain 13dB

	
	Power class D
	28.8dBm       (   33dBm (e.i.r.p): Non-government

28.8dBm      (  44.8 dBm (e.i.r.p): Government

Ant. Gain up to 16dB


Figure 1[1] is shown the ETSI channel allocation in ITS operating frequency. ETSI consider maximum 33dBm output power (e.i.r.p) UE for ITS service in Europe. And a specific channels i.e. G5-SCH2 and G5-SCH3 only allow the 23dBm as maximum output power (e.i.r.p).
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Figure1: ETSI channel allocation in 5.9GHz for V2X services

Hence the unwanted emission requirements in transmitter are applied different level to each ITS channel or UE power class. The Table2 show the unwanted emission requirements in Europe and US [3][4].

Table 2 Unwanted emission limits in ITS bands
	Region / Frequency range
	RF output power (e.i.r.p)
	Frequency offset (adjust ETSI regulation to compare two region)

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

	
	33dBm 
	0
	-26
	-32
	-40
	-50

	
	23dBm  (G5-SCH2 and SCH3)
	0
	-16
	-22
	-30
	-40

	
	0dBm  (G5-SCH4)
	0
	7
	1
	-7
	-17

	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


The unwanted emission limits for 33dBm power UE in Europe exactly same with those requirements for Power class C UE in US. And the emission limits of 23dBm power class in EU and those of Power class B UE in US are quite similar between two regions. 

The unwanted emission limits of Power class B is already analysed in LAA WI. The spurious emission level can be translate to ACLR level in LTE system as 26.3dB. The ACLR level is loose than that of E-UTRA LTE UE. However the unwanted emission limits of Power class C is about 38dB [3][4]. So RAN4 decide how to define the ACLR requirements for LTE-based V2V UE.
One critical Rx requirements in ITS service UE is the receiver adjacent channel rejection limits. 

The minimum/enhanced requirements for receiver adjacent channel rejection limits are same in both regions as below. 
If ITS STA received MIB with ‘dot11ACRType’, then the UE should satisfy the enhanced requirements level [4]. However general UE without the signaling, minimum rejection requirements are applied.

Table 3 Limit for receiver adjacent channel rejection at BPSK rate=1/2
	Center frequency
	Adjacent channel rejection 
(dB)
	Non-adjacent channel rejection
 (dB)

	
	Minimum
	Enhanced
	Minimum
	Enhanced

	5860
	16
	28
	32
	42

	5870
	16
	28
	32
	42

	5880
	16
	28
	32
	42

	5890
	16
	28
	32
	42

	5900
	16
	28
	32
	42

	5910
	16
	28
	32
	42

	5920
	16
	28
	32
	42


The rejection level can be interpreted as the ACS level in LTE system. The level can be expressed as ACS = ACR + 3dB+SNR+ IM, or equivalently ACS = ACR + 3dB+ REFSENS –NF. So in LAA study, RAN4 use the range from 22dB to 29dB for the minimum requirements for WiFi UE [5]. This rejection level is also applied to ITS system. So the minimum requirements of rejection limits are similar to legacy LTE ACS requirements. However the enhanced ACS level’s range is from 34dB to 40dB. So it is huge different between two system.
Therefore, some regulatory requirements in both Europe and North America are tighter than those of current LTE UE RF aspect.

For the operating band definition, RAN4 consider two alternative solution. 
One candidate solution is reused the Band 46 for LTE based V2V service in unlicensed band.
The other candidate solution is define the new operating band at 5.9GHz. In the next section, we analyse the Pros and Cons for two candidate solutions.

3 Comparison and conclusion
In the WF, RAN4 consider two candidate solution for operating band plan for V2V service in unlicensed band. We analyse implementation aspect cost aspect.
Table 4 Comparison of two candidate operating band plan for V2V service
	
	Pros
	Cons

	Option1 : 

Reuse Band 46 
	· Share the RF FE 
	· Difficult to satisfy the regulation

	
	· Low cost implementation
	· Weak to adjacent interferers

	
	· Simple RF architecture
	· Do not guarantee for the safety and security on V2V service

	
	· Easy to specification
	· Difficult to enhancement

	Option2 : 

Define New Band
	· Easy to satisfy the regulation
	· High cost implementation

	
	· Strong the adjacent interferers
	· Separate RF FE

	
	· Robust for V2V service
	· Complicate RF architecture

	
	· Easy expansion for enhanced V2V
	· Hard to specification


From the Table 4, we can conclude to define new operating bands for V2V services. The most important reason is for satisfying the regulatory requirements in some regions and guarantee V2V safety and security application. Therefore, RAN4 need to study how to satisfy the regulatory requirements. Maybe some RF requirements should be tighten compare to current LTE UE RF requirements.
Therefore, we propose operating band plan for V2V services as follows
Proposal: RAN WG4 define new operating Band for V2V service at 5850MHz to 5925MHz
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